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Introduction
Background  Sweetgum oil (Liquidambar orientalis Mill.; Styrax liquidus) is traditionally used in Turkey for wounds 
and burns, yet its cellular mechanisms remain unclear.

Methods  Two locally sourced sweetgum oil samples were tested in human HaCaT keratinocytes. Cytotoxicity was 
assessed by MTT. Proliferation and migration were quantified using RTCA-DP and scratch assays. COL1A1 mRNA was 
measured by TaqMan RT-PCR. Phytochemical profiling employed IT-TOF/MS; titrated Centella asiatica extract (TECA) 
was the positive control.

Results  Non-toxic concentrations were identified at 0.001–0.1 μg/mL. At 0.001 μg/mL, sweetgum oil significantly 
increased keratinocyte proliferation and migration in a time-dependent manner (RTCA-DP; p < 0.05 to p < 0.01), 
accelerating scratch-wound closure versus control. COL1A1 expression was unchanged. IT-TOF/MS indicated 
phenylpropyl cinnamate as the dominant constituent in both samples.

Conclusions  Sweetgum oil promotes re-epithelialization-related processes primarily by enhancing keratinocyte 
proliferation and migration rather than collagen induction. These findings support sweetgum oil as a promising 
natural wound-healing agent and motivate in vivo validation.
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Introduction
Chronic and complicated wounds represent a growing 
global health and economic burden, with annual treat-
ment costs estimated in the tens of billions of dollars [1]. 
Healing is often delayed in patients with diabetes, obe-
sity, renal failure, vascular disease, cancer, or advanced 
age, making wound management a critical challenge. 
The increasing prevalence of elderly populations further 
underscores the need for effective and affordable thera-
pies [2–11].

Medicinal plants remain an important source of 
wound-healing agents, with species such as Aloe vera, 
Centella asiatica, Calendula officinalis, and Hypericum 
perforatum demonstrating efficacy through experimental 
and clinical studies. These agents often act by stimulating 
keratinocyte proliferation, migration, and extracellular 
matrix remodelling [12–18].

Turkish sweetgum oil (Styrax liquidus), obtained from 
Liquidambar orientalis Mill., is endemic to southwest-
ern Turkey and has long been used in folk medicine for 
wounds, burns, and skin irritations [19]. Its composi-
tion is dominated by cinnamic acid derivatives, particu-
larly phenylpropyl cinnamate, which may underlie its 
biological effects [20]. While antimicrobial, antifungal, 
and anti-inflammatory activities have been reported, no 
mechanistic studies have examined its wound-healing 
potential.

This study provides the first experimental evaluation 
of the wound-healing activity of sweetgum oil in human 
HaCaT keratinocytes. Using cell-based assays and phyto-
chemical profiling, we investigated its effects on kerati-
nocyte proliferation, migration, and collagen expression, 
with the aim of identifying active constituents and eluci-
dating possible mechanisms of action.

Materials and methods
Plant material
Sweetgum oil samples obtained from trunk exudate inju-
ries of Liquidambar orientalis were purchased from two 
local producers in the Köyceğiz and Marmaris districts of 
Muğla, Turkey. Titrated Centella asiatica extract (TECA; 
Bayer, Turkey), known for its established wound-healing 
activity, was used as the positive control. All samples 
were stored at 4 °C until analysis.

Stock solutions of SO-1 (Köyceğiz origin), SO-2 (Mar-
maris origin), and TECA were prepared in DMSO at a 
concentration of 200  mg/mL. All stock solutions were 
sterilised using 0.22 μm sterile syringe filters under asep-
tic conditions. No heat-based sterilisation was applied. 
Fresh dilutions were prepared in DMEM for each experi-
ment. The final DMSO concentration in all wells did not 
exceed 0.5% (v/v), and vehicle-only DMSO controls were 
included.

Cell Culture
The human keratinocyte cell line (HaCaT) was obtained 
from Cell Line Services (CLS, Germany; passage num-
bers 25–35 were used). Cells were maintained in DMEM 
supplemented with 20% fetal bovine serum (FBS), 1% 
penicillin–streptomycin, 1% L-glutamine, and 1% sodium 
pyruvate at 37 °C in a humidified incubator with 5% CO₂.

Cells were detached using 2 × trypsin–EDTA, neutral-
ised with complete medium, and centrifuged at 1200 rpm 
for 5 min. Cell viability (greater than 95%) was confirmed 
using trypan blue staining before each experiment. Cells 
were then seeded at 10,000 cells/well in 96-well plates for 
MTT and RTCA-DP experiments, or 1 × 10⁶ cells/well in 
6-well plates for scratch assays.

HaCaT cells were counted before each MTT, RTCA-DP 
proliferation and migration analysis, scratch assay, and 
RT-PCR experiment.

MTT Cytotoxicity test
The cytotoxicity of SO-1, SO-2, and TECA was evaluated 
using the MTT (3-(4,5-dimethylthiazol-2-yl)−2,5 diphen-
yltetrazolium bromide) assay [21, 22]. HaCaT cells were 
seeded into 96-well plates at a density of 10,000 cells/well 
and incubated for 24 h to allow for attachment.

Stock solutions were diluted in DMEM to obtain the 
test concentrations. The final concentration of DMSO in 
all wells was ≤ 0.5% (v/v), and vehicle-only DMSO con-
trols were included.

A two-step screening strategy was used to determine 
non-cytotoxic concentrations. First, broad concentra-
tion ranges (0.01–100  µg/mL; tenfold increments) were 
tested. In the second step, narrower ranges (0.39–50 µg/
mL; twofold increments) were evaluated. Very low con-
centrations (0.001–0.1  µg/mL) were included to explore 
potential high-potency effects. After 24  h of treatment, 
MTT solution was added and incubated for 3  h. The 
resulting formazan crystals were dissolved in 100 µL 
DMSO, and absorbance was measured at 540  nm using 
an ELISA reader. Each condition was tested in eight tech-
nical replicates and repeated three times.

Statistical analysis
All experiments were performed in at least three inde-
pendent biological replicates (n ≥ 3). Data are expressed 
as mean ± standard deviation (SD). Statistical analysis 
was conducted using GraphPad Prism 9.0. Differences 
between groups were evaluated using one-way ANOVA 
followed by Tukey’s post hoc test, and p < 0.05 was con-
sidered statistically significant.

Determination of COL1A1 mRNA expression levels by the 
RT-PCR method
Determination of COL1A1 mRNA expression levels by 
RT-PCR.
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Total RNA was isolated from HaCaT cells treated with 
SO-1, SO-2, or TECA (0.001, 0.01, or 0.1  μg/mL for 24 
and 48 h) using the MagNA Pure Compact RNA isolation 
system (Roche), and quantified with a NanoDrop 2000 
spectrophotometer. RNA concentrations were normal-
ized to 100 ng per reaction.

cDNA synthesis was performed using the Transcriptor 
High Fidelity cDNA Synthesis Kit (Roche Diagnostics, 
Germany) with oligo(dT) primers, according to the man-
ufacturer’s protocol.

COL1A1 and GAPDH gene expression was quantified 
using TaqMan probe-based assays (Roche LightCycler® 
480 Probes Master). The reaction mix consisted of 10 μL 
Probe Master, 1 μL primer/probe mix, 5 μL cDNA, and 4 
μL nuclease-free water.

PCR amplification was carried out on the LightCycler® 
480 system under the following conditions:

95  °C for 10  min (enzyme activation), followed by 45 
cycles of 95 °C for 10 s and 60 °C for 30 s.

Gene expression levels were calculated using the ΔΔCt 
method, with GAPDH as the housekeeping gene. Each 
sample was run in triplicate.

Total RNA isolation
After incubation of HaCaT cells with SO-1, SO-2, and 
TECA at 0.001, 0.01, and 0.1 μg/mL for 24 and 48 h, total 
RNA was extracted using the MagNA Pure Compact 
RNA isolation system (Roche). Briefly, cells were col-
lected, centrifuged, washed with 2  mL PBS, and centri-
fuged again. A volume of 220 μL lysis buffer was added to 
disrupt the cells, and 200 μL of the lysate was transferred 
to the instrument. Approximately 50 μL of RNA was iso-
lated within 30  min. The RNA samples were quantified 
using a NanoDrop 2000 spectrophotometer (Thermo 
Scientific, Massachusetts, USA) and stored at –20  °C or 
–80 °C until further analysis.

RNA yield was determined by measuring absorbance at 
260 nm and 280 nm. Before cDNA synthesis, RNA con-
centrations were normalised using NanoDrop results so 
that exactly 100 ng of RNA from each sample was used.

cDNA synthesis
cDNA was synthesized using the Transcriptor High 
Fidelity cDNA Synthesis Kit (Roche Diagnostics, Ger-
many), following the manufacturer’s protocol. Oligo(dT) 
primers were used to target poly(A) RNA. Each reaction 
consisted of 100 ng of total RNA, 1 μL of Oligo (dT), and 
nuclease-free water to a total volume of 11.4 μL. Samples 
were heated at 65 °C for 10 min. Subsequently, 4 μL reac-
tion buffer, 0.5 μL RNase inhibitor, 2 μL dNTP mix, 1 μL 
DTT, and 1 μL reverse transcriptase were added to reach 
a final volume of 20 μL. The reaction was incubated at 
55  °C for 30  min and at 85  °C for 5  min. The obtained 
cDNA was used for real-time PCR (Table 1).

Determination of mRNA expressions by RT-PCR (Real-time 
PCR)
The effects of SO-1, SO-2, and TECA at 0.001, 0.01, and 
0.1 μg/mL on COL1A1 mRNA expression were measured 
using TaqMan real-time PCR. The assay was performed 
using the LightCycler® 480 system (Roche), with COL1A1 
as the target gene and GAPDH as the housekeeping gene. 
Each reaction was performed in triplicate.

Separate wells were prepared for COL1A1 and 
GAPDH. The plate was placed in the LightCycler® 480, 
and relative mRNA expression was calculated using the 
Advanced Relative Quantification module.

The effects of sweetgum oil extracts (SO-1 and SO-2) 
and TECA were compared to the untreated control.

Xcelligence Real-Time Cell Analyse System
The xCELLigence RTCA-DP system was used to evalu-
ate both proliferation and migration of HaCaT cells. This 
system measures electrical impedance across microelec-
trodes located at the bottom of the wells, converting the 
signal into a Cell Index (CI) value, which reflects cell 
number and behaviour over time.

Proliferation assay:
Background impedance was first recorded by add-

ing 100 μL of DMEM to each well of the E-plates. Then, 
100 μL of HaCaT cell suspension (10,000 cells/well) was 
added. Plates were incubated for 30  min at room tem-
perature to allow for uniform cell attachment, followed 
by continuous impedance monitoring every 1 h for 24 h. 
After confirming cell adherence, non-toxic concentra-
tions of sweetgum oil (0.001, 0.01, and 0.1 μg/mL) were 
added, and impedance was recorded for an additional 
48 h. Dose–response curves were generated at 48 h.

Migration assay:
The same RTCA-DP platform was used with CIM-

plates for migration analysis. Non-toxic concentrations of 
SO-1, SO-2, and TECA (0.001–0.1 μg/mL) were applied, 
and impedance was recorded for 72  h. Migration slope 
values were calculated from the linear phase of the cell 
index increase.

Scratch wound healing technique
The migration and wound-closure capacity of HaCaT 
keratinocytes was evaluated using the scratch assay. 

Table 1  Reagents added to Lightcycler PCR-compatible clear 
plates
Order Chemical Amount
1 H2O 4 μL

2 Prob Master 10 μL (LightCycler® 480 
Probe Master kit REF: 04 
707 494 001 for COL1A1)

3 Primer (Taqman) 1 μL (COL1A1/GAPDH)

4 cDNA 5 μL
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Cells were seeded into 6-well plates at a density of 1 × 10⁶ 
cells per well and cultured until reaching approximately 
85–95% confluence. A linear scratch was gently made 
in the cell monolayer using a sterile 100 μL pipette tip. 
Detached cells and debris were removed by washing with 
PBS.

Cells were then treated with non-toxic concentrations 
of sweetgum oil samples (SO-1 and SO-2) and TECA 
(0.001, 0.01, and 0.1  μg/mL) in fresh complete medium 
and incubated for 48  h at 37  °C in 5% CO₂. Three rep-
resentative images were captured for each well at 0, 24, 
and 48  h using a Leica DM300 inverted microscope. 
Wound closure was quantified using the Leica LAS 

Image Analysis software by measuring the remaining 
scratch area. Each experiment was performed at least in 
duplicate.

Chemical analyses of sweetgum oil samples
Qualitative and quantitative analyses of the sweetgum 
oil samples (SO-1 and SO-2) were performed using IT-
TOF/MS high-resolution mass spectrometry (Shimadzu, 
Kyoto, Japan). Samples were diluted in water and metha-
nol, sonicated for 10  min in an ultrasonic bath, and fil-
tered through 0.22 μm PTFE or CA syringe filters before 
analysis.

Fig. 1  A Study workflows. A TaqMan RT-PCR workflow for COL1A1 quantification in HaCaT keratinocytes. B Experimental workflow showing dose selec-
tion by MTT, real-time proliferation and migration analysis by RTCA-DP, scratch-wound closure assay, and chemical profiling by IT-TOF/MS. B Experimental 
workflow diagram
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Analyses were conducted using electrospray ionisa-
tion (ESI) in both positive and negative ion modes. The 
mobile phase consisted of a gradient mixture of aceto-
nitrile and water containing 0.1% formic acid. Instru-
ment parameters were as follows: probe voltage ± 3.5 kV 
(positive/negative ESI), nebulising gas flow 1.5 L/min, 
CDL temperature 200 °C, heat block temperature 200 °C, 
and drying gas pressure 200 kPa. The TOF detector volt-
age was 1.6 kV. The LC unit consisted of dual LC-20AD 
pumps, a DGU-20A3R degasser, CTO-10ASvp column 
oven, SIL-20AC autosampler, and SPD-M20A PDA 
detector.

Chromatographic separation was achieved using a 
Shim-Pack FC-ODS C18 column (150 × 2  mm, 2  μm). 
Data were processed using LCMSsolution software (v. 
3.80). Compound identification was performed based on 
major peak masses using the DrugBank database (drug-
bank.ca) and literature references. An overview of the 
experimental design and analytical workflow is shown in 
Fig. 1.

Results
Determination of non-toxic concentrations in MTT test
In the first step of cytotoxic concentration screening 
in HaCaT cells, it was determined that 0.001, 0.01, and 
0.1  μg/mL concentrations of SO-1 and SO-2 were non-
toxic (Fig. 2A). Mild proliferative effects were observed at 
some concentrations (0.01 and 0.1 μg/mL). The increase 

Table 2  For HaCaT cells, RNA Nanodrop results for 48 h
Extracts Concentrations (μg/mL) Absorbance
SO-1 0.001 351,6

0.010 372,6

0.100 289,3

SO-2 0.001 340,7

0.010 417,1

0.100 274,7

TECA 0.001 329,4

0.010 379,5

0.100 463

Control 610,4

Fig. 2  MTT cell viability result graphs at different concentration ranges: A Concentrations of 100, 10, 1, 0.1, 0.01 µg/mL (n = 6 for each case), B Concentra-
tions of 50, 25, 12.5, 6.25, 3.125, 1.56, 0.78, 0.39 µg/mL (n = 6 for each case; *p < 0.05, **p < 0.01, ***p < 0.005, statistical significance versus control). Data are 
mean ± SD (n = 6). *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control
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in proliferation at 0.01  μg/mL for SO-2 was statisti-
cally significant (p < 0.01), while the effect of SO-1 at the 
same concentration was minimal and not significant. At 
0.1  μg/mL, both SO-1 and SO-2 still exhibited prolif-
erative effects, but they were not statistically significant 
(Fig. 2A).

Similar results were obtained for TECA, which 
did not show significant proliferative activity at low 

concentrations but exhibited strong cytotoxicity at 
100 μg/mL (p < 0.005) (Fig. 2A).

In the second step of screening, seven concentrations 
of SO-1 and SO-2 extracts ranging from 0.39 to 25.0 μg/
mL were found to be non-toxic. Some concentrations of 
SO-2 (0.39, 0.78, and 1.56  μg/mL) produced slight but 
statistically insignificant proliferative effects. For both 
sweetgum oil extracts, cytotoxicity in HaCaT cells was 

Fig. 3  Amplification curve of COL1A1 gene in HaCaT keratinocyte cells incubated with SO-1, SO-2 and TEKA at concentrations of 0.001, 0.01, and 0.1 µg/
mL for 24 h. Data are mean ± SD (n = 6). *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control

 



Page 7 of 15Yusuf et al. BMC Complementary Medicine and Therapies           (2026) 26:53 

clearly observed at 50.0  μg/mL, where SO-1 and SO-2 
induced significant antiproliferative effects (p < 0.05). 
TECA showed a similar profile but demonstrated con-
centration-dependent cytotoxicity from 6.25  μg/mL 
onward (p < 0.05), becoming highly cytotoxic at 12.50–
100.00 μg/mL (p < 0.01–0.005) (Fig. 2B).

Determination of COL1A1 mRNA expression levels by 
RT-PCR
Table 2 presents the NanoDrop RNA quantifica-
tion results for HaCaT keratinocyte cells after 48  h 

of treatment. RT-PCR analysis showed that COL1A1 
mRNA expression levels were not altered in HaCaT 
cells treated with SO-1, SO-2, or TECA at 0.001, 0.01, 
or 0.1  μg/mL. Data were analysed using the Software 
Release LCS480 version 1.5.0.39 (Fig. 3).

Xcelligence real-time cell analyse system
According to RTCA-DP analysis over a 72-h period, 
sweetgum oil significantly increased HaCaT cell prolifer-
ation at the 0.001 μg/mL concentration in a time-depen-
dent manner. The proliferation profiles of SO-1, SO-2, 

Fig. 4  Results of RTCA-DP cell proliferation assays for SO-1, SO-2 and TECA (n = 6 for each case).p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control. Data are 
mean ± SD (n = 6). *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. Control
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and TECA are shown in Fig. 4. These results are consis-
tent with the findings obtained from the MTT assay.

Similarly, RTCA-DP migration analysis revealed a sig-
nificant increase in cell migration at 0.001  μg/mL for 
all tested samples (SO-1, SO-2, and TECA), again in a 
time-dependent manner. Migration curves and the corre-
sponding slope histograms are presented in Figs. 5, 6, and 
7. Slope values at 0.001 μg/mL were 1.42 ± 0.10 for SO-1 
and 1.55 ± 0.12 for SO-2, both significantly higher than 
the control group (0.88 ± 0.09, p < 0.01).

Scratch wound healing technique
Scratch-wound analysis showed that HaCaT keratino-
cyte cells treated with non-toxic concentrations of SO-1, 
SO-2, and TECA exhibited enhanced migration and 
wound closure within 48  h. Figures  8, 9, and 10 display 
the wound closure progression at 24 and 48 h following 
treatment.

At 48  h, wound closure was 68 ± 5% for SO-1 and 
72 ± 6% for SO-2 at 0.001 μg/mL, compared to 40 ± 4% in 
the control group (p < 0.01). TECA achieved 65 ± 5% clo-
sure under the same conditions. Migration slope values at 
0.001 μg/mL were 1.42 ± 0.10 for SO-1 and 1.55 ± 0.12 for 
SO-2, both significantly higher than control (0.88 ± 0.09, 
p < 0.01).

Chemical analyses of sweetgum oil samples
Table 3 summarises the IT-TOF/MS high-resolution 
mass spectrometry results for the sweetgum oil samples 
(SO-1 and SO-2). The dominant component in both sam-
ples was phenylpropyl cinnamate, with relative intensities 
of 82.1% for SO-1 and 69.5% for SO-2. This was followed 
by cinnamyl cinnamate at 9.3% and 19.6%, respectively. 
Other identified constituents included benzyl alcohol, 
cinnamaldehyde, cinnamic acid, and p-hydroxy cinnamic 
acid.

Fig. 5  A Graph of time-dependent migration effect of sweetgum oil (SO-1) concentrations on HaCaT keratinocyte cells in RTCA-DP (n = 6); B Slope val-
ues ​​of SO-1 concentrations in HaCaT keratinocyte cells in the RTCA-DP system after 72 h (n = 6; mean ± standard deviation). Data are mean ± SD (n = 6). 
*, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control
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Discussion
Sweetgum oil (Styrax liquidus) has been traditionally 
used in Turkey for treating skin lesions, infections, and 
inflammatory conditions [12]. Previous in vivo studies 
have shown that sweetgum oil accelerates wound repair, 
primarily through epithelialization and antibacterial 
activity [23, 24]. Yanik (2016) demonstrated comparable 
efficacy between sweetgum oil and silver sulfadiazine 
in burn wounds, reporting improvements in inflamma-
tion, collagen accumulation, angiogenesis, and epitheli-
alization [25]. Similarly, Deniz (2010) reported enhanced 
wound closure when sweetgum oil was combined with 
collagenase [26]. However, these studies did not inves-
tigate the underlying cellular or molecular mechanisms, 
limiting mechanistic understanding.

Our study is the first to demonstrate that sweetgum oil 
promotes wound-healing–related processes in human 
keratinocytes. Using MTT assays, we identified non-
toxic concentrations in the range of 0.001–0.1 μg/mL. At 
0.001 μg/mL, sweetgum oil significantly enhanced kera-
tinocyte proliferation and migration in both RTCA-DP 

and scratch assays (p < 0.05, p < 0.01), resulting in accel-
erated wound closure. Notably, no change was observed 
in COL1A1 expression, indicating that the effect is not 
mediated through collagen synthesis. This finding is con-
sistent with the work of Öçsel et al. (2012), who reported 
no significant effect of sweetgum oil on fibroblast activ-
ity or collagen density in a porcine wound model [24]. 
These data collectively suggest that the mechanism of 
action differs from agents such as Centella asiatica, which 
enhances wound healing via promotion of collagen syn-
thesis [12]. Instead, sweetgum oil appears to act primar-
ily through stimulation of keratinocyte proliferation and 
migration, key processes involved in re-epithelialization.

Phytochemical analysis confirmed phenylpropyl cin-
namate as the predominant constituent in both sweet-
gum oil samples. This finding aligns with previous studies 
reporting cinnamate derivatives as the major bioactive 
components of Liquidambar orientalis extracts [27–29]. 
The pronounced activity observed at very low concentra-
tions (0.001 μg/mL) is likely attributable to the high bio-
logical potency of cinnamate esters, which are known to 

Fig. 6  (A) Graph of time-dependent migration effect of sweetgum oil (SO-2) concentrations on HaCaT keratinocyte cells in RTCA-DP (n = 6); B Slope 
values ​​of SO-2 concentrations in HaCaT keratinocyte cells in the RTCA-DP system after 72 h (n = 6; mean ± standard deviation). Data are mean ± SD (n = 6). 
*, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control
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modulate signalling pathways associated with cell prolif-
eration and oxidative stress responses. Although direct 
causality cannot be established from the present in vitro 
data, the consistent predominance of phenylpropyl cin-
namate across both samples, along with its known bio-
activity, strongly suggests its major contribution to the 
observed effects. Nevertheless, other constituents—such 
as cinnamyl cinnamate, cinnamaldehyde, and benzyl 
alcohol—may exert complementary or synergistic effects, 
warranting further investigation.

The present study has certain limitations. First, only in 
vitro assays were conducted, and therefore the physio-
logical relevance of the observed effects at very low con-
centrations remains to be confirmed in vivo. Second, the 
chemical composition of sweetgum oil can vary depend-
ing on geographic origin, harvest season, and extrac-
tion method, which may influence its biological activity. 
Third, although phenylpropyl cinnamate was identified 
as the dominant phytochemical, its specific contribution 

to wound healing should be verified through studies 
using isolated compounds and mechanistic pathway 
analyses. Finally, no assessment was made regarding 
skin irritation or cytotoxicity at higher concentrations in 
advanced skin models, which is important for evaluating 
clinical safety.

Future studies should focus on in vivo wound-healing 
models to validate the efficacy and dose–response rela-
tionship of sweetgum oil. Mechanistic investigations 
are also needed to identify specific signaling pathways 
involved in keratinocyte proliferation and migration. In 
addition, pharmacological testing of phenylpropyl cinna-
mate alone, as well as in combination with other sweet-
gum constituents, would help clarify its precise role in 
mediating the observed effects. Comparative studies with 
established agents such as TECA could further define the 
relative therapeutic potential of sweetgum oil. Ultimately, 
clinical investigations will be essential to evaluate safety, 
tolerability, and efficacy in human subjects.

Fig. 7  A Graph of time-dependent migration effect of TECA concentrations on HaCaT keratinocyte cells in RTCA-DP (n = 6); B Slope values ​​of TECA con-
centrations in HaCaT keratinocyte cells in the RTCA-DP system after 72 h (n = 6; mean ± standard deviation).p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control. 
Data are mean ± SD (n = 6). *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. Control
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Fig. 8  Photomicrographs of the scratch assay 24 h and 48 h after the application of different concentrations of SO-1
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Fig. 9  Photomicrographs of scratch assay 24 h and 48 h after the application of different concentrations of SO-2
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Fig. 10  Photomicrographs of scratch assay 24 h and 48 h after the application of different concentrations of TECA

 



Page 14 of 15Yusuf et al. BMC Complementary Medicine and Therapies           (2026) 26:53 

Conclusion
In conclusion, sweetgum oil promotes keratinocyte 
migration and proliferation at non-toxic concentrations, 
supporting its potential as a wound-healing agent. Phen-
ylpropyl cinnamate appears to be an important contribu-
tor to this activity; however, its role remains speculative. 
These findings provide novel mechanistic insight and jus-
tify further in vivo validation.
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