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Abstract: Background: Amesiodendron chinense (Merr.) Hu (family: Sapindaceae) is a Thai medicinal plant.
The seed oil of this species has been used by folk healers and local people in southern Thailand for the treatment
of wounds, skin disorders and common hair problems. This study aimed at the GC-MS-based determination of
the chemical composition of the seed oil of this plant, and evaluation of its Nrf2/ARE induction activity in
ARECc32 cells (modified human breast cancer cell line MCF-7) using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] and luciferase reporter gene assays. Results: GC-MS analysis identified 9-(E)-
octadecenoic acid (84.82%) as the main component of this seed oil. TLC-based qualitative DPPH (2,2-diphenyl-
1-picrylhydrazyl) assay revealed the DPPH radical-scavenging activity of the seed oil and its chromatographic
fractions. A low-level DPPH-scavenging activity was observed in the quantitative assay, but no ICs value could
be determined even with the highest tested concentration (10 mg/mL). Neither the oil nor its chromatographic
fractions showed any significant Nrf2/ARE induction in AREc32 cells. The seed oil was noncytotoxic against
the ARECc32 cells. Conclusions: A. chinense seed oil and its fractions had a low level of free-radical scavenging
property but no significant Nrf2/ARE induction activity in AREc32 cells. However, as the oil did not show any
cytotoxicity at test concentrations in the MTT assay, this oil might potentially be safe to use in cosmetic
formulations or as a vehicle for the dermal delivery of drug molecules.

Keywords: Amesiodendron chinense; Sapindaceae; seed oil; antioxidant; cytotoxicity; cancer chemoprevention;
GC-MS; Nrf2/ARE induction

1. Background

Thailand is one of the most biodiversity-rich countries in Southeast Asia, which contains ca. 15,000 plant
species, representing 8% of the world's plant species [1]. Importantly, Thai ancestors had accumulated precious
experience of health care in fighting against diseases before the Sukhothai period or before 1238 CE. As a result,
the unique traditional medicine system, known as “Thai Traditional Medicine” (TTM), based on Thai medicinal
plants, was developed [2,3]. Although medicinal plants form the foundation of the TTM, many of these plants
have never been evaluated for their phytochemical composition and bioactivities, and for most of them, their
therapeutic potential is yet to be discovered.

Amesiodendron chinense (Merr.) Hu is one of the medicinal plants of the Sapindaceae family [4]. This species
is a primary rainforest tree growing up to 25 m tall (Figure 1). Its Thai name is “Khun”, and found in primary
rainforests, native to valleys, hill forests and limestone areas, 300—1000 m altitude and growing on well-drained
soil [4,5]. It is distributed from South China through Indochina to Peninsular Malaysia and Sumatra. In Thailand,
it is an endemic tree species only found in Phatthalung and Trang province, the southern part [4-6]. A. chinense
was categorized as ‘near threatened’ by the International Union for Conservation of Nature (IUCN) due to over-
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exploitation of valuable timber in certain regions and a restricted geographical distribution of this plant [7].
However, the use of seeds to produce oil is not considered a threat to this species.

Traditional healers and local people in southern Thailand externally apply A. chinense seed oil to treat chronic
wounds such as diabetic foot and pressure ulcers, itching, skin allergies and inflammation caused by insect bites,
skin diseases such as ringworm, scabies, and athlete's foot. Moreover, it is applied as a massage oil for relieving
muscle pain and a hair tonic for giving shiny-black hair and antidandruff treatment [6,8,9]. This oil has also been
used as an excipient in carious cream formulations [9].

Figure 1. Tree (a), fruits (b) and seeds (c) of A. chinense.

Previous phytochemical and pharmacological studies of this species identified phenolic compounds including
flavonoids amesiflavones A-C, and lighans (+)-aptosimon (+)-isolariciresinol (—)-cleomiscosin A and (-)-
cleomiscosin C from the leaves. Amesiflavones A and B, (+)-aptosimon, (—)-cleomiscosins A and C, and (+)-
isolariciresinol showed cytotoxic activity against human cancer cell lines including KB (a subline of the ubiquitous
KERATIN-forming tumour cell line HeLa), SK-LU-1 (lung cancer), MCF-7 (breast cancer), HepG-2 (liver
cancer), and SW-480 [4,10]. Further phenolic compounds, astragalin, (—)-catechin, (—)-epi-catechin, chrysoeriol,
kaempferide 3-O-B-D-glucopyranoside and quercetin 3-O-p-D-glucopyranoside were isolated from the flowers
[11]. Moreover, A. chinense seed oil was shown to contain six fatty acids including, arachidic acid, eicosenoic
acid, linoleic acid, oleic acid, palmitic acid, and stearic acid [6].

Although the seed oil of A. chinense has been used in folk medicine in southern Thailand with effective
treatment outcomes, there are limited phytochemical and pharmacological studies reported on this species to date.
No published research articles on pharmacological studies of A. chinense seed oil have been found in the literature.
Thus, this study aimed at the GC-MS analysis of the seed oil of this plant, and evaluation of its Nrf2/ARE induction
activity in AREc32 cells using the MTT and luciferase reporter gene assays.

2. Methods

2.1. Plant Materials

Amesiodendron chinense (Merr.) Hu seed oil was supplied by Sawat Chandang, a traditional healer in
Phatthalung province, Thailand. Seed oil was extracted using traditional methods as briefly described here. The
fruits were sun-dried and cracked, and the peels were removed. The seeds were ground and cooked by steaming.
After that, the cooked seeds were placed in a wicker container (Figure 2a) and put in wooden equipment (Figure
2b). Then logs were inserted on both sides of the equipment to compress the seeds. Lastly, seed oil was collected,
filtered, and kept in a glass bottle (Figure 2c).

Figure 2. Wicker container (a), wooden equipment (b) and seed oil (c) of A. chinense.
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2.2. GC-MS Analysis

The chemical constituents of the seed oil sample were analyzed on an Agilent 6890N network GC system
coupled to an Agilent 5790 mass selective detector (Agilent, Santa Clara, CA, USA). Separations were conducted
using an HP-5MS capillary column (30 m x 0.25 mm i.d., 0.25 pm film thickness). The seed oil sample was diluted
10 times in n-hexane and then the sample (1 pL) was injected in the split mode with a split ratio of 1:50. The
column oven temperature was programmed as follows: the beginning of 150 <C kept for 3 min, rising by 20 <T/min
to 280 <C and maintaining for 4 min. The total run time was 14 min. Helium was used as a carrier gas at a flow
rate of 1 mL/min. The mass-spectrometer was accomplished in the range of 41-500 m/z in the EI mode at 70 eV
at an MS source temperature of 230 <C.

2.3. VLC Fractionation

Vacuum liquid chromatography (VLC) was carried out as described by Reid and Sarker (2012) [12] with
suitable modifications. In brief, a portion of seed oil (10 mL) was mixed with normal silica gel (70—230 mesh)
(Sigma Aldrich, St. Louis, MO, USA) and loaded on the top of a VLC column pre-packed with TLC-grade silica
gel 60 H (Sigma Aldrich, USA). The column was washed with 200 mL of n-hexane and eluted with a stepwise
mobile phase gradient, consisting of 2% (twice), 4%, 6%, 10%, 20%, 30%, 40% and 50% DCM in n-hexane and
finally, 100% DCM (200 mL each) under vacuum. Ten different fractions (F1-F10) were collected separately,
dried under a rotary evaporator, and stored in glass vials at 4<C until used.

2.4. TLC Analysis

Silica gel 60 coated with fluorescent indicator Fzs4 on TLC aluminium foil (Sigma Aldrich, USA) was used
as a stationary phase. Seed oil and 10 VLC fractions were re-dissolved (10 mg/mL) in DCM and spotted on the
TLC plate. The TLC plate was developed using 5% of ethyl acetate in n-hexane as a mobile phase. After that, the
plate was dried, and visualized under UV light at 254 and 365 nm in a UV cabinet (Analytik Jena, Upland, CA,
USA). The developed plate was then sprayed with an anisaldehyde-sulphuric acid reagent followed by heating in
an oven (Nabertherm, Lilienthal, Germany) at 110 <C for 10 min. Fractions with similar TLC fingerprints were
combined.

2.5. DPPH Assay

Seed oil and its fractions were screened for free-radical scavenging properties using the DPPH assay
following the method described by Takao et al. [13] with proper modifications [14,15]. DPPH powder (Sigma
Aldrich, USA) (8 mg) was dissolved in isopropanol (100 mL) to obtain a concentration of 80 pg/mL.

2.5.1. Qualitative Assay

All tested solutions (10 mg/mL) including quercetin (Sigma Aldrich, USA), a positive control (1 mg/mL)
were applied on the TLC plate and followed by the TLC development step as aforementioned procedure. The
DPPH solution was sprayed onto the developed TLC plate and left the TLC plate for 30 min to allow the reactions
to occur. The white spots against the purple background were indicative of the antioxidant potential of the samples.

2.5.2. Quantitative Assay

Ten-fold serial dilutions of each tested sample were prepared in isopropanol from the stock concentrations
(10 mg/mL) to obtain concentrations of 1.0, 0.1, 0.01, 0.001, 0.0001 and 0.00001 mg/mL. After that, 2 mL of
diluted solutions were mixed with 2 mL of DPPH and allowed to stand at room temperature for 30 min for any
reaction to occur. Absorbance values were measured at 517 nm using a Jenway 7315 Advanced UV-VIS
spectrophotometer (Bibby Scientific Ltd, Staffordshire, UK). The experiment was performed in triplicate. The
same protocol was conducted for the positive control, quercetin (stock concentration 1 mg/mL). The percentage
of DPPH scavenging activity at each concentration expressed as % inhibition was calculated by using the following
formula:

Inhibition (%) = (Acontrol — Asample) < 100/Aconrol, 1)

where Acontrot Was the absorbance value of the blank control (containing all reagents except for the tested sample)
and Asample Was the absorbance value of the tested sample/positive control.
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2.6. Preparation of Cell Lines and Cell Culture

ARECc32 cells (modified the human breast cancer cell line MCF-7) were used for cell culture work [16]. All
cells were cultured in Dulbecco's Modified Eagles Medium (DMEM) high glucose (Biosera Europe, Paris, France)
supplemented with 10% foetal bovine serum (FBS) (Thermo Fisher Scientific, USA), 5% penicillin-streptomycin
suspension (Sigma Aldrich, USA) and geneticin G418 (0.8 mg/mL) (Thermo Fisher Scientific, Waltham, MA,
USA) and then maintained in an incubator (Binder, Germany) at 37 <C under 5% CO, and 95% humidity. The
cells were seeded into 96-well plates (Corning, USA) at a cell density of 1.2 x<10* cells in 100 puL of complete
medium per well and incubated for 24 h before each experiment started. All experiments were performed in three
independent experiments (5 replicates/experiment).

2.7. MTT Assay

MTT assay [17] was used to determine the cytotoxicity of the seed oil and its fractions. Cells were treated
with 100 uL of the following concentrations 0.0125, 0.025, 0.05, 0.1, 0.2, 0.4, 0.8, and 1 mg/mL. Negative
(untreated cells), positive (20% dimethyl sulfoxide, DMSO) and vehicle controls (0.4-1% ethanol) were also
included in each experiment. After 24 h incubation, 20 pL. of the MTT solution (5 mg/mL) was added to each well
and incubated for 4 h. The MTT solution was discarded and 100 uLL of DMSO was added in each well to dissolve
the purple formazan product. The absorbance of the formazan product of viable cells was read using the microplate
reader (Tecan, M&nnedorf, Switzerland) at 570 nm. The mean % cell viability was calculated as follows:

% Cell viability = (absorbance of treated cells/absorbance of untreated cells) <100 2)

2.8. Luciferase Assay

Luciferase assay was performed as described by Basar et al. [16]. AREc32 cells were treated with seed oil
and its fractions at a non-cytotoxic concentration which was assessed by the MTT assay for 24 h. Cells were
washed with 100 pL of phosphate-buffered saline (PBS), then 20 uL of 1X luciferase reporter lysis buffer
(Promega, Southampton, UK) was added to each well followed by a freeze-thaw cycle (=20 <C) for 24 hto achieve
complete cell lysis. The cell lysate was thawed and transferred to a white opaque 96-well plate and mixed with
100 pL of freshly prepared luciferase assay reagent. The bioluminescence was measured using the microplate
reader (Tecan, Switzerland). The Luciferase activity was expressed as folds induction relative to untreated cells.
Positive control of 10 uM tert-butylhydroquinone (tBHQ) was also used.

2.9. Statistical Methods
All experiments were conducted in triplicate. All results were presented as means *standard deviation. The
graphs were plotted using non-linear regression using Microsoft Excel version 2019.

3. Results

3.1. GC-MS Analysis: Composition of the Seed Qil

The seed oil derived from A. chinense had a yellow colour. The identified components, retention time,
molecular formula, and relative peak area (%) are displayed in Table 1. The GC-MS profile is shown in Figure 3.
A total of eight compounds were identified, representing 100% of the total oil. The major components of the seed
oil were 9-(E)-octadecenoic acid (84.82%) (Figure 4) followed by di-isooctyl phthalate (8.78%), 2,3-
dihydroxypropyl elaidate (1.86%) and ethyl iso-allocholate (1.37%).

Table 1. Chemical composition of seed oil extracted from A. chinense.

No Retention Time (min) Molecular Formula Compounds Relative Peak Area (%0)
1 7.4 Ca7Hss Heptacosane 0.20

2 7.76 C16H3202 n-Hexadecanoic acid 0.47

3 8.72 C18Hz402 9-(E)-Octadecenoic acid 84.82

4 10.25 C21H4004 2,3-Dihydroxypropy! elaidate 1.86

5 10.54 C18Hz402 13-(Z)-Octadecenoic acid 0.85

6 10.62 C24H3804 Diisooctyl phthalate 8.78

7 10.74 C18Hz402 Oleic acid 0.6

8 10.86 C18Hz402 13-(E)-Octadecenoic acid 1.07

9 12.48 C26H4405 Ethyl iso-allocholate 1.37
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Figure 3. GC-MS chromatogram of A. chinense seed oil.
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Figure 4. Chemical structure of 9-(E)-octadecenoic acid.

3.2. TLC Screening of the Oil and Its Chromatographic Fractions

The TLC chromatogram of A. chinense seed oil (ACS) and its VLC fractions (F1-F10) with different
detection methods are presented in Figure 5. VLC fractions with similar TLC profiles were then combined as
follows: F1 + F2, F3 + F4, F6 + F7 and F8 + F9.

A B

Figure 5. TLC fingerprint of A. chinense seed oil (ACS) and its VLC fractions with visualization under UV 254
nm (A) and visible light after derivatization with anisaldehyde-sulphuric acid reagent (B); solvent system: n-hexane:
ethyl acetate (9.5:0.5).

3.3. DPPH-Scavenging Activity

The TLC-based qualitative DPPH assay of the A. chinense seed oil and its VLC fractions revealed white
spots against a purple background (Figure 6), indicating the presence of compounds with free-radical scavenging
activity. The seed oil itself showed a maximum of 4.51% inhibition of DPPH at its highest tested concentration of
10 mg/mL, (Table 2), and the % inhibition of the tested VLC fractions at 10 mg/mL was between 0.668% to 2.33%.
At lower concentrations (0.00001-0.1 mg/mL), the seed oil and the VLC fractions F1 + 2, F3 + 4 and F5 did not
show any quantifiable DPPH-scavenging activity. Among the VLC fractions, the fraction F10 showed the highest %
of inhibition (2.33%) at 10 mg/mL concentration. While the 50% inhibition value (ICsg) for the seed oil and its
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VLC fractions could not be determined even at the highest tested concentration, quercetin, as a positive control,
reached 50% inhibition of DPPH at a concentration between 0.01 and 0.1 mg/mL.

Figure 6. TLC plate of A. chinense seed oil (ACS) and fractions after spraying with DPPH reagent.

Table 2. Quantitative DPPH assay of the seed oil and its VVLC fractions.
% Inhibition of DPPH

Conc. (mg/mL) . . VLC fractions
Quercetin SeedOll [y .5 £3,4 F5 F6+7 F8+9 FI10
0.00001 ] ] - - - 0165 - 0359
0.0001 0.499 ] - .- o824 - 02717
0.001 5.668 ] - - - 0494 0273 0554
0.01 33.305 ] ] - - 0301 0276 0416
0.1 71.289 ] ] - - 0357 0277 0693
1 93300  1.002 0002 0028 - 0165 0853 0915
10 NP 4514 0668 1951 - 0770 1323 2.328

- = No inhibition; NP = Not performed.

3.4. Cytotoxic Activity: MTT Assay

The seed oil and its fractions at the concentration ranging from 0.0125-1 mg/mL were assessed for
cytotoxicity against AREc32 cells using the MTT assay to identify a non-cytotoxic concentration of each treatment.
Ethanol was used at 0.4-1% v/v as the vehicle control which did not show toxicity. The non-cytotoxic
concentrations chosen for the luciferase assay were 0.4, 1.0, 0.1, 0.4, 0.2, 0.4 and 0.8 mg/mL, respectively, for the
seed oil, F1 + 2, F3 + 4, F5, F6 + 7, F8 + 9 and F10.

3.5. Chemopreventive Activity: Luciferase Assay

Non-toxic concentrations of seed oil and fractions as shown above were assessed for their chemopreventive
property using the Luciferase assay by measuring induction of Nrf2 activation in AREc32 cells. As shown in
Figure 7, tert-butylhydroquinone (tBHQ), a well-known Nrf2 activator at 10 pM was used as a positive control,
produced a 23.2-fold activation of Nrf2 activity compared to the negative control. Seed oil and its fractions did not
show any significant Nrf2/ARE induction (less than 2-fold compared to control).
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Figure 7. Luciferase activity of seed oil and its fractions on AREc32 cells.

4. Discussion

The seed oil of A. chinense showed the presence of long-chain alkanes and fatty acids, which is quite typical
of such a fixed oil [18]. 9-(E)-Octadecenoic acid (84.82%), also known as elaidic acid [19], was the main
component of this oil. Therefore, it is reasonable to say that the physicochemical properties of this oil are mainly
because of this compound. This result is, to some extent, in agreement with an earlier report [6], where 9-(E)-
octadecenoic acid was reported as the main component (57.14%) of A. chinense seed oil, but in much less
proportion. However, the previous study found other fatty acids including octadecanoic acid, 9,12-octadecadienoic
acid, eicosenoic acid and 11-eicosenoic acid, which were not found in the current study. This variation in the
proportion of 9-(E)-octadecenoic acid present in the oil and the composition of the oil could be linked to the
differences in the oil sample preparation for the GC-MS analysis, i.e., in the form of fatty acid methyl ester, instead
of the unaltered oil itself or because of variations in geographical origin, drying method, oil extraction method and
several other factors related to processing. 9-(E)-Octadecenoic acid, with a trans-configured double bond at C-9
(Figure 4), is an oleic acid trans isomer. It is classified as a member of the long-chain fatty acids. Consumption of
this trans fatty acid increases low-density lipoprotein (LDL) cholesterol and decreases high-density lipoprotein
(HDL) cholesterol, which is associated with an increased risk of cardiovascular disease [20,21]. However, in
Thailand, the ethnobotanical uses of the seed oil of A. chinense are confined to external uses only, e.g., medicinal
oil for chronic wounds, itching, skin allergies and inflammation and other skin conditions, and as a massage oil
and hair tonic [6,8,9]. Therefore, the presence of 9-(E)-octadecenoic acid as the major compound in this oil will
have no consequences for cardiovascular diseases.

There are many plant seed oils that possess excellent antioxidant property [22], but the seed oil of A. chinense
did only have a low level of DPPH-scavenging activity as found in the current study. Antioxidants are well-known
to be associated with the chemopreventive effect of natural products [23]. In the current study, the seed oil and its
fractions did not show any significant cancer chemopreventive activity as indicated by extremely low level of
induction of Nrf2/ARE activity in AREc32 cells. The absence of any significant cancer chemopreventive activity
of the oil could be explained by the absence of any considerable antioxidant activity in this oil. However, it is
noteworthy, that this oil or its fractions did not show any significant cytotoxicity in the MTT assay, which could
provide support for its safety in external use. In cosmetic and pharmaceutical industries, it is often important to
find and use excipient or vehicle that is non-toxic to use in the products only for external use [24]. To this end, the
seed oil of A. chinense, because of its non-toxicity to cells, could be a suitable candidate for such applications.

This is the first report on the assessment of the radical-scavenging, cytotoxic and chemopreventive activities
of A. chinense seed oil, and GC-MS analysis revealing the composition of this fixed oil.

5. Conclusion

The present study has demonstrated that the major components of the seed oil of A. chinense are long-chain
alkenes and fatty acids. Seed oil and its chromatographic fractions did not display any noticeable cytotoxicity
against the AREc32 cells at the tested concentrations. They exhibited a low level of DPPH-scavenging activity
and chemopreventive potential at tested concentrations. The absence of any significant cytotoxicity in the oil might
be considered a positive outcome regarding its potential use as a vehicle in cosmetic products (e.g., an excipient
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in carious cream formulations) or in pharmaceutical medicinal products for external use as well as its traditional
use as a massage oil.

Abbreviations:
ARE Antioxidant Responsive Element

DPPH  2,2-Diphenyl-1-picrylhydrazyl

GC-MS Gas Chromatography-Mass Spectrometry

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
Nrf2 Nuclear factor erythroid 2-related factor 2

tBHQ  tert-Butylhydroquinone

TLC Thin Layer Chromatography

VLC Vacuum Liquid Chromatography
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