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ABSTRACT

Antidesma thwaitesianum Mull. Arg. is one of a tropical fruit
which is a good source of phenolic compounds. Here, we investigated
the in vitro radical scavenging activity and effect of chlorogenic acid
(CGA) and A. thwaitesianum fruit extract (AFE) against H202-induced
cytotoxicity in RAW264.7 macrophage cells. Chemical components
in the extract were analyzed by colorimetric method and high
performance liquid chromatography. The results exhibited that the
amount of total phenolic and total flavonoid contents in AFE were
25.486 £ 0.370 mg of gallic acid equivalents (GAE)/g extract
and 7.264 £ 0.312 mg of catechin equivalents (CE)/g extract,
respectively, while 114 ug/g crude extract CGA was detected in AFE.
AFE showed scavenging activity against ABTS and DPPH radicals, with
a 50% inhibition concentration of 11.435 £+ 0.381 and 2.063 + 0.022
mg/mL, respectively. Pretreatment with both CGA (10 pg/mL) and
AFE (400 pg/mL) significantly restored cell viability in H202-induced
cytotoxicity in RAW264.7 macrophage cells, and only CGA at the
concentrations of 5 and 10 ug/mL could protect cells from apoptosis.
In conclusion, CGA-containing AFE has potent in vitro antioxidant
activity and can increase the cell survival in H202-induced RAW264.7
macrophage cells. These results support the nutritional and medical
value of A. thwaitesianum fruit for health-promoting benefits.
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INTRODUCTION

Phenolic compound-rich fruits are good sources for health-promoting
benefits in functional foods and nutraceuticals (Yingngam et al., 2016). The
major classes of phenolic compounds found in fruits are phenolic acids,
flavonoids, stilbenes, lignans, and tannins (proanthocyanidins)(Rupasinghe
et al., 2014). Phenolic acids and flavonoids are the most abundant phenolic
compounds in the diet (60% and 30% of total dietary phenolic compounds,
respectively)(Rupasinghe et al., 2014). Hydroxycinnamic acids and
hydroxybenzoic acids are two main classes of phenolic acids, whereas
flavonoids can be divided into six groups depending on their chemical structure,
i.e. flavanones, flavones, flavonols, flavan-3-ols, anthocyanins, and
dihydrochalcones (Rupasinghe et al., 2014; Jorjong et al., 2015; Laura et al.,
2019). Fruits containing phenolic acids (caffeic, chlorogenic, p-coumaric,
ferulic, gallic, and ellagic acids), flavonols (kaempferol, quercetin, and
myricetin), and anthocyanins (pelargonidin, cyanidin, peonidin, petunidin,
malvidin, and delphinidin) exhibit beneficial effects such as antioxidant,
antibacterial, anti-inflammatory, and anticancer properties (Nohynek et al.,
2006; Koponen et al., 2007; Seeram, 2008; Rodrigues et al., 2011;
Rupasinghe et al., 2014; Jorjong et al., 2015).

Tropical fruit is one of the interesting resources for phenolic compounds.
Antidesma thwaitesianum Miill. Arg. or mamao is a plant classified in the family
Euphorbiaceae (Hansakul et al., 2015). It is widely cultivated in North-Eastern
and Northern areas of Thailand (Kemsawasd and Chaikham, 2021). Its ripe
fruit is purplish red to dark purple (Hoffmann, 1999; Hansakul et al., 2015).
Its products are commonly consumed, particularly as juice drinks, red wine,
jam, and healthy foods (Chaikham et al., 2016; Butkhup and Samappito, 2018;
Kwaw et al; 2018). Ripe fruits of A. thwaitesianum have several biological
properties, including antioxidant, anticancer, antimicrobial, anti-apoptotic,
anti-inflammatory, and hypoglycemic effects (Puangpronpitag et al., 2008;
Puangpronpitag et al., 2011; Hassakul et al., 2015; Anantachoke et al., 2016;
Pheungsomphane et al., 2019; Udomkasemsab et al., 2019; Thongchuai et al.,
2022). Large amounts of bioactive phenolic compounds have been found in
mamao cultivars, including phenolic acids (gallic acid, vanillic acid, chlorogenic
acid, caffeic acid, ferulic acid, sinapinic acid, and cinnamic acid), flavonoids
(quercetin, myricetin, (+)-catechin, and (—)-epicatechin), and anthocyanins,
especially cyanidin-3-0-glucoside, cyanidin-3-rutinoside, and malvidin (Jorjong
et al., 2015; Krongyut and Sutthanut, 2019; Natewong et al., 2022).
A previous study showed that A. thwaitesianum fruit extract exhibits cellular
antioxidant activity and cytotoxicity against human breast MCF7 and human
lung large cell carcinoma COR-L23 cells (Hansakul et al., 2015). This fruit
extract significantly reduces the production levels of pro-inflammatory
cytokines and mediators, including nitric oxide (NO), interleukin (IL)-1B, and
tumor necrosis factor (TNF)-a in RAW264.7 macrophage cells (Thongchuai
et al., 2022). It also remarkably decreases the expression of pro-inflammatory
genes such as TNF-a, IL-6, and endothelial nitric oxide synthase
(eNOS)(Udomkasemsab et al., 2018). It has been reported that the fruit
extract of A. thwaitesianum containing phenolic compounds including cyanidin,
ferulic acid, caffeic acid, vanillic acid, and protocatechuic acid has a
photoprotective effect against UVB-induced keratinocyte cell damage by
inhibiting oxidative stress and inflammation (Natewong et al., 2022).
Moreover, A. thwaitesianum seed and marc extracts exhibited the protective
effect against hydrogen peroxide (H202)-induced apoptosis in human breast
epithelial (MCF10A) cells by inhibiting poly [ADP-ribose] polymerase (PARP)
and caspase-3 cleavage, inducing the expression of anti-apoptotic Bcl-2, and
down-regulating pro-apoptotic Bax (Puangpronpitag et al., 2011). To provide
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data to support product development and applications of A. thwaitesianum fruit
for health promotion, this work aims to determine the radical scavenging
activity of A. thwaitesianum fruit extract in vitro and investigate the effect of
the extract on cell apoptosis in RAW264.7 macrophages.

MATERIALS AND METHODS

Chemicals and reagents

Folin—Ciocalteu reagent was obtained from Merck (Darmstadt, Germany).
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2 -Azino-bis (3-ethylbenzthiazoline-
6-sulfonic acid)(ABTS) diammonium salt, (+)-catechin hydrate, and butylated
hydroxytoluene (BHT) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Chlorogenic acid hydrate (> 98.0% purity) was obtained from Tokyo
Chemistry Industry (Chuo-ku, Tokyo, Japan). Thiazolyl blue tetrazolium
bromide (MTT) was purchased from AppliChem GmbH (Darmstadt, Germany).
Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine serum, streptomycin,
and penicillin were obtained from Invitrogen Gibco (Grand Island, NY, USA).
All other chemicals were analytical grade.

Plant extraction

Ripe fruits of A. thwaitesianum were collected from Phayao Province,
Thailand at 19°05"29”N, 99°48 '33”E; 515 m altitude during December 2020.
The voucher specimen (QBG No. 128865) was deposited at Queen Sirikit
Botanic Garden Herbarium, Chiang Mai, Thailand. Fruits were dried using a hot
air oven at 50 °C and then ground into powder. A 300 g sample of
A. thwaitesianum dried ripe fruit powder was mixed with 900 mL of 50% v/v
ethanol, stirred at 50 °C for 45 min and then filtered through Whatman No.1
filter paper. The filtrate was evaporated under reduced pressure at 40 °C using
a rotary evaporator connected to a water bath (EYELA, Tokyo Rikakikai Co.,
Ltd., Tokyo, Japan) and lyophilized using a freeze dryer (Labconco Corporation,
MO, USA). The A. thwaitesianum fruit extract (AFE) was stored at —20 °C.

Total phenolic content assay

The total phenolic content (TPC) was determined according to the Folin-
Ciocalteu method as described by Inboot et al. (2012) with some modifications.
Diluted AFE (10 pL) was reacted with 50 puL of a mixture of Folin-Ciocalteu
reagent and distilled water. After incubation at room temperature for 10 min,
100 pL of 7% Na2COs and 80 pL of distilled water were added and the mixture
incubated at 45 °C for 15 min. The visible absorbance at 765 nm was measured
after maintaining the sample at room temperature for 5 min. The TPC was
calculated and expressed as milligrams of gallic acid equivalents (GAE) per
gram of extract (mg GAE/g extract)(Inboot et al., 2012).

Total flavonoid content assay

The total flavonoid content (TFC) was determined according to the
aluminum chloride colorimetric method as reported previously (Inboot et al.,
2012). AFE (30 pL) was mixed with 177 pL of the reagent mixture containing
distilled water, 5% NaNO2, and 10% AICI5s.6H20 and incubated at room
temperature for 20 min. Then, 60 pL of 1 M NaOH and distilled water were
added, and the mixture kept for 5 min at room temperature. The visible
absorbance at 532 nm was determined. The TFC was calculated by calibration
curves using catechin as a standard and expressed as milligrams of catechin
equivalents (CE) per gram of extract (mg CE/g extract).
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HPLC analysis

The chlorogenic acid (CGA) present in AFE was analyzed by HPLC (Waters
€2695, separation module, Waters, USA) in gradient mode. All analyses were
performed with the temperature maintained at 40 °C on an analytical C18
column (250 mm x 4.6 mm, 3 um) (YMC-Triart C18, Japan). The injection
volume and flow rate were 10 pyL and 0.8 mL/min, respectively. Gradient
elution was performed with mobile phases A (0.1% formic acid) and B
(acetonitrile) as follows: 0-1.5 min, 10% B; 2 min, 17% B; 3 min, 20% B; 5
min, 24% B; 10 min, 35% B; and 12-20 min, 50% B. The detection wavelength
was monitored at 254 nm. The peak was identified by comparison of retention
times with the CGA standard and the spectra as well as by the spiked of
standard. Quantification of CGA was calculated using external standard curve.

ABTS radical scavenging activity

The radical cation ABTS scavenging activity of AFE or CGA was
determined according to Re et al. (1999). with some modifications. To generate
ABTS radicals, 7 mM ABTS and 2.45 mM potassium persulfate were mixed and
incubated in the dark at room temperature for 12-16 h. The ABTS stock
solution was diluted with distilled water to an absorbance of 0.70 £ 0.02 at 734
nm. Then, 20 pL of the extract was mixed with 2000 uL of the ABTS solution,
and the absorbance at 734 nm was measured after incubation in the dark at
room temperature for 6 min (Re et al., 1999). The percentage of ABTS
scavenging activity was calculated using the equation: ABTS scavenging
activity (0/0) = [(Acontrol - Asample)/AcontroI] x 100 where A indicates the
absorbance. The inhibition concentration of the extract that reduced 50% of
ABTS radical formation (ICso) was calculated using a calibration curve in the
linear range by plotting the concentration of the sample vs. the percentage of
radical scavenging activity.

DPPH radical scavenging activity

The DPPH radical scavenging activity of AFE and CGA was determined
according to the method of Phongthai et al. (2018) with some modification.
Fifty microliters of the extract were added into 200 pL of 0.1 mM DPPH solution
in ethanol. The absorbance of the reaction mixture was determined at 517 nm
after incubation in the dark at room temperature for 30 min. The percentage
of DPPH scavenging activity was calculated and ICso was determined
(Phongthai et al., 2018).

Cell viability assay

The RAW264.7 mouse macrophage cell line was purchased from the
American Type Culture Collection (ATCC® number TIB-71) and cultured in
DMEM supplemented with 10% fetal bovine serum and 100 units/mL penicillin—-
streptomycin under a humidified (95%) atmosphere of 5% CO2 at 37 °C.
The cytotoxicity of the extract or H202 to RAW264.7 macrophage cells was
determined by performing the MTT assay. The cells were plated in a 96-well
plate at a density of 2 x 104 cells/well (cell viability > 95%) for 24 h. Then the
cells were treated with various concentrations of the extract or H202 for another
24 h or pre-incubated with different concentrations of the extract for 20 h
before being exposed to 900 pM H20:2 for 4 h. MTT solution (final concentration
of 0.5 mg/mL) was added to each well and the plate incubated at 37 °C for 4
h. The supernatant was removed, formazan crystals were dissolved in DMSO,
and the absorbance was determined at 540 nm using a microplate reader
(Berthold Technologies GmbH & Co. KG, Bad Wildbad, Germany). Cell viability
was calculated as the percentage of survival cells in treated wells compared to
control wells.
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Annexin V-APC/PI apoptosis assay

The amount of apoptosis was determined with a flow cytometer using
annexin V-allophycocyanin (APC)/propidium iodide (PI) double staining.
Briefly, RAW264.7 macrophage cells were pretreated with the extract for 20 h
and were then exposed to H20:2to a final concentration of 900 pM for 4 h. Cells
were collected by centrifugation and washed twice with PBS. The cells were
resuspended in the binding buffer and stained with APC-conjugated annexin V
and PI (BioLegend, San Diego, CA, USA) in the dark at room temperature for
20 min. The fluorescence intensity of the cells was analyzed using a flow
cytometer (Beckman Coulter, Indianapolis, IN, USA). A schematic plot was
used to exhibit the results, in which the lower left quadrant represents live
cells, the upper left quadrant represents necrotic cells, and the lower right and
upper right quadrants represent early and late apoptotic cells, respectively.

Statistical analysis

All results are presented as the mean % standard deviation (SD). One-
way analysis of variance (ANOVA) with P < 0.05 was used to compare the
differences between the treatments.

RESULTS

Phytochemicals

The TPC and TFC of AFE were 25.468 £+ 0.370 mg GAE/g extract and
7.264 £ 0.312 mg CE/g extract, respectively. To identify the CGA content, the
AFE was prepared and compared with CGA standard using the HPLC method.
The standard solution was injected to confirm the retention time. The
chromatograms are shown in Figure 1(A, B) corresponding to a CGA standard
and the spiked solution of AFE, respectively, with the CGA eluted at 7.41 min.
Sharp and symmetrical peaks were obtained for CGA when analyzed under
separation conditions. The HPLC profile of AFE in Figure 1(B) shows that the
fruit extract contains many chemical components. The AFE had four peaks with
one of CGA at 7.41 min and other three peaks at 4.0, 8.7 and 9.3 min were
not identified in this study. As reported by other researchers compared the
elution profile and results from reversed phase HPLC analysis, the first peak at
4.0 min may be a small molecular organic acid or high polarity component than
CGA that contains in AFE such as gallic acid. The two strong peaks at 8.7 and
9.3 min that may be a large molecular organic acid or the component have
closed polarity to CGA such as caffeic acid, vanillic acid, catechin or epicatechin
(Jorjong et al., 2015; Poontawee et al., 2015). The linear regression equation
for the CGA wasy = 21711x — 3426.2, with a correlation coefficient of 0.999.
The results from the linear regression analysis of the data for CGA in the AFE
show a concentration of 114 ug/g crude extract.
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Figure 1. Chromatography profiles of chlorogenic acid (CGA) standard
(A) and A. thwaitesianum fruit extract (AFE) spiked with CGA standard
(B) at 254 nm.

Radical scavenging activity of chlorogenic acid and A. thwaitesianum
fruit extract

The antioxidant properties of CGA and AFE were determined using ABTS
cation and DPPH radical scavenging assays. The scavenging activity of AFE
against ABTS and DPPH radicals, represented by the ICso, was 11.435 £+ 0.381
and 2.063 £ 0.022 mg/mL, respectively. On the other hand, CGA had stronger
antioxidant properties than AFE, with an ICso of ABTS and DPPH radicals of
0.521 £ 0.001 and 0.049 = 0.001 mg/mL, respectively (Table 1). The positive
antioxidant BHT showed radical scavenging potential against ABTS and DPPH
radicals, with an ICso of 0.669 £ 0.015 and 0.418 £+ 0.006 mg/mL, respectively.
The ABTS and DPPH radical scavenging effects of BHT were stronger than AFE.
Additionally, CGA showed high potential antioxidant activity on scavenging of
DPPH radicals compared to BHT, whereas there was no significant difference
on ABTS radical scavenging.

Table 1. Antioxidant activity of chlorogenic acid and A. thwaitesianum fruit

extract.
Radical scavenging activities (ICso, mg/mL)
Samples
ABTS DPPH
AFE 11.435 + 0.3812b 2.063 + 0.0222b
CGA 0.521 + 0.001¢ 0.049 + 0.0012a<
BHT 0.669 £+ 0.015 0.418 £ 0.006

Note: Data are presented as the mean + SD (n = 3). 2 P <0.05 indicated significant differences from BHT positive control,
bc p < 0.05 within a column indicate significant differences for AFE and CGA. AFE: A. thwaitesianum fruit extract, CGA: chlorogenic
acid, BHT: butylated hydroxytoluene
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Cytotoxic effects of chlorogenic acid and A. thwaitesianum fruit extract
in RAW264.7 macrophage cells

To investigate the cytotoxicity of CGA and AFE in RAW264.7 macrophage
cells, the cells were treated with various concentrations of CGA (1-100 pg/mL)
or AFE (10-400 pg/mL) for 24 h. Cell viability was determined by MTT assay.
As shown in Figure 2A and 2B, neither CGA nor AFE had a toxic effect on
RAW264.7 macrophage cells (cell viability = 80%) and the treatment of 10%
DMSO (toxic control) reduced RAW264.7 cell viability to 12.97 £ 0.18 % (data
not shown). Therefore, 1, 5, and 10 pg/mL CGA and 100, 200, and 400 pg/mL
AFE were used as the suitable concentrations for the subsequent experiments.

@) 1204 ®) 120
100
80
60

40

% Cell viability
% Cell viability

20

0_
0 1 5 10 25 50 100 0 10 25 50 100 200 400
CGA (ng/mL) AFE (pg/mL)

Figure 2. Cytotoxicity of chlorogenic acid and A. thwaitesianum fruit
extract in RAW264.7 macrophage cells. (A) Cells were treated with various
concentrations of CGA (1-100 pg/mL) and (B) Cells were treated with various
concentrations of AFE (10-400 ug/mL). Data are presented as the mean + SD
of three independent experiments. AFE: A. thwaitesianum fruit extract, CGA:
chlorogenic acid.

Effects of chlorogenic acid and A. thwaitesianum fruit extract on H20>-
induced cytotoxicity in RAW264.7 macrophage cells

To establish the experimental model, RAW264.7 macrophage cells were
treated with different concentrations of H20> for 24 h, and the MTT assay was
evaluated. Macrophage cells, one of the main targets of pro-oxidants, play an
important role in detecting and eliminating microbial pathogens in the host
defense system (Qin et al., 2019; Li et al., 2020). Hydrogen peroxide (H202) is
a reactive oxygen species (ROS) that can rapidly penetrate cellular membranes
and may damage cells through direct oxidation of biomolecules such as lipids,
proteins, and DNA, or act as a signaling molecule to trigger intracellular
pathways leading to cell death, hence it is normally used to investigate
apoptosis or oxidative stress-induced cell injury in macrophage cells
(Holmstrém and Finkel, 2014; Wang et al., 2018; Qin et al., 2019; Li et al.,
2020). The results are presented in Figure 3; a significant decrease in cell
viability was observed after RAW264.7 macrophage cells were treated with an
increasing concentration of H202. When the concentration was greater than 400
MM, the cell viability was dramatically decreased (P < 0.05). The ICso was
determined to be 883.90 £ 96.87 uM (Figure 3A). At this point, 900 pM was
selected for the subsequent experiments. To evaluate the protective effect of
CGA and AFE against cytotoxicity induced by H202, RAW264.7 macrophage cells
were treated with 1, 5, and 10 pg/mL CGA or 100, 200, and 400 pg/mL AFE
for 20 h before treatment with 900 pM H20: for 4 h. As shown in Figure 3B and
3C, CGA and AFE reduced H202-induced cytotoxicity. In addition, pretreatment
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with CGA at the concentration of 10 ug/mL markedly restored the cell viability
as compared with H202 treatment alone (P < 0.05), while pretreatment with
AFE (400 pg/mL) could prevent this effect. The results revealed that CGA and
AFE can protect cells against H202-induced injury.
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Figure 3. Protective effects of chlorogenic acid and A. thwaitesianum
fruit extract against H202-induced cytotoxicity in RAW264.7
macrophage cells. (A) Cells were treated with various concentrations
of H202 (100-1,000 upM), (B) Cells were treated with various
concentrations of CGA for 20 h following 900 pM H20: for 4 h and (C)
Cells were treated with various concentrations of AFE for 20 h
following 900 pM H:0: for 4 h. Data are presented as the mean + SD
of three independent experiments. 2P < 0.05 compared with the control group,
bP < 0.05 compared with the H202-treated group. AFE: A. thwaitesianum fruit
extract, CGA: chlorogenic acid.

Effects of chlorogenic acid and A. thwaitesianum fruit extract on cell
apoptosis in H202-induced RAW264.7 macrophage cells

To investigate whether the cytoprotective effect of CGA and AFE against
H202 in RAW264.7 macrophage cells was associated with the inhibition of
apoptosis, annexin V/PI double staining and flow cytometry analyses were
performed in this study. The results exhibited that the ratio of early apoptosis
(annexin V-positive and PI-negative cells) and late apoptosis (annexin
V-positive and PI-positive cells) in the H202-treated group was markedly higher
than that in the negative control group (P < 0.05). Pretreatment with CGA
significantly decreased only the rate of early apoptosis in H202-treated cells
(Figure 4A and 4B), while there were no significant differences among the AFE-
treated groups (Figure 4C). On the other hand, the ratio of late apoptosis in
CGA-treated groups and AFE-treated groups did not change. The results
indicate that only CGA can prevent the transformation from the early to late
stages of apoptosis.
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Figure 4. Effects of chlorogenic acid and A. thwaitesianum fruit extract on
H20:-induced apoptosis in RAW264.7 macrophage cells. (A) Cells were stained
with allophycocyanin (APC)-conjugated annexin V and propidium iodide (PI)
for flow cytometry analysis. The lower right quadrant represents early
apoptosis (annexin V-positive and PI-negative cells), and the upper right
quadrant represents late apoptosis (annexin V-positive and PI-positive
cells) (B, C) percentages of apoptotic cells after treatment with CGA and AFE,
respectively. Data are presented as the mean + SD of three independent experiments,
3P < 0.05 compared with the control group, PP < 0.05 compared with the H>0»-treated
group. AFE: A. thwaitesianum fruit extract, CGA: chlorogenic acid.

DISCUSSION

ROS are normally generated by many redox processes in aerobic cellular
metabolism (Valko et al., 2007). Overproduction of ROS can damage biological
molecules, leading to cell death and tissue damage, and the development of
chronic diseases, including nephritis, diabetes mellitus, cardiovascular
diseases, and cancer (Alamed et al., 2009; Xu et al., 2012). However, the
oxidation of biological molecules (e.g., lipids, proteins, and DNA) can be
inhibited by antioxidants via inhibiting or eliminating the initiation or
propagation of excess free radicals (Alamed et al., 2009). Nowadays, phenolic
compounds are interesting components in functional foods and nutraceuticals
because of their strong antioxidant properties (Poontawee et al., 2015).
Interestingly, A. thwaitesianum (mamao in Thai) is one such fruit which is a
good source of phenolic acids, flavonoids, and anthocyanins. Gallic acid, vanillic
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acid, CGA, caffeic acid, ferulic acid, sinapinic acid, and cinnamic acid are the
major phenolic acids in ripe fruits (Jorjong et al., 2015). The most abundant
flavonoids detected are quercetin, myricetin, (+)-catechin, and (-)-
epicatechin, and anthocyanins, mainly cyanidin-3-O-glucoside, cyanidin-3-
rutinoside, and malvidin (Jorjong et al., 2015). The fruit of A. thwaitesianum
possesses free radical scavenging potential due to the presence of phenolic
compounds, including gallic acid, ferulic acid, caffeic acid, vanillic acid,
protocatechuic acid, and anthocyanins (Jorjong et al., 2015; Krongyot et al.,
2019; Natewong et al., 2022). Phenolic compounds exert a potent antioxidant
activity by scavenging free radicals via the electron and proton transfer on
hydroxyl groups that stabilize free radicals (Natewong et al., 2022). In this
study, we have evaluated the antioxidant potential and apoptotic effect of AFE
and CGA, one of the most available phenolic acids in A. thwaitesianum fruit.
CGA is a group of secondary phenolic metabolites that has been found in many
plants including coffee, tea, and berry fruits (Naveed et al., 2018). It is
considered a well-known antioxidant, anti-inflammatory, and anticancer agent
(Naveed et al., 2018; Han et al., 2019). It has been reported that CGA has
antioxidant activity by decreasing the generation of ROS and protecting against
H202-induced apoptosis in MC3T3-E1 osteoblast cells (Han et al., 2017). The
present study indicates that the AFE contained phenolic acids and flavonoids.
Our HPLC data demonstrated the presence of CGA in AFE (Figure 1). In
correlation with previous studies, we found that CGA-containing AFE has
scavenging activity against ABTS and DPPH radicals. The free radical
scavenging activity of AFE might be correlated with the presence of its chemical
constituents (Hansakul et al., 2015; Poontawee et al., 2015; Natewong et al.,
2022). However, the antioxidant properties of AFE were less than CGA and
positive antioxidant BHT.

Increased ROS accumulation due to oxidative stress has been recognized
as one of the mechanisms leading to apoptosis related to mitochondrial injury
(Kwon et al., 2019). During the induction of ROS-mediated apoptosis,
excessive ROS cause free radical damage to cell membrane phospholipids,
which leads to mitochondrial membrane depolarization, and results in the loss
of mitochondrial membrane potential (MMP)(Kwon et al., 2019). Subsequently,
cytochrome c is released and activate the caspase cascade for the initiation of
the intrinsic apoptosis pathway (Kwon et al., 2019). Although apoptosis is
important for normal development and homeostasis, and necessary for
removing damaged, infected, or neoplastic cells, too much apoptotic cell death
can lead to the development of many diseases such as Alzheimer’s,
Parkinson’s, and AIDS (Kannan and Jain, 2000). A previous study revealed that
activation of caspases and a decrease in the Bcl-2/Bax ratio have a critical role
in H202-induced apoptosis in RAW264.7 macrophage cells (Kwon et al., 2019).
Excessive ROS are converted to H202, which easily infiltrate cell membranes
and produce highly reactive and toxic hydroxyl radicals (*OH) through the
Fenton reaction, finally triggering macrophage death (Lin et al., 2019).
Currently, the protective effects of numerous natural antioxidants against
H202-mediated cytotoxicity have been reported (Han et al., 2017; Kwon et al.,
2019; Lin et al., 2019). The present study demonstrated that pretreatment
with CGA might improve cellular stress response in H202-induced injury in
RAW?264.7 macrophage cells, resulting in cell viability recovery and reduced
apoptosis (Figure. 3B and 4B). Additionally, AFE can increase cell survival,
while it does not attenuate apoptosis. This may be due to the presence of many
compounds in this crude AFE, which exert their effect.
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CONCLUSION

Our finding confirms that CGA-containing AFE has potent in vitro
antioxidant properties and can improve survival of H202-induced RAW264.7
macrophage cells. For safe usage and to provide supporting data in product
development and applications of this fruit extract, further studies on the cellular
protective potential and molecular mechanisms of AFE containing CGA should
be undertaken in an animal model.
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