ISSN 2630-0060 (Online) Mn3a3lnruins 1977 56 avun 1 iauuNTIAN-TnuIsn 2564 -@3\ | 37

Research article

Gac Fruit Extract Suppresses Oxidative Stress in LPS-induced RAW264.7 Cells
Kemika Praegnam, Pornpan Sukboon, Siriporn Tuntipopipat*

Institute of Nutrition, Mahidol University, Salaya, Phuthamonthon, Nakhon Pathom

ABSTRACT

Gac fruit (Momordica cochinchinensis) contains various bioactive compounds that possess
several health benefits, including antioxidant activity. The present study assessed the antioxidant effects
of ethanol-extract from ripe Gac fruit on LPS-induced murine macrophage cell line (RAW 264.7 cell). Pulp
and aril from ripe Gac fruit were collected separately, homogenized, and lyophilized. An equal weight of
dry powder pulp and aril were homogeneously mixed (Gac fruit powder). The ethanol extract of Gac fruit
powder had -carotene and lycopene of 206 and 231 Llg/g dry weight (DW), respectively; total flavonoids
of 1.5 mg Quercetin Equivalent (QE)/g DW; and phenolic compounds of 3.0 mg Gallic Acid Equivalent
(GAE)/g DW. RAW264.7 cells significantly generated reactive oxygen species (ROS) once exposed to
Lipopolysaccharides (LPS). Treatment RAW264.7 cells with 0.5 — 2.0 mg/mL of Gac fruit powder ethanol-
extract significantly suppressed LPS-induced intracellular ROS formation in a concentration-dependent
manner. Treatment with the extract protected the LPS activated stressed cells by significantly restoring
total glutathione content, superoxide dismutase, and catalase activities in LPS-induced RAW264.7 cells.
These results indicate that Gac fruit ethanol-extract exhibited moderate antioxidant effect in this cell

model.
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Introduction

Gac fruit is widely cultivated in South and
South-East Asia and is used as food and
traditional medicine in Southeast Asia'. Gac
fruits are usually harvested when the skin
becomes dark orange or red (ripe). The edible
red membrane covering the black seed or aril of
Gac fruit is reported to be the most nutritious part
containing high amounts of fatty acid and
carotenoids, including -carotene and lycopene’.
The pulp (yellow colored layer) is another edible
portion  containing lutein, [-cryptoxanthin,
zeaxanthin,  O-carotene, [-carotene, cis-
lycopene, trans-lycopene, vitamin C, vitamin E,
and some fatty acids®*. Regarding polyphenolic
content, ferulic acid and p-hydroxybenzoic acid
are predominant in pulp. Apigenin is the most
predominant flavonoid in ripe pulp, whereas the
highest contents of rutin and luteolin are found
in aril. Myricetin, a member of the flavonoid
group, and gallic acid, a phenolic compound1,
are found in all parts of Gac fruit. The
aforementioned bioactive compounds in pulp
and aril have been reported to play vital bio-
functional roles, including anti-inflammatory and
anti-oxidant effects’®.  These phytonutrients
have been shown to suppress pro-inflammatory
mediators and reactive oxygen species (ROS)
from activated macrophagesﬁ'g.

Inflammation is a physiological immune
response that defends against foreign
pathogens including lipopolysaccharide (LPS) or
damaged host tissue. Activated inflammatory
immune cells, such as macrophages and
neutrophils, secrete various pro-inflammatory
mediators and ROS via NADPH oxidases in
order to eliminate invading microorganisms or

damaged tissue during inflammatory responseg.

In addition to the inflammatory process, ROS
can be generated as byproducts of cellular
metabolism via the electron transport chain
(ETC) in mitochondria and via the cytochrome
P450. At physiological concentrations, ROS
function as signaling molecules that regulate cell
growth, the adhesion of cells to other cells,
differentiation, senescence, and apoptosism’”.
If the inflammatory process is prolonged,
overproduction of ROS adversely results in
progression  of inflammatory  associated
diseases'’. An imbalance due to higher ROS
generation than the presence of antioxidant
substances in the body causes oxidative stress,
which then leads to damage of cellular
macromolecules, including lipids, proteins, and
DNA. These oxidized macromolecules appear to
be causative factors in age-related diseases’’.
The major ROS molecules include superoxide
anion (O,*-), hydrogen peroxide (H,0,), hydroxyl
anions (OH-), hydroxyl radical (OHe), and
hypochlorous acid (HOCI)'™. Such ROS
molecules could be neutralized by endogenous
and exogenous antioxidant substances.
Antioxidants can be classified into
enzymatic and non-enzymatic agents.
Superoxide anion is rapidly dismutated to H,O,
by superoxide dismutase (SOD). Moreover,
activated macrophages also produce nitric oxide
(NO) during an inflammatory response.
Superoxide anion rapidly reacts with NO to
produce a highly reactive molecule called
peroxynitrite (ONOO-). This reaction is three to
four times faster than the dismutation of
superoxide to H,0O,. Hydrogen peroxide can be
converted to highly toxic hydroxyl radicals in the
presence of Fe®* via Fenton’s reaction. The

hydroxyl radical is the most potent oxidizing
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species that interacts with biological membrane
proteins and lipids. However, H,O, can be
converted to H,O and O, by enzyme catalase,
glutathione peroxidase (GPX), or peroxiredoxins
(Prx). Peroxiredoxins use thioredoxin (Trx) to
detoxify H,0,". Glutathione, vitamin C, vitamin
E (O-tocopherol), vitamin D, N-acetyl cysteine
(NAC), alpha lipoic acid, carotenoids, bilirubin,
and uric acid all belong to non-enzymatic
antioxidant molecules. Carotenoids are one of
the most efficient singlet oxygen quenchers and
ROS scavengers operating in the lipid bilayers
of cell membranes'®. Phenolic compounds and
flavonoids are natural antioxidants'® that are
very potent scavengers of hydroxyl and
superoxide radicals, as well as active chelators
of transient elements’""®.

A previous study found that ethanol
extract of pulp and aril from ripe Gac fruit
exhibited potent anti-inflammatory activity in the
LPS-induced murine macrophage cell line by
suppressing pro-inflammatory mediators’
production“. In addition, an in vivo study showed
that ethanol extract of aril from Gac fruit
prevented reduction of blood glutathione and
restored redox status in L-NAME induced
hypertensive rats’®. Although aril and pulp of ripe
Gac fruit are rich in carotenoids and several
phenolic compounds, the antioxidant activities in
a cell model have never been reported.
Currently, Gac fruits are consumed as a whole
fruit drink. Consequently, potential health
benefits should be assessed using the whole
fruit. The present study aims to assess the
antioxidant effect of a whole Gac fruit extract

using LPS-induced murine macrophage cell line

(RAW264.7 cells).

Material and Method

Chemicals

Fetal bovine serum was purchased from
Millipore (US Origin, EmbryoMax® ES Cell
Qualified FBS), while penicillin and streptomycin
were purchased from Invitrogen (Grand Island,

NY, USA). Dulbecco’s Modified Eagle’s Medium
(DMEM), LPS (Escherichia coli O11:B4) and B-

carotene, (l-carotene, lycopene, lutein, B-
cryptoxanthin, zeaxanthin standard were
obtained from Sigma (St. Louis, MO, USA).
Chemical and reagents were analytical and

HPLC grade.

Gac fruit preparation and extraction

Fully ripe Gac fruits (deep red colored
peel) were purchased during May-July in 2017
from three commercial farms in Nakhonpathom
province, Thailand. The edible pulp and aril
(seed membrane) were collected and
homogenized separately wusing a kitchen
blender. An equal amount of aril or pulp from
each farm was pooled and boiled in deionized
water (DI) at a ratio of 1:1 (w/v) for 20 min,
allowed to cool to room temperature (25 °C), and
then lyophilized. The moisture contents in aril
and pulp were 96.1 + 0.1% and 90.1 + 0.3%,
respectively. A dry sample was ground using a
kitchen blender. An equal weight of pulp and aril
at a ratio of 1:1 (w/w) were thoroughly mixed
(Gac fruit powder), packed in vacuum-aluminum
foil, and then stored at -20 °C until analysis.

The dried Gac fruit powder (0.02 + 0.002
g) was extracted 3 times with 10 mL of 90%
ethanol. The extracted solution was then pooled
and evaporated using a rotary evaporator (Buchi
Rotavapor-Re-124, Flawil, Switzerland) under

vacuum at 38-40 °C until dry*.
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Determination of carotenoids content by
HPLC

The dried film from Gac fruit ethanol-extract
was dissolved in 2 mL of mobile phase [methyl-
tert-butyl-ether (MtBE): methanol (MeOH) (3:1)]
and filtered through a 0.22 m
(polytetrafluoroethylene;  PTFE) membrane
followed by HPLC analysis (Waters 600
controller module with a photodiode array
detector;  Agilent 1100 series, Agilent
Technologies, Santa Clara, CA, USA). Twenty
microliters of the extracts were injected into the
HPLC system20 consisting of a reverse-phase
column C30 (YMC carotenoid 150 x 4.6 mm ID,
5um, serial no., 114FA70081, Japan) directly
connected to a C18 cartridges guard column
(Phenomenex C18, 4 x 3 mm Torrance, USA).
Carotenoids were separated by gradient elution
programs at a flow rate of 0.6 mL/min of mobile
phase solvent (98% methanol containing 2%
ammonium acetate pH 4.6 and 100% methyl
tertiary-butyl ether). Individual carotenoid was
identified by retention time and spectral
characteristic compared with known standards.
Final concentration of carotenoid was obtained
from area under the curve using a calibration
standard curve with known concentrations of
pure [-carotene, Ol-carotene, lutein, [3-
cryptoxanthin and zeaxanthin at 450 nm, and

lycopene at 470 nm.

Analysis of total phenolics and total
flavonoids content

The extract protocol for measuring total
phenolics and total flavonoid contents was
according to the method of Kubola and
Siriamornpun (2011)1. Total phenolics content

was determined by Folin-Ciocalteu reagent21.

Optical density was measured at 760 nm by
Microplate  Reader (BioTek® Instruments,
Vermont, and USA). Results were calculated
and expressed as gallic acid equivalents per
gram of dry weight (mg GAE/gDW). Total
flavonoid content was determined using
aluminium chloride colorimetric method as
previously described®. Optical density was
immediately measured at 415 nm using a
Microplate Reader. Results were expressed as
mg quercetin equivalents in 1 g of dried sample

(mg QE/gDW).

Cell culture

Murine macrophage RAW264.7 cell line
(TIB71) was purchased from American Type
Culture Collection (Bethesda, MD, USA). Cells
were cultured in a complete medium composed
of DMEM containing 10% fetal bovine serum,
100 units/mL of penicillin, and 100 pg/mL of
streptomycin, and incubated in a humidified
atmosphere of 5% CO,/ 95% air at 37 °C. Cells
were used for the experiment at 80% confluence

between passages no. 10 - 20.

Sample extraction for cell culture treatment
The dried Gac fruit powder (0.5 + 0.002
g) was extracted 3 times with 20 mL of 90%
ethanol according to the method of Sukboon et
al. (2019)4. The extracted solution was pooled
and evaporated with a rotary evaporator under a
vacuum system until dry. The dried extract film
was re-solubilized with 0.2% dimethyl sulfoxide
(DMSOQ) in phenol red and serum-free medium,
filtered through a sterile 0.2 Um filter (cellulose
acetate), and then diluted to concentrations
ranging from 0.5 to 2.0 mg/mL with 0.2% DMSO
in phenol red and serum-free medium before

adding to the RAW264.7 cell monolayer.
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Cytotoxicity test

The sulforhodamine B (SRB) assay”’ was
used to determine the non-toxic concentration of
Gac fruit ethanol-extract on the cell viability of
RAW 264.7 cells to investigate various
parameters. In brief, RAW264.7 cell monolayers

were incubated with 0.5 — 2.0 mg/mL of extracts

or 25 UM ferulic acid [a well-known antioxidant
phenolic acid24] for 1 h prior to incubation with 2
ng/mL of LPS in 0.2% DMSO (positive control)
or 0.2% DMSO in basal medium (negative
control group) for another 24 h. The stimulated
cells were measured for stoichiometric binding of
SRB dye to proteins under mildly acidic
conditions and its subsequent extraction under
basic conditions according to Vichai and
Kirtikara (2006)*. Optical density of the positive
control group was defined as 100% viability. An
acceptable viability of treatment groups should

be more than 80%.

Intracellular reactive oxygen species (ROS)
Intracellular reactive oxygen species

(ROS) levels were quantified by measuring the

oxidation level of 2', 7'-

dichlorodihydrofluorescein diacetate (DCF-DA).
After incubation with DCF-DA for 30 min, cells
were lysed with 0.5% Triton X-100 in cold
phosphate buffered saline (PBS) for 20 min, and
then cell lysate was transferred to 96 wells black
plate to immediately measure fluorescent signal
using a microplate reader at excitation
wavelength 485 nm and emission wavelength
530 nm. The fluorescent intensity was

proportionate to the ROS content®.

Determination of Glutathione level,
Superoxide dismutase and catalase (CAT)
activity

After LPS-activation, cell monolayers
were washed with ice-cold PBS, collected and
centrifuged (Hettich, Rotina 38R, Tuttlingen,
Germany) at 4,140 x g at 4 °C for 10 min. Cell
pellets were resuspended in ice-cold PBS, then
lysed on ice using an ultrasonic processor (130
Watt, 20 kHz; Sonics & Materials, Inc., Newton,
USA) for three cycles of 30 sec on/off pulsing,
and centrifuged at 4,140 g at 4°C for another 10
min. Supernatants from cell lysis were used to
measure total glutathione (GSH), superoxide
dismutase, and catalase activities. The
concentration of protein was measured by the
Bradford assay using bovine serum albumin as
a standard. Measurement of total GSH level
involves oxidation of GSH by the sulfthydryl
reagent 5,5'—dithio-bis(2-nitrobenzoic acid)
(DTNB) to form the yellow derivative 5'-thio-2-
nitrobenzoic acid (TNB). Total GSH
concentration in the samples was calculated
using linear regression of the known
concentration of the GSH standard curve (0.4-
26 nM/ml as GSH equivalent). The level of total
GSH concentration in the treated cell was

26,27
527 Results were

expressed as nM/mg protein
expressed as a percentage of the negative
control group (0.2% DMSO in basal medium).
Intracellular ~ superoxide  dismutase
(SOD) and catalase (CAT) activities were
measured according to manufacturer protocol
(Cayman Chemical, Ann Arbor, Michigan, USA).
The SOD and CAT activities were calculated
using the standard curves of the manufacturer

(the kit booklet, Item No. 706002 and 707002)

and expressed as U/mg protein and
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nmol/min/mg  protein, respectively. These
activities were expressed as a percentage of

vehicle control without LPS addition.

Data analyses

SPSS (version 19.0, SPSS Inc.,
Chicago, IL) was used to analyze the data. All
data were presented as mean % standard
deviation (SD) for at least a duplicate value for
each experiment and conducted at least two
times on different days. Statistical significance
was analyzed by one-way analysis of variance
(ANOVA) with post-hoc Tukey’s HSD for multiple
comparisons to identify mean difference among
treatment groups. Statistical significance was set

at p<0.05.

Results & Discussion

Carotenoids, phenolic and flavonoid content
in Gac fruit ethanol-extract

Dietary carotenoids, phenolic
compounds, and flavonoids exhibit several
biological activities, including antioxidant activity.
Consequently, carotenoid, total phenolic, and
flavonoid contents in Gac fruit extracts were
measured. Our preliminary study of ethanol
extract exhibited a better suppressive effect on
LPS-induced ROS production in RAW264.7 cells
than the extraction from the less polar mix
solvent (hexane: acetone: ethanol). In this study,
the bioactive compounds in Gac fruit powder
were extracted by 90% ethanol. Gac fruit
consisted of 47% of pulp and 20% of aril. The
moisture contents of fresh pulp and aril were
91.8 £ 0.2 % and 80.1 £ 0.4%, while those of
the boiled pulp and aril were 96.1 £ 0.1 and 90.1
+ 0.3, respectively. The concentrations of

[B-carotene and lycopene from the ethanol

extract of Gac fruit powder were 206 + 6.3 and
231 + 9.3 mg/g dry weight (DW), which showed
two main peaks of [-carotene and lycopene
(Figure 1). Total flavonoid and total phenolic
contents in the Gac fruit ethanol-extract were 1.5
+ 0.08 mg QE/g DW and 3.0 + 0.07 mg GAE/g
DW. B-carotene and lycopene in pulp and aril in
the present study extracted using ethanol was
lower than those reported in another study using
a different extraction solvent (methanol:
tetrahydrofuran: hexane, 1: 1: 1)28. Different
organic solvents significantly affect the
extractable amounts of [3-carotene and lycopene
in Gac fruit”®. A recent study has reported
ethanol extract from pulp and aril containing 99
and 256 mg/g DW of [3-carotene and 66 and 332
mg/g DW of lycopene, respectively. The same
study found total flavonoids of 0.21 mg QE/g DW
and total phenolic of 2.34 mg GAE/g DW in pulp
extract, while aril extract contained 2.81 mg
QE/g DW and 4.61 mg GAE/g DW, respectively.

Gac fruit is reported to be a good source
of phytochemicals that possess antioxidant
activities®. Most previous research studies have
focused on phytochemicals and antioxidant
activity of different Gac fruit fractions (peel, pulp,
aril, and seed). Currently, several commercial
products, such as fruit juice, functional drinks,
sauce, and snacks, are made of a mixture of
pulp and aril. Consequently, a mixture of aril and
pulp powder at 1:1 (w/w) was used to assess

antioxidant effect in the present study.
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Figure 1. HPLC chromatograms of carotenoids. (A) Six peaks of carotenoid standards [(1) Lutein, (2)

Zeaxanthin, (3) B-cryptoxanthin, (4) Ol-carotene, (5) B-carotene, and (6) Lycopene]. (B) Carotenoid profile

in the Gac fruit ethanol-extract.

Gac fruit extract suppresses LPS-induced
intracellular ROS formation

Although an inflammatory response is a
normal physiological immune defense, it is
important to note that an unabated longer
duration pro-inflammatory cascade may lead to
cellular injury through the excessive generation
of ROS*. Excess ROS can nonspecifically
damage almost all classes of bio-
macromolecules including lipid, protein and DNA
in living cells. Many diseases, including
atherosclerosis, diabetes, cancer, and
Alzheimer’'s disease, as well as ageing, are
attributable to oxidative damage caused by
ROS*. The present study’s results indicated that
stimulated RAW264.7 cells with LPS significantly
produced intracellular ROS up to 6 fold (3,140
arbitrarily units: AU) above the baseline (486
AU) (Figure 2) without cytotoxicity. Prior

treatment of RAW264.7 cells with the Gac fruit

ethanol-extract significantly attenuated LPS-
induced ROS formation in a concentration-
dependent manner (18%-49%) compared to
those from cells treated with LPS alone.
Moreover, the cell monolayer treated with 2
mg/mL Gac fruit extract alone did not have a

significant effect on ROS formation (Figure 2).

RAW264.7 cells treated with 25 LLM ferulic acid
also significantly reduced LPS-induced ROS
accumulation by 63% (Figure 2). Previous

studies have demonstrated that bioactive

compounds in the extract, such as, B-
carotene®, chopene34, phenolic compounds‘?"r”36
and flavonoids (myricetin®* and apigenin®®),
decreased LPS-induced intracellular ROS
production. Hence, the suppressive effect of
LPS-induced ROS formation found in this study
may arise from such bioactive substances in the

Gac fruit powder.
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Figure 2. Gac fruit extract reduces intracellular LPS-induced ROS accumulation. Cells were pretreated

with or without Gac fruit extract at 0.5-2.0 mg/mL and ferulic acid (FA) at 25 uM for 1 h before stimulating

with or without LPS (2 ng/mL) for 24 h. After stimulation with LPS, cells were collected to measure ROS

formation. Results are presented as mean %

SD (n=6). Different superscripts indicate significant

differences (p<0.05) among treatments. The error bars represent standard deviations.

Effect of Gac fruit extract on glutathione level,
SOD and CAT activity

Oxidative stress biomarkers including
glutathione (GSH) content, SOD and CAT
activities were used to assess the defensive
function of Gac fruit extract against LPS-induced
oxidative stress. Resting RAW264.7 cells treated
with 1 and 2 mg/mL of Gac fruit extract or 25 yM
ferulic acid significantly increased GSH content
by 116%, 129%, and 117%, respectively,
compared to the untreated group (negative
control = 100%) (Figure 3). RAW264.7 cells
exposed to LPS significantly reduced GSH level
by 20% (80% compared to the negative control).
Pre-treatment with 1 and 2 mg/mL of Gac fruit
extract or 25 UM ferulic acid protected LPS
induced stressed cells by significantly increasing
the GSH level up to 108%, 115%, and 105%,
respectively, compared to that of cells treated
with LPS alone (80%) (Figure 3). This result is
consistent with a previous study that found that
intragastric administration of M. cochinchinensis

aril extract prevented the reduction of blood GSH

and restored the redox status in L-N@-nitro-L-
arginine methyl ester (L-NAME) induced
hypertensive rats'®. Another report found that 5
mg/kg P-carotene supplementation prevented
ethanol-induced liver damage by the increased
GSH concentrations in rats®.

Resting RAW264.7 cells exposed to

Gac fruit ethanol-extract or 25 LM ferulic acid
did not significantly affect SOD activity.
RAW264.7 cells treated with LPS significantly
decreased SOD activity by 27 % (p<0.05)
(Figure 4A). This result agrees with a previous
study that found SOD activity in LPS treated
macrophages was lower than that observed in
resting macrophages‘m. However, pretreatment
RAW 264.7 cells with Gac fruit extract 1 and 2
mg/mL significantly increased SOD activity
relative to cells treated with LPS alone. Treated
RAW264.7 cells with 25 LM ferulic acid prior to
stimulation with LPS also significantly restored
SOD activity relative to that of cells treated with

LPS only (Figure 4A).
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Figure 3. Gac fruit extract increased glutathione (GSH) content in LPS-induced RAW264.7 cells. The

cells were pretreated with or without Gac fruit extract at 0.5-2.0 mg/mL and ferulic acid (FA) at 25 yM for

1 h before stimulating with or without LPS (2 ng/mL) for 24 h. Cell lysates were analyzed GSH level using

spectrophotometric assays. Results were expressed as the fold increase relative to the control and are

presented as mean + SD (n=6). Different superscripts indicate significant differences (p<0.05) among

treatments. The error bars represent standard deviations.

Gac fruit ethanol-extract at 2.0 mg/mL
significantly enhanced CAT activity in resting
RAW264.7 cells by 70% (Figure 4B) compared
to the negative control. However, RAW264.7
cells treated with LPS did not significantly affect
CAT activity, while pre-treatment cells with 2.0
mg/mL of the Gac fruit ethanol-extract
significantly increased CAT activity compared to
that of cells treated with LPS alone. Treated cells
with ferulic acid prior to stimulation with LPS did
not significantly affect CAT activity (Figure 4B).

Modulation of CAT and SOD activities
observed in the present study may be the effect
of lycopene and [-carotene. An in vivo study has
demonstrated that the administration of 20
mg/kg lycopene could restore CAT, SOD, and
GSH in colistin-induced nephrotoxicity in mice to
the normal range observed in the control
group‘”. Another previous study showed that
administration of 10 mg/kg of [-carotene

significantly  increased the  anti-oxidative

activities of SOD, CAT and enhanced GSH
content in acetaminophen-induced liver damage
in rats*’. Another study also showed that 30
mg/kg of [-carotene administration protected
renal tissue against ischemia/reperfusion-
induced oxidative damage in rats through
improved renal antioxidant activities of SOD,
CAT, and GSH®. Previous studies also have
shown that pretreatment with 10 mg/kg lycopene
for 6 days before the induction of liver injury
using D-GaIN/LPS in rats could restore
antioxidant enzyme activity including SOD and
CAT*. In agreement with these in vitro research
studies, a dietary supplementation study using
200 g of ripe tomatoes (cooked) daily for a
period of 60 days resulted in significant
improvements in GSH and SOD levels in the
plasma of hypertension*® and serum of coronary
heart disease patients46. However, other
phytochemicals in Gac fruits may also exert
these activities together with lycopene and [3-

carotene.
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Figure 4. Gac fruit extract activated activity of superoxide dismutase (SOD) (A), and catalase (CAT) (B)

in LPS-induced RAW264.7 cells. Cells were pretreated with or without Gac fruit extract at 0.5-2.0 mg/mL

and ferulic acid (FA) at 25 yM for 1 h before stimulated with or without LPS (2 ng/mL) for 24 h. Cell

lysates were analyzed for anti-oxidant enzyme using spectrophotometric assays. Results were expressed

as the fold increase respect to control and are presented as mean + SD (n=6). Different superscripts

indicate significant differences (p<0.05) among treatments. The error bars represent standard deviations.

Conclusions

These results indicate that Gac fruit is a
good source of phytochemicals. It modulates
antioxidant effect by decreasing ROS production
via enhancing glutathione content and restoring
superoxide dismutase and catalase activities.
However, the mechanism to modulate
antioxidant activity of Gac fruit extracts warrant

further exploration in the future.

Acknowledgements
This research was supported by Amway for
Nutrition Research Grant via the Nutrition

Association of Thailand.

Conflict of interests

No potential conflicts of interest were disclosed.

http://www.Nutritionthailand.org



48 | K@ Journal of Nutrition Association of Thailand. Vol.56, No.1, January-June, 2021

ISSN 2630-0060 (Online)

References

1. Kubola J, Siriamornpun S. Phytochemicals

and antioxidant activity of different fruit
fractions (peel, pulp, aril and seed) of Thai
gac (Momordica cochinchinensis Spreng).
Food Chem. 2011; 127(3):1138-45.

. Kubola J, Meeso N, Siriamornpun S.
Lycopene and beta carotene concentration in
aril oil of gac (Momordica cochinchinensis
Spreng) as influenced by aril-drying process
and solvents extraction. Food Res Int. 2013;
50(2):664-9.

. Le Khac Lam Dien, Nguyen Phuoc Minh,
Dong Thi Anh Dao. Investigation different
pretreatment methods and ratio of carrier
materials to maintain carotenoids in Gac
(Momordica Cochinchinensis Spreng) powder
in drying process. IJSTR. 2013; 2(12):360-71.
. Sukboon P, Tuntipopipat S, Praengam K.

Ethanol extract of aril and pulp from
Momordica cochinchinensis fruit exhibits
antiinflammatory effect in LPS-induced

macrophage RAW264.7 cells. Thai J Toxicol.
2019; 34(1):71-90.

. Saini RK, Nile SH, Park SW. Carotenoids
from fruits and vegetables: Chemistry,

analysis, occurrence, bioavailability and
biological activities. Food Res Int. 2015;
76:735-50.

. Rafi MM, Yadav PN, Reyes M. Lycopene
inhibits LPS-Induced proinflammatory
mediator inducible nitric oxide synthase in
mouse macrophage cells. J Food Sci. 2007;
72(1):S069-S74.

. Bai S-K, Lee S-J, Na H-J, Ha K-S, Han J-A,
inhibits

Lee H, et al B-Carotene

inflammatory gene expression in

10.

11.

12.

13.

14.

15.

16.

lipopolysaccharide-stimulated macrophages

by suppressing redox-based NF-KB
activation. Exp Mol Med. 2005; 37(4):323-34.
Mengoni ES, Vichera G, Rigano LA,

Rodriguez-Puebla ML, Galliano SR, Cafferata
EE, et al. Suppression of COX-2, IL—1B and
TNF-0L expression and leukocyte infiltration in
inflamed skin by bioactive compounds from
Rosmarinus officinalis L. Fitoterapia. 2011,
82(3):414-21.

Pendyala S, Natarajan V. Redox regulation of
Nox proteins. Respir Physiol Neurobiol. 2010;
174(3):265-71.
Thannickal VJ, Fanburg BL. Reactive
oxygen species in cell signaling. Am J
Physiol Lung Cell Mol 2000;

279(6):1005-28.

Physiol.

Drége W. Free radicals in the physiological
control of cell function. Physiol Rev. 2002;
82(1):47-95.

Griffith B, Pendyala S, Hecker L, Lee PJ,
Natarajan V, Thannickal VJ. NOX enzymes
and pulmonary disease. Antioxid Redox
signal. 2009; 11(10):2505-16.
Richardson A, Schadt E. The role of
macromolecular damage in aging and age-
related dsease. J Gerontol A Bio Sci Med
Sci. 2014; 69 Suppl 1:S28-32.

Mittal M, Siddiqui MR, Tran K, Reddy SP,
Malik AB. Reactive oxygen species in
inflammation and tissue injury. Antioxid
Redox signal. 2014; 20(7):1126-67.

Edge R, McGarvey DJ, Truscott TG. The
carotenoids as anti-oxidants - a review. J
Photochem Photobiol B Biol. 1997,
41(3):189-200.

Kaurinovic B, Vastag G. Flavonoids and
acids as natural

phenolic potential

http://www.Nutritionthailand.org



ISSN 2630-0060 (Online)

! o a %
mmslnmuims 07 56 a1 1Geunnnian-dguien 2564 @) | 49

17.

18.

19.

20.

21.

22.

23.

24,

antioxidants. 2019. doi/10.5772/intechopen.
83731.

Rafat Husain S, Cillard J, Cillard P. Hydroxyl
radical scavenging activity of flavonoids.
Phytochemistry. 1987; 26(9):2489-91.
Robak J, Gryglewski RJ. Flavonoids are
scavengers of superoxide anions. Biochem
Pharmacol. 1988; 37(5):837-41.

Jan-on G, Pakdeechote P, Kukongviriyapan
V, Kongsaktrakoon B, Boonla O,
Kukongviriyapan u. Alleviation of

hypertension and oxidative stress by
Momordica cochinchinensis aril extract in
rats with nitric oxide deficiency. Srinagarind
Med J. 2015; 30(3):229-35.

Failla ML, Chitchumroonchokchai C, Ishida
BK. In vitro micellarization and intestinal cell
uptake of cis isomers of lycopene exceed
those of all-trans lycopene. J Nutr. 2008;
138(3):482-6.

Ainsworth EA, Gillespie KM. Estimation of
total phenolic content and other oxidation
substrates in plant tissues using Folin—
Ciocalteu Protocol. 2007;
2(4):875-7.

Bag GC, Devi Grihanjali P, Bhaigyabati T.

reagent. Nat

Assessment of total flavonoid content and
antioxidant activity of methanolic rhizome
extract of three Hedychium species of
Manipur valley. Int J Pharm Sci Rev Res.
2015; 30(1):154-9.

Vichai V, Kirtikara K. Sulforhodamine B
colorimetric assay for cytotoxicity screening.
Nat Protocol. 2006; 1(3):1112-6.

Zhang S, Wang P, Zhao P, Wang D, Zhang
Y, Wang J, et al. Pretreatment of ferulic acid
attenuates inflammation and oxidative stress

in a rat model of lipopolysaccharide-induced

25.

26.

27.

28.

29.

30.

acute respiratory distress syndrome. Int J

Immunopathol  Pharmacol. 2018; 32:
394632017750518.

Saokosol Y, Praengam K, Sukprasansap M,
Tuntipopipat S. Antioxidant potential of
ethanol extract from orange fleshed sweet
potato murine
macrophage RAW264.7 cell line. J Nutr

Assoc Thailand. 2019; 54(1):37-54.

(lIpomoea batatas) in

Rahman |, Kode A, Biswas SK. Assay for
quantitative determination of glutathione and
glutathione disulfide levels using enzymatic
recycling method. Nat Protocol. 2006;
1(6):3159-65.

Vandeputte C, Guizon |, Genestie-Denis |,
Vannier B, Lorenzon G. A microtiter plate
assay for total glutathione and glutathione
disulfide contents in cultured/isolated cells:
performance study of a new miniaturized
protocol. Cell Biol Toxicol. 1994; 10(5-
6):415-21.

Pinthong S, Kunchit J, Tangsuphoom N,
Jittinandana S and and Nakngamanong Y.
Effect of different drying processes on
physical properties and carotenoid content
of Gac fruit (Momordica cochinchinensis
Spreng). J Food Sci Agr Tech. 2019; 5:61-
70.

Kubola J, Meeso N and Siriamornpun S.
Lycopene and beta carotene concentration
in aril oil of gac (Momordica cochinchinensis
Spreng) as influenced by aril-drying process
and solvents extraction. Food Res Int. 2013;
50(2);664-669.

Abdulgader A, Ali F, Ismail A, Esa N.
Antioxidant compounds and capacities of

Gac (Momordica cochinchinensis Spreng)

http://www.Nutritionthailand.org



50 | K@ Journal of Nutrition Association of Thailand. Vol.56, No.1,

January-June, 2021 ISSN 2630-0060 (Online)

31.

32.

33.

34.

35.

36.

37.

fruits. Asian Pac J of Trop Biomed. 2019;
9(4):158-67.

Khan M, Qurashi N, Khan M, Jabeen F,
Umar A, Yaqoob J, et al. Generation of
reactive oxygen species and their impact on
the health related parameters: A critical
review. Int J Biosci. 2016; 9:303-23.
Halliwell B, Gutteridge JMC. Role of free
radicals and catalytic metal ions in human
disease: An overview. Methods Enzymol.
1990; 186:1-85.

Bai S-K, Lee S-J, Na H-J, Ha K-S, Han J-A,
inhibits

Lee H, et al. Beta-Carotene

inflammatory gene expression in
lipopolysaccharide-stimulated macrophages
by suppressing redox-based NF-kappa-B
activation. Exp Mol Med. 2005; 37:323-34.
Zou J, Feng D, Ling WH, Duan RD.
Lycopene

suppresses  proinflammatory

response in lipopolysaccharide-stimulated
macrophages by inhibiting ROS-induced
trafficking of TLR4 to lipid raft-like domains.
J Nutr Biochem. 2013; 24(6):1117-22.
Manuja R, Sachdeva S, Jain A, Chaudhary
J. A Comprehensive review on biological
activities of p-hydroxy benzoic acid and its
derivatives. Int J Pharm Sci Rev Res. 2013;
22(2):109-15.

Bouzaiene N, Jaziri S, Kovacic H, Chekir-
Ghedira L, Luis J. The effects of caffeic,
coumaric and ferulic acids on proliferation,
superoxide production, adhesion and
migration of human tumor cells in vitro. Eur
J Pharmacol. 2015; 766:99-105.

Semwal D, Semwal R, Combrinck S, Viljoen
A. Mpyricetin: A Dietary Molecule with
Diverse Biological Activities. Nutrients. 2016;

8(90):1-31.

38.

39.

40.

41.

42.

43.

44,

45.

Ali F, Rahul, Naz F, Jyoti S, Siddique Y.
Health Functionality of Apigenin: A Review.
Int J Food Prop. 2017; 20(6):1197-238.

Lin W-T, Huang C-C, Lin T-J, Chen J, Shieh
M-J, Peng H-C, et al. Effects of B—carotene
on antioxidant status in rats with chronic
alcohol consumption. Cell Biochem Funct.
2009; 27:344-50.

Joe B, Lokesh BR. Studies on the
inactivation of superoxide dismutase activity
oxide from rat

by nitric peritoneal

macrophages. Mol Cell Biochem. 1997;
168(1):87-93.

Dai C, Tang S, Deng S, Zhang S, Zhou Y,
Velkov T, et al. Lycopene attenuates colistin-
induced nephrotoxicity in mice via activation
of the Nrf2/HO-1 pathway. Antimicrob
Agents Chemother. 2015; 59(1):579.
Morakinyo F, Bolanle I, Oyelowo O, Nnaji J.
Anti-oxidative and hepatoprotective effect of
beta-carotene on acetaminophen-induced
liver damage in rats. Biol Med. 2012;
4(3):134-40.

Hosseini F, Naseri MKG, Badavi M, Ghaffari
MA, Shahbazian H, Rashidi |. Effect of beta
carotene on lipid peroxidation and

antioxidant status following renal

ischemia/reperfusion injury in rat. Scand J
Clin Lab Invest. 2010; 70(4):259-63.

Sheik Abdulazeez S, Thiruvengadam D.
Effect of lycopene on oxidative stress

induced during d-galactosamine/
lipopolysaccharide-sensitized liver injury in
rats. Pharmaceut Biol. 2013; 51(12):1592-9.
Bose KSC, Agrawal BK. Effect of lycopene
from tomatoes

(cooked) on plasma

antioxidant enzymes, lipid peroxidation rate

http://www.Nutritionthailand.org



ISSN 2630-0060 (Online) Msmslnzwims 17 56 avuii 1 IABUUNTIAN-TOWIEY 2564 /{53\ | 51

46.

and lipid profile in grade-l hypertension. Ann
Nutr Metab. 2007; 51(5):477-81.

Bose KS, Agrawal BK. Effect of lycopene
from cooked tomatoes on serum antioxidant
enzymes, lipid peroxidation rate and lipid
profile in coronary heart disease. Singapore

Med J. 2007; 48(5):415-20.

http://www.Nutritionthailand.org



