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Ethanol Extract of Aril and Pulp from Momordica cochinchinensis Fruit Exhibits Anti-

inflammatory Effect in LPS-induced Macrophage RAW264.7 Cells

Pornpan Sukboon' Siriporn Tuntipopipat? and Kemika Praengam?”*

Master of Science Program in Nutrition, Faculty of Medicine Ramathibodi Hospital and Institute of Nutrition,
Mabhidol University, Thailand
Hnstitute of Nutrition, Mahidol University, Thailand

Abstract

Gac (Momordica cochinchinensis Spreng.) fruit contains several bioactive compounds
exhibiting multiple biological functions including anti-inflammatory activity. In the present
study, ethanol extracts of pulp and aril from gac fruit were compared for their anti-
inflammatory effects in lipopolysaccharide (LPS)-induced murine macrophage cell line
(RAW264.7 cells). Aril extract had greater amounts of B-carotene, lycopene, total flavonoids
and phenolic compounds than pulp extract. Prior treatment cell monolayer with pulp and aril
extract significantly suppressed LPS-induced NO, iNOS, COX-2, TNF-a, and IL-6
expressions (p < 0.05) by dose-dependently without a cytotoxic effect. The suppressive effect
was mediated partly by inhibiting phosphorylation and degradation of IxB-o and
phosphorylation of mitogen-activated protein kinases (p38, ERK1/2 and JNK). The aril extract
exhibited a greater anti-inflammatory effect than the pulp extract. These data support a
significant health benefit effect of gac fruit. However, this functional activities warrant further

study in both animal and humans inflicted with inflammatory-associated chronic diseases.
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Introduction

Gac (Momordica cochinchinensis)
fruit has long been consumed in Asia. The
ripe fruits have deep orange or red skin. Gac
fruits contain various bioactive compounds,
such as B-carotene, lycopene, essential fatty
acids, lutein, o-tocopherol (vitamin E),
phenolic compounds and flavonoids'~. Red
aril has been reported to contain B-carotene
five times greater than those of carrots, as
well as lycopene content eight times greater
than in tomatoes*®. The pulp of green fruits
and the aril of ripe fruits also contain
significant amounts of phenolic compounds
and flavonoids®>. Due to high carotenoid
content and other functional
phytochemicals, both aril and pulp of gac
fruits have multiple biological activities
including pro-vitamin A, antioxidant, anti-
cancer and anti-atherogenic effects’.

Chronic inflammation is proposed to
be a crucial mechanism underlying the
pathophysiology of Metabolic syndrome
(MetS)® and other chronic diseases’. A
previous study found that metabolic
syndrome patients exhibit characteristics of
a  pro-inflammatory  state!®.  During
inflammatory response, macrophages are
induced by several stimuli resulting in the
release of several pro-inflammatory
mediators, including nitric oxide (NO),
cyclooxygenase-2 (COX-2), tumor necrosis

factor alpha (TNF-a), interleukin 1B (IL-

1B), IL-6, etc.'!. Excessive expression of
such pro-inflammatory mediators
contributes in the pathogenesis of many
inflammatory diseases'> '*. NF-xB, a
master transcription factor, is a dimer
protein associated with IkB-o protein in
cytoplasm. Upon activation by inducers,
including LPS, IkB-o protein is
phosphorylated, ubiquitinated, and
subsequently degraded in the proteasomes.
Consequently, NF-xkB is released and
translocates into the nucleus and binds to
promotor regions that regulate transcription
of more than 200 genes including pro-
inflammatory mediator genes, such as pro-
chemokines,

inflammatory

COX-2, and iNOS'". Mitogen-activated

cytokines,

protein kinase, or MAPKSs, is another
pathway playing a critical role in regulating
expression of inflammatory mediators and
cytokines induced by inducers that
modulate  severity of inflammatory
diseases'®. Consequently, both NF-xB and
MAPK pathway are important molecular
targets for the development of potential
anti-inflammatory agents.

Several pure bioactive compounds,
such as  B-carotene!’,  lycopene!’,
flavonoids'® and phenolic compounds'® are
reported to have anti-inflammatory effects
in vitro and in vivo. Due to the high content

of such compounds in gac fruit pulp and

aril, the present study aimed to assess anti-
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inflammatory activity of extracts from gac
fruit pulp and red aril in LPS-induced
murine macrophage cell lines (RAW264.7
cells)

Materials and methods

Chemicals

Dulbecco’s Modified Eagle’s Medium
(DMEM), LPS (Escherichia coli O11:B4),
anti-B-actin—conjugated HRP, and species-
specific HRP  conjugated secondary
polyclonal antibodies were purchased from
Sigma (St. Louis, MO, USA). Fetal bovine
serum was purchased from Millipore (US
Origin, EmbryoMax® ES Cell Qualified
FBS). Penicillin and streptomycin were
obtained from Invitrogen (Grand Island,
NY, USA). Primary antibodies against
iNOS (Abcam, Cambridge, UK), COX-2,
phospho-p38, total p38, phospho-JNK,
total INK, phospho-ERK1/2, total ERK1/2,
phospho-IkB, and total IkB were purchased
from Cell Signaling Technology (Danvers,
MA, USA). Chemical and reagents were
analytical and HPLC grade.

Preparation of dry sample

M. cochinchinensis (gac fruit) was
purchased from three representative farms
in Kamphaengsaen district, Nakhonpathom
province of Thailand. The skin was peeled
and the pulp and aril (seed membrane) were

carefully separated and homogenized using

a kitchen blender. An equal amount from
each farm was pooled prior to boiling in
deionized water (DI) at a ratio 1:1 (w/v) for
20 min and let cool to room temperature and
then lyophilization. The dry sample was
ground using a kitchen blender, packed in
vacuum-aluminum foil, and kept at -20 °C

until analysis.

Analysis for carotenoids

Dried samples of 0.02 g were
suspended with 1 mL DI and homogenized
by Vibra cell™ Ultrasonic Liquid
Processor on ice. Further extraction
protocol was added with 9 mL of absolute
ethanol (90% final concentration) or 10 mL
of hexane:acetone:ethanol (2:1:1)? to obtain
different types of active compounds and
thoroughly mixed for 1 min and sonicated
for 10 min and then centrifuged at 4,140 g
for 10 min at 25°C. The supernatants were
combined and solvent was evaporated to
dryness. The residue was re-solubilized in 2
mL of the mobile phase and filtered through
a0.22 ym PTFE membrane prior to analysis
by HPLC. Carotenoids were separated by a
C30 reverse-phase  column (YMC
carotenoid 150 x 4.6 mm ID, Sum, Serial
No., 114FA70081, Japan) with a CI18
cartridges guard column (Phenomenex
C18, 4 x 3 mm, Torrance, USA). The
mobile phase consisted of a mixed solvent

of 98% methanol containing 2%
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ammonium acetate pH 4.6 and 100%
methyl tertiary-butyl ether. The carotenoids
content was separated by gradient elution
programs at a flow rate of 0.6 mL/min with
an injection volume of 20 pL and the
absorbance was read at 450 and 470 nm as

previously described?’.

Analysis of total phenolics and total
flavonoids content

The extract sample was modified
from a previous protocol®. A dry sample of
0.5 g was suspended with 2 mL DI and
homogenized by Vibra cell™ Ultrasonic
Liquid Processor on ice and then 18 mL of
absolute ethanol added (90% final
concentration) was added and shaken on an
orbital shaker at 25 °C for 2 h. The mixture
was centrifuged at 1,400 g for 20 min and
the supernatant was transferred into an
amber vial. Total phenolics and total
flavonoid contents were measured in the
supernatant.

1. Determination of total phenolics

content

The total phenolics content was
determined by wusing Folin-Ciocalteu
reagent’!. Briefly, 25 uL of extract,
standard (gallic acid) or DI (blank), were
added into a clear 96-well plate; 50 pL of
diluted Folin-Ciocalteu reagent (dilute with
deionized water 1:10) was added and

allowed to stand at 25 °C for 5 min and then

200 pL of 7.5% Na2COs solution was added
into each well and incubated at 25 °C for 2
h. Absorbance was measured at 760 nm by
Microplate Reader (BioTek® Instruments,
Vermont, and USA). The total phenolic
content of the extracts was calculated and
expressed as gallic acid equivalents per
gram of dry weight (mg GAE/gDW).
2. Determination of total flavonoids
content
Total flavonoids content was
determined by wusing the Aluminium
chloride colorimetric method??. Briefly, 25
uL of the extract or standard quercetin or DI
was added into each well of a 96-well plate
and then 75 pL 90% ethanol, 5 pL of 10%
aluminium chloride solution, 5 pL of 1M
potassium acetate solution and 140 puL DI
were added to each well. Sample blank of
extract and standard quercetin were
performed in the same procedure by
replacing aluminium chloride solution with
DI. The absorbance was immediately
measured at 415 nm using a Microplate
Reader (BioTek® Instruments, Vermont,
and USA). Results were expressed as mg

quercetin equivalents in 1 g of dried sample

(mg QE/g).

Sample extraction for cell culture
treatment
Dried samples of 0.5 g were

suspended with 2 mL DI and homogenized
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by Vibra cell™ Ultrasonic Liquid
Processor on ice. Absolute ethanol 18 mL
was added (90% final concentration) and
thoroughly mixed for 1 min, sonicated for
10 min and then centrifuged at 4,140 g for
10 min at 25°C. The supernatant was
transferred to an amber round bottomed
flask. The sample was further extracted 3
times with 20 mL of 90% ethanol. The
combined supernatant was evaporated to
dryness before being kept in -20°C until
use. The dried extract was re-solubilized
with 0.2% Dimethyl sulfoxide (DMSO) and
further  diluted to a  designated
concentration with phenol red and serum
free medium and filtered through a sterile
0.2 pum filter (cellulose acetate) prior to

addition to the RAW264.7 cell monolayer.

Growth and activation of cells

Murine macrophage RAW264.7
cells were grown in DMEM supplemented
with 10% fetal bovine serum, 15 mM N-(2-
hydroxyethyl)
ethanesulfonic acid), 100 U/mL of

piperazine-N'-(2-

penicillin, and 100 pg/mL of streptomycin
at 37 °C in humidified atmosphere of 5%
C0O2/95% air. Cells were used for
experimentation between passages 10 and
20. Cells (7.5 x 10° cells/mL) were seeded
for 24 h and incubated with extract for 1 h
prior to co-culture with LPS (2 ng/mL) in

serum-free medium for another 24 h.

Cell viability

Cytotoxic doses were determined by
sulforhodamine B assay (SRB)*. In brief,
pretreated cell monolayer with or without
extract prior to stimulation with LPS for 24
h were washed with phosphate buffered
saline (PBS) and fixed with cold
trichloroacetic acid at 4 °C for 2 h. Cell
monolayers were stained with SRB in
acetic acid for 20 min and solubilized with
Tris-hydro-methyl-aminomethane at pH
10. Absorbance at 500 nm was measured,
with absorbance of the vehicle control

defined as 100% viability.

Nitric oxide measurement

NO level was assayed by measuring
the levels of nitrite. Cell monolayers were
treated with or without non-toxic doses of
pulp or aril extracts or 25 uM ferulic acid (a
well-known anti-inflammatory phenolic
acid®*) for 1 h prior to stimulation with LPS
for 24 h. The spent media were collected to
measure nitrite concentrations using the
Griess reaction by adding 100 pL of Griess
reagent (0.1% naphthyl-ethylene-diamide
dihydrochloride in H2O and 1%
sulfanilamide in 5%  concentrated
phosphoric acid) to 100 pL of sample.
Nitrite concentration was calculated by

comparison with sodium nitrite standard.
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Measurement of cytokines

TNF-o and IL-6 in monolayer-
treated culture medium were determined by
a quantitative “sandwich” ELISA using
paired  antibodies
Peprotech Inc. (Rocky Hill, NJ, USA) and
Biolegend Inc. (San Diego, CA, USA),

purchased  from

respectively. In brief, high-binding plates
(NUNC, Roskilde, Denmark) were coated
with capture antibody for mouse TNF-a and
IL-6 overnight at 25 °C. Excess antibodies
were washed and blocked unbinding sites
with 1% bovine serum albumin (BSA) in
PBS for 1 h at 25 °C. After washing excess
materials, culture medium or recombinant
mouse TNF-a and IL-6 standards were
added to bind with captured antibodies for
2 h at 25 °C prior to addition of biotinylated
TNF-a and IL-6 antibodies to each well.
After 1 h incubation at 25 °C, the immune
complex was detected using a streptavidin
HRP—tetramethylbenzidine detection
system incubated for 30 min at 25 °C.
Reactions were terminated with H2SO4 and
absorbance at 450 nm was determined
using a microtiter plate reader (BioTek®
Vermont, USA).
Concentrations of TNF-a and IL-6 in

Instruments,

samples were calculated by comparing

absorbance with their standard curves.

Western blot analysis
Treated cell monolayers were

washed twice with ice-cold PBS, and

resuspended in ice-cold lysis buffer [50
mM Tris-HCI, pH 7.4, 150 mM NaCl, 1
mM ethylenediaminetetra-acetic acid, 1%
Triton X-100, 0.1% sodium dodecylsulfate,
50 mL of sodium fluoride, 10 mM sodium
pyrophosphate, 0.5% protease inhibitor
cocktail (Sigma), 1% phosphatase inhibitor
(Bio basic; Markham ON, Canada)] for 30
min at 4 °C. Cell lysate was collected after
centrifugation at 13,500 x g at 4 °C for 5
min. Protein content was determined by a
bicinchoninic acid assay using BSA as a
standard.  Samples (40-80 pnpg of
protein/well) were separated by 8% (for
detection of iNOS and COX-2 protein) or
10% (MAPKs and IkB-a protein) SDS-
PAGE and transferred onto nitrocellulose
membranes (Merck-Millipore).
Membranes were washed 3 times using
Tris-buffered saline containing 0.1%
Tween 20 (TBST) and blocked with 5%
non-fat dry milk in TBST for 1 h. After
washing, membranes were incubated with
specific primary antibody diluted with 5%
BSA in TBST overnight at 4 °C. After
washing, membranes were reacted with
horseradish peroxidase (HRP)-conjugated
secondary antibody for 2 h. After five
washes, membranes were incubated with
Super Signal solution (Endogen) for 5 min
and exposed to X-ray film. The same
membranes were then stripped of bound

antibody and re-probed with anti—f-actin or



N3anssInenlny 2562 ; 34(1) : 71-90

78

anti-total MAPK protein to assess the equal
loading protein. The density of target bands
was quantified by Image J software. Results
are expressed as relative ratios of band
density between the protein of interest and

B-actin.

Statistical analysis

Statistical analysis was performed
using SPSS 19.0 (SPSS Inc., Chicago, IL,
USA). Data were presented as mean + SD.
The mean values were calculated from at
least three separate experiments conducted
on separate days. Statistical differences
were determined by one-way analysis of
variance followed by Tukey’s Test for
multiple comparisons of group means.

Statistical significance was set at P < 0.05.

Results

As shown in Table 1, the ethanol
extract of pulp contained 98 and 66 ug/g
dry weight of [B-carotene and lycopene,
while those of aril were 2.6 times and 5
times greater than those of pulp extract,
respectively. The hexane/acetone/ethanol
extract of pulp contained 122 and 94 ng/g
dry weight of B-carotene and lycopene,
while those of aril extract had [-carotene
and lycopene had 4.8 times and 23 times of
pulp extract, respectively. Anti-
inflammatory activity of ethanol and

hexane/acetone/ethanol extract was

compared in LPS-induced NO and TNF-a
production by RAW264.7 cells. According
to the ICso of NO and TNF-a., the ethanol
extract from pulp and aril exhibited much
better anti-inflammatory activity than those
of hexane/acetone/ethanol extract, although
hexane/acetone/ethanol extract had higher
B-carotene and lycopene than ethanol
extract (Table 1). Consequently, only
ethanol extracts_of pulp and aril were used
to assess their anti-inflammatory activity in

the present study.

Pulp and aril extract decreases NO
production and iNOS expression
Pretreatment of RAW264.7 cells with
0.5-2.0 mg/mL pulp or aril extracts dose
dependently decreased LPS-induced NO
production by 22%-70% and 33%-89%,
respectively, without exerting cytotoxicity
(data not shown), while 25 uM ferulic acid
treated cell monolayer decreased NO
production by 65% (Figure 1A-1B). NO is
the product of enzyme inducible nitric
oxide synthases (iNOS). As expected, the
INOS protein expression was significantly
increased after stimulation by LPS (Figure
1C-1D). Prior treatment cell monolayer
with pulp or aril extract inhibited LPS-
induced iNOS protein expression by 7%-
42% and 5%-57%, respectively, while
ferulic acid treated cells decreased LPS-

induced iNOS expression by 49%. These
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results indicated that both pulp and aril but the aril extract showed a greater

extract decreased NO production via inhibitory effect than the pulp extract.

suppression of iNOS protein expression,

Table 1. Carotenoids, flavonoids, total phenolic content, ICso NO and ICso TNF-a of 90%
ethanol (EtOH) and Hexane/acetone/EtOH extracts from pulp and aril

Pulp Aril
Parameter 90% EtOH Hexane/acetone/EtOH 90% EtOH Hexane/acetone/EtOH
B-carotene (ng/g)’ 98.64 + 5.04 121.89 £ 5.10 256.13 £12.02 594.42 +3.73
Lycopene (ug/g) 65.72 £ 1.56 93.53+£1.82 331.88+6.33 2153.02 £8.16
Total flavonoids (mg/g)' | 0.21 +0.01 - 2.81+0.14 -
Total phenolic (mg/g) 2.34+0.14 - 4.61 £0.17 -
ICs0 NO (mg/mL)> 1.43 £0.02 11.92 £ 0.04 0.86 £0.02 6.86 £ 0.02
ICso TNF-a (mg/mL) 1.91 £ 0.01 10.93 £ 0.12 1.14 £ 0.02 5.78 £0.25

! microgram or milligram per gram dry weight (meantSD; n=3)
2 IC50 represents the concentration of the extract required to decrease 50% of LPS-induced NO and TNF-a.
production by RAW264.7 cell monolayer treated with LPS only.
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Figure 1. Pulp and aril extracts decrease NO production and iNOS expression in LPS-activated
murine macrophages. Cell monolayers were pretreated with 0.5-2.0 mg/mL of pulp (A,C) or
aril (B,D) extracts or 25 uM ferulic acid (FA) or DMSO prior to incubation with/without LPS
for 24 h as described in materials and methods. Culture media were collected to determine
nitrites (A and B). Lysates from treated cells were analyzed for iNOS and [-actin protein by
immunoblot. Results are expressed as ratios of band intensity of iNOS to B-actin protein (C
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and D). Data are means = SD of three replicate experiments. Values with no common letters

are significantly different from each other (p < 0.05).

Pulp and aril extract attenuates LPS-
mediated increases in expression of COX-
2, IL-6 and TNF-a

Treating RAW264.7 cell monolayer
with pulp or aril extracts prior to co-
incubation with LPS dose-dependently
inhibited COX-2 protein expression by 9%-
67% and 9%-83%, respectively, while
ferulic acid strongly suppressed LPS-
induced COX-2 expression (Figure 2).
Likewise, LPS stimulated RAW?264.7 cells
to secrete IL-6 in culture medium from a
basal level of 16 pg/mL up to more than 500
pg/mL (Figure 3). Pretreating RAW264.7
cells with the pulp or aril extract or ferulic
acid significantly decreased IL-6 secretion
by 65%-80% and 71%-94% and 72%,
respectively, (Figure 3A-3B). As expected,
TNF-a significantly increased in cells
exposed to LPS (Figure 3C-3D).
Pretreatment with the pulp or aril extract or
ferulic acid significantly decreased TNF-a
secretion by 13%-52% and 28%-70% and
68%, respectively. Similar to the effect on
NO and iNOS, the aril extract had a greater
potency to suppress COX-2, IL-6 and TNF-

o than the pulp extract.

Pulp and aril extract inhibits
phosphorylation and degradation of IxB-
a

LPS significantly induced
phosphorylation of IkB-a in RAW264.7
cells (Figure 4A-4B). Pretreatment of
RAW264.7 cells with the pulp, aril extract
and ferulic acid significantly attenuated
LPS-mediated phosphorylation of [kB-a by
9%-53%, 17%-72% and 43%, respectively
(Figure 4A-4B). LPS significantly induced
IkB-o degradation (Figure 4C-4D). The
pulp, aril extract and ferulic acid inhibited
degradation of IkB-o in a dose dependent

manner (Figure 4C-4D).

Pulp and aril extract suppresses MAPK
signaling pathway activation

MAPKSs, namely p38, ERKI1/2 and
JNK are activated by LPS in macrophages
and many other cell types. Compared to the
control cells, LPS increcased the
phosphorylation of p-38, ERK 1/2 and
JNK, while total forms did not alter (Figure
5A-5F). Phosphorylation of p-38 was
inhibited in RAW264.7 cells pretreated
with the pulp and aril extracts and ferulic
acid by 4%-37%, 17%-68% and 38%,
respectively (Figure SA-5B) As expected,

the pulp and aril extracts and ferulic acid



NsansEInenlne 2562 ; 34(1) : 71-90

81

suppressed LPS-induced phospho-JNK by
5%-24%, 11%-43% and 34%, respectively
(Figure 5C-5D). In addition, LPS-mediated
phosphorylation of ERK1/2 was suppressed
by 12%-42%, 14%-80% and 46%,
respectively (Figure SE-5F). Similarly, the

aril extract showed a better suppressive
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Sample DMSO DMSO 0.5 1.0 2.0 2.0 FA
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COX-2/p-actin ratio

effect on MAPKs phosphorylation than the
pulp extract. Consequently, the extract
suppressed LPS-induced pro-inflammatory
mediator production partly by blocking
phosphorylation of the three MAPK

proteins.

COX-2 e s — (B)

e
n

0.0 -

Sample DMSO DMSO 0.5 1.0 2.0 2.0 FA

LPS - + + o d + - +

Figure 2. Pulp and aril extracts decrease COX-2 expression in LPS-activated murine
macrophages. Cell monolayers were pretreated with 0.5 -2.0 mg/mL of pulp (A) or aril (B)
extracts or 25 uM ferulic acid (FA) or DMSO prior to incubation with/without LPS for 24 h.
Lysates from treated cells were analyzed for COX-2 and B-actin protein by immunoblot.
Results are expressed as ratios of band intensity of COX-2 to -actin protein. Data are means
+ SD of three replicate experiments. Values with no common letters are significantly different

from each other (p < 0.05).
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Figure 3. Pulp and aril extracts suppress IL-6 and TNF-a production by LPS-activated murine
macrophages. Cell monolayers were pretreated with 0.5 -2.0 mg/mL of pulp (A,C) or aril (B,D)
extracts or 25 uM ferulic acid (FA) or DMSO prior to incubation with/without LPS for 24 h.
Culture media from treated cells were collected to measure (A,B), IL-6 (A,B) and TNF-a
(C,D) by ELISA. Data are means + SD of three replicate experiments. Values with no common
letters are significantly different from each other (p < 0.05).
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Figure 4. Pulp and aril extracts attenuate IxB-a activation in LPS-activated murine
macrophages. Cell monolayers were pretreated with 0.5 -2.0 mg/mL of pulp (A,C) or aril (B,D)
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extracts or 25 uM ferulic acid (FA) or DMSO prior to incubation with/without LPS for 24 h.
Cell lysates from treated cells were analyzed for phospho-IkB-a and -actin (A,B) or total IkB-
a and B-actin (C,D) by immunoblot. Results are expressed as intensity bands of phospho-IkB-
o/B-actin and total IkB-0/B-actin ratios. Data are means = SD of three replicate experiments.
Values with no common letters are significantly different from each other (p < 0.05).
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Figure 5. Pulp and aril extracts inhibit phosphorylation of p38, JNK and ERK expression by
LPS-activated murine macrophages. Cell monolayers were pretreated with 0.5 -2.0 mg/mL of
pulp (A,C,E) or aril (B,D,F) extracts or 25 uM ferulic acid (FA) or DMSO prior to incubation
with/without LPS for 24 h. Cell lysates from treated cells were analyzed for phospho-p38 and
total p-38 (A,B) or phospho-JNK and total JNK (C,D) or phospho-ERK1/2 and total ERK1/2
(E,F) by immunoblot. Results are expressed as intensity bands of phospho-p38/p-38, phospho-
JNK/JINK and phospho-ERK/ERK ratios. Data are means + SD of three replicate experiments.
Values with no common letters are significantly different from each other (p < 0.05).
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Discussion

The present study found
hexane/acetone/ethanol extract from aril
had a greater content than pulp which is
consistent with those reported in other
studies>>. The hexane/acetone/ethanol
extract had much higher contents of -
carotene and lycopene than ethanol extract,
but the ethanol extract showed a greater
anti-inflammatory activity in LPS-induced
NO and TNF-a production than the
hexane/acetone/ethanol extract (Table 1).
This finding implies other hydrophilic
compounds in 90% ethanol extract had a
stronger anti-inflammatory effect than
compounds in hexane/acetone/ethanol.
Many previous in vivo and in vitro studies
have reported health benefits of pulp and
aril, such as provitamin A activity?,
antioxidant®, anti-mutagenicity?’,
anticancer activity”®, hypoglycemic effect®
and lower blood pressure activity®’.
However, the anti-inflammatory effect of
pulp and aril from gac fruit has never been
reported. Hence, the present study assessed
anti-inflammatory activity extract from
pulp and aril in LPS induced murine
macrophage cell lines (RAW 264.7 cells).
The results demonstrated that ethanol
extract of pulp and aril from gac fruits
exhibited strong anti-inflammatory effect in
LPS-stimulated macrophage cell line.

However, the aril extract had a greater anti-

inflammatory effect than the pulp extract
which may be due to its higher content of
carotenoids, total flavonoids and total
phenolic content (Table 1). Both pulp and
aril extracts significantly suppressed LPS-
induced NO production via attenuate
protein expression of iNOS (Figure 1). In
addition, both extracts significantly
suppressed LPS-induced COX-2, TNF-a
and IL-6 production in a dose dependent
manner (Figure 2-3).

Excess NO level can cause
deleterious indirect effects through the
formation of reactive nitrogen species
(RNS), in particular peroxynitrite anion
(OONO-) during oxidative stress status’!.
Peroxynitrite has a highly oxidative
potential to trigger cytotoxic processes,
such as lipid peroxidation, and DNA
damage leading to tissue damage and
inflammation®?.  Upregulate =~ COX-2
expression has been reported to increase
risk of tumor recurrence, advanced cancer
stage, and/or poor prognosis of several
types of cancers including breast cancer and
colon cancer®®. Collective data from 18
independent laboratories analysis reported
that 44% of atypical hyperplasia, 65% of
DCIS, 57% of invasive cancer and 87% of
metastatic cancer had high expression of
COX-2*. Suppression of NO level and
COX-2 expression may delay progression
of carcinogenesis. A previous study found

that prolonged exposure of normal human
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ovarian epithelial cells with TNF-a
demonstrated a precancerous-like
phenotype with structural and functional
changes, such as tissue disorganization,
epithelial polarity loss, cell invasion, and
upregulate of cancer markers expression®.
IL-6 plays a key role in promoting
proliferation and inhibition of apoptosis of
malignant cells by activating the
JAK/STAT signaling pathway of the Janus
kinases (JAK) and signal transducers and
activators of transcription (STATs) STAT1
and STAT3%¢. The prevention of
inflammatory disorders by blocking TNF-a
and IL-6 may be an effective strategy for
the treatment of cancer expression.

NF-«B is highly activated at sites of
inflammation in diverse diseases such as
rheumatoid arthritis, inflammatory bowel
diseases, multiple sclerosis, psoriasis, and
asthma®’. The present study showed that
both pulp and aril extract were able to
inhibit the LPS-induced phosphorylation
and degradation of IxB-a resulting in lower
transactivation of NF-«kB (Figure 4). Hence,
the inhibition of the NF-kB pathway
activation partly explains the potent activity
of pulp and aril extracts as suppressors of
inflammatory mediators and cytokines in
the present study. In addition to the NF-xB
pathway, MAPKs is another pathway
playing a critical role in regulating

expression of inflammatory mediators and

cytokines induced by inducers including
LPS which modulate severity of
inflammatory diseases'>. Pulp and aril
extract significantly suppressed the LPS-
induced phosphorylation of the three
MAPKSs, suggesting that suppression of the
MAPK signal pathway might contribute to
the anti-inflammatory effects of pulp and
aril  extract in the LPS-induced
inflammatory response of RAW 264.7
cells.

[-carotene and lycopene have been
shown to suppress pro-inflammatory
mediator production in vivo and in vitro. A
previous study found that [-carotene
significantly inhibited NO, IL-18, IL-6, and
MCP-1 production via suppression on
MAPKs and NF-xkB activation in
Pseudorabies virus infected RAW264.7
cells®®. Lycopene inhibited LPS-induced
production of NO, iNOS and IL-6
expression by inhibited LPS-induced IxB
degradation and phosphorylation and NF-
kB translocation®.  Another  study
confirmed that pretreated pure lycopene
significantly inhibited LPS-induced mRNA
expression of TNF-a, IL-1B3, IL-6, iNOS,
and COX-2 in SW480 human colorectal
cancer cells. In addition to B-carotene and
lycopene, several studies have
demonstrated  the  anti-inflammatory

activities of dietary flavonoids and

polyphenolic compounds in vivo and in
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vitro'® %, Some phenolic compounds can
downregulate NF-xkB in inflammatory
pathway or up-regulate Nrf-2 of antioxidant
pathways*!.  Several anti-inflammatory
mechanisms of flavonoid have been
proposed, such as antioxidant activity,
inhibition of eicosanoid  generating
enzymes or the modulation of the
production of pro-inflammatory gene
expression leading to attenuation of the
inflammatory response*?. Anti-
inflammatory effects in the present study
may derive from [-carotene, lycopene,
phenolic compounds and flavonoids in the

pulp and aril extract.

Conclusion

The present data indicate that pulp
and aril of gac fruits had anti-inflammatory
activity by modulate via inhibition of the
NO/iNOS pathway, as well as via inhibition
of the production of pro-inflammatory
cytokines, including TNF-a and IL-6.
These effects were mediated partly through
the inhibition of IxB phosphorylation and
degradation through blocking of the
MAPKSs signaling pathway in LPS-induced
murine macrophages. Due to their multiple
healthy benefits including anti-
inflammation, gac fruit pulp and aril are
suitable for addition to dietary products to
develop  healthy  products. Regular

consumption of gac fruits may be useful for

preventing inflammatory diseases. Further
studies in animals and humans are also

warranted in this regard.

Conflict of interest
No potential conflicts of interest

were disclosed

Acknowledgements

This research was supported by
Amway for Nutrition Research Grant via
Nutrition Association of Thailand. The
authors would like to thank Mr. George A.
Attig and Ms. Christine at the Institute of
Nutrition, Mahidol University for their
helpful commentary during manuscript

preparation.

References

1. Ishida BK, Turner C, Chapman MH,
McKeon TA. Fatty acid and carotenoid
composition of gac (Momordica
cochinchinensis Spreng) fruit. J Agric
Food Chem 2004;52(2):274-9.

2. 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.

3. Tran XT, Parks SE, Roach PD,
Golding JB, Nguyen MH. Effects of
maturity on physicochemical

properties of Gac fruit (Momordica



NsansEInenlne 2562 ; 34(1) : 71-90

87

cochinchinensis Spreng.). Food Sci
Nutr 2015;4(2):305-14.

Mangels AR, Holden JM, Beecher GR,
Forman MR, Lanza E. Carotenoid
content of fruits and vegetables: an
evaluation of analytic data. J Am Diet
Assoc 1993;93(3):284-96.

Singh G, Kawatra A, Sehgal S.
Nutritional composition of selected
green leafy vegetables, herbs and
carrots. Plant Foods Hum Nutr
2001;56(4):359-64.

Aoki H, Kieu NT, Kuze N, Tomisaka
K, Van Chuyen N. Carotenoid
pigments in GAC fruit (Momordica
SPRENG).

cochinchinensis Biosci

Biotechnol Biochem
2002;66(11):2479-82.

Chuyen HV, Nguyen MH, Roach PD,
Golding JB, Parks SE. Gac fruit
(Momordica cochinchinensis
Spreng.): a rich source of bioactive
compounds and its potential health
benefits. Int J Food Sci Technol

2015;50(3):567-77.

Esposito K, Giugliano D. The
metabolic syndrome and
inflammation: association or

causation?. Nutr Metab Cardiovasc
Dis 2004;14(5):228-32.

Nasef NA, Mehta S, Ferguson LR.
Susceptibility to chronic
inflammation: an update. Arch Toxicol

2017;91(3):1131-41.

10.

11.

12.

13.

14.

15.

16.

17.

Hotamisligil GS. Inflammation and

metabolic disorders. Nature
2006;444(7121):860-7.

Chawla A, Nguyen KD, Goh YP.
Macrophage-mediated inflammation
in metabolic disease. Nat Rev Immunol
2011;11(11):738-49.

Sharma P. Inflammation and the
metabolic syndrome. [Indian J Clin
Biochem 2011;26(4):317-8.

Du Y, Esfandi R, Willmore WG,
Tsopmo A. Antioxidant Activity of
Oat Proteins Derived Peptides in
Stressed Hepatic HepG2  Cells.
Antioxidants 2016;5(4).

Tak PP, Firestein GS. NF-kappaB: a
key role in inflammatory diseases. J
Clin Invest 2001;107(1):7-11.
Kaminska B. MAPK signalling
pathways as molecular targets for anti-
inflammatory therapy—from
molecular mechanisms to therapeutic
benefits.
Proteins Proteom 2005;1754(1):253-
62.

Bai SK, Lee SJ, Na HJ, Ha KS, Han

JA, Lee H, et al. beta-Carotene inhibits

Biochim  Biophys Acta

inflammatory gene expression in
lipopolysaccharide-stimulated
macrophages by suppressing redox-
based NF-kappaB activation. Exp Mol
Med 2005;37(4):323-34.

Campos KKD, Araujo GR, Martins

TL, Bandeira ACB, Costa GP, Talvani



N3anssInenlny 2562 ; 34(1) : 71-90

88

18.

19.

20.

21.

22.

A, et al. The antioxidant and anti-
inflammatory properties of lycopene in
mice lungs exposed to cigarette smoke.
J Nutr Biochem 2017;48:9-20.
Gonzalez R, Ballester 1,

Posadas R, Suarez MD, Zarzuelo A,
Martinez-Augustin O, et al. Effects of

Lopez-

flavonoids and other polyphenols on
inflammation. Crit Rev Food Sci Nutr
2011;51(4):331-62.

Ambriz-Pérez DL, Leyva-Lopez N,
Gutierrez-Grijalva EP, Heredia JB.
Phenolic compounds: Natural
alternative in inflammation treatment.
A Review. Cogent Food Agric
2016;2(1).

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 reagent.
Nat Protoc 2007;2(4):875-7.

GC, Devi P,

Bhaigyabati Th. Assessment of Total

Bag Grihanjali
Flavonoid Content and Antioxidant

Activity of Methanolic Rhizome
Extract of Three Hedychium Species
of Manipur Valley. Int J Pharm Sci

Rev Re 2015;30(1):154-9.

23.

24.

25.

26.

27.

28.

Vichai V, Kirtikara K. Sulforhodamine
B colorimetric assay for cytotoxicity
screening. Nat Protoc 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 acute
respiratory distress syndrome. Int J

Immunopathol Pharmacol

2018;32:394632017750518.

Vuong le T, Dueker SR, Murphy SP.
Plasma beta-carotene and retinol
concentrations of children increase
after a 30-d supplementation with the
fruit Momordica cochinchinensis
(gac). Am J Clin Nutr 2002;75(5):872-
9.

Bharathi L, Singh H, Shivashankar S,
Ganeshamurthy A, Sureshkumar P.
Assay of nutritional composition and
antioxidant activity of three dioecious
Momordica species of South East
Asia. Proc Indian Natl Sci Acad B Biol
Sci 2014;84(1):31-6.

Napad T, Tippawan S, Linna T.
Mutagenicity and antimutagenicity of
water extracts from gac fruit
(Momordica cochinchinensis Spreng).
J Health Res 2016;30(6):387-92.

Tien PG, Kayama F, Konishi F,
Tamemoto H, Kasono K, Hung NT, et

al. Inhibition of tumor growth and



NsansEInenlne 2562 ; 34(1) : 71-90

89

29.

30.

31.

32.

angiogenesis by water extract of Gac

fruit (Momordica cochinchinensis
Spreng). Int J Oncol 2005;26(4):881-
9.

Sampannang A, Arun S, Sukhorum W,
Burawat J, Nualkaew S, Maneenin
MC, et al. Antioxidant and
Hypoglycemic Effects of Momordica
cochinchinensis Spreng: (Gac) Aril
Extract on Reproductive Damages in
Streptozotocin (STZ)-Induced
Hyperglycemia Mice. Int J Morphol
2017;35:667-75.

Gulladawan J-o, Upa K, Poungrat P,
Veerapol K, Boontium K, Orachorn B.
Alleviation of Hypertension and

Oxidative Stress by Momordica
cochinchinensis Aril Extract in Rats
Oxide

Srinagarind Medical

2015;30(3):229-35.

with  Nitric Deficiency.

Journal

Dijkstra G, Moshage H, van Dullemen
HM, de Jager-Krikken A, Tiebosch
AT, Kleibeuker JH, et al. Expression
of nitric oxide synthases and formation
of nitrotyrosine and reactive oxygen
species in inflammatory bowel disease.
J Pathol 1998;186(4):416-21.
Beckman JS, Koppenol WH. Nitric
oxide, superoxide, and peroxynitrite:
the good, the bad, and ugly. Am J
Physiol Renal Physiol 1996;271(5 Pt
1):C1424-37.

33.

34.

35.

36.

37.

38.

39.

Hugo HIJ, Saunders C, Ramsay RG,
Thompson EW. New Insights on
COX-2 in Chronic Inflammation
Driving Breast Cancer Growth and
Metastasis. J Mammary Gland Biol
Neoplasia 2015;20(3):109-19.

Harris RE, Casto BC, Harris ZM.
Cyclooxygenase-2 and the
inflammogenesis of breast cancer.
World J Clin Oncol 2014;5(4):677-92.
Kwong J, Chan FL, Wong KK, Birrer
MJ, Archibald KM, Balkwill FR, et al.
Inflammatory cytokine tumor necrosis
factor alpha confers precancerous
phenotype in an organoid model of
ovarian  surface

normal  human

epithelial cells.
2009;11(6):529-41.

Hodge DR, Hurt EM, Farrar WL. The
IL-6 and STAT3 in

Eur J

Neoplasia

role of
inflammation and cancer.
Cancer 2005;41(16):2502-12.
Verma IM. Nuclear factor (NF)-kB
proteins: Ann
Rheum Dis 2004;63(suppl 2):1157-1161.
Lin HW, Chang TJ, Yang DJ, Chen
YC, Wang M, Chang YY. Regulation

therapeutic targets.

of  virus-induced  inflammatory
beta-carotene  in

Food Chem

response by
RAW264.7
2012;134(4):2169-75.

Feng D, Ling WH, Duan RD.

cells.

Lycopene suppresses LPS-induced NO
and IL-6 production by inhibiting the



N3anssInenlny 2562 ; 34(1) : 71-90

90

40.

activation of ERK, p38MAPK, and
NF-kappaB in macrophages. Inflamm
Res 2010;59(2):115-21.

Darvishi B,
Hadjiakhoondi F, Manayi A, Sureda
A, Nabavi SF, et al. Therapeutic

Salaritabar A,

potential of flavonoids in
disease: A
comprehensive World J

Gastroenterol 2017;23(28):5097-114.

inflammatory  bowel

review.

41.

42.

Maroon JC, Bost JW, Maroon A.
Natural anti-inflammatory agents for
pain relief. Surg Neurol Int 2010;1:80.
Garcia-Lafuente A, Guillamon E,
Villares A, Rostagno MA, Martinez
JA. Flavonoids as anti-inflammatory
agents: implications in cancer and
cardiovascular disease. Inflamm Res

2009;58(9):537-52.



