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Suppressive Effect of Green Tea Seed Coat Ethyl Acetate Fraction on
Inflammation and Its Mechanism in RAW264.7 Macrophage Cell
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Abstract

Green tea seed coat (GTSC) was extracted with 100% ethanol for 4 hr and then fractionated with petroleum
ether (PE), ethyl acetate (EtOAC) and butanol (BuOH). The EtOAC fraction showed the highest level in total
phenol contents and the lowest level in nitric oxide (NO) production in LPS-stimulated RAW264.7 macrophage
cell. Thus, this study was carried out to investigate the anti—-inflammatory and its mechanisms of GTSC EtOAC
fraction in LPS-stimulated RAW?264.7 macrophage cell. GTSC EtOAC fraction contained EGC (1146.48+11.01
ng/g), tannic acid (966.99+32.24 ng/g), EC (70.88+4.39 ug/g), gallic acid (947.61+1.03 ng/g), caffeic acid
(37.69%1.46 pg/g), ECG (35.46+3.19 ng/g), and EGCG (15.53£0.09 ng/g) when analyzed by HPLC. NO pro-
duction was significantly (p<0.05) suppressed in a dose-dependent manner with an ICsy of 80.11 pg/mL. Also
prostaglandin E; level was also inhibited in a dose-dependent manner. Moreover, iNOS protein expression was
suppressed in dose-dependent manner but COX-2 gene expression was not affected. Total antioxidant capacity
and glutathione (GSH) levels were enhanced more than the LPS-control. Expressions of antioxidative enzymes
including catalase, GSH-reductase and Mn-SOD were elevated compared to LPS-control. Nuclear p65 level
was decreased in the GTSC EtOAC fraction in a dose-dependent manner. These results indicate that GTSC
EtOAC fraction inhibit oxidative stress and inflammatory responses through elevated GSH levels, antioxidative
enzymes expressions and suppression of iNOS expression via NF-xB down-regulation.
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Fig. 1. Fractionation of green tea seed coat ethanol extracts.
EtOH: ethanol, PE: petroleum ether, EtOAC: ethyl acetate, BuOH:
butanol.
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=247 d EtOAC #89 epigallocatechingallate(EGCG),
epigallo—catechin(EGC), epicatechingallate(ECG), epicatechin
(EC), caffeic acid, gallic acid, tannic acid®] &%-< EtOAC
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RAW?264.7 macrophage cell ATCC(TIB-71, Rockville,
MD, USA)l A F+43ke 37°C, 5% CO, 273kl A 10%
FBS$} 2 mM L-glutamine®] 37} DMEM® vl %3} 93t}
A ZE 24-well plate(4 x10” cells/wel)€}F 100 mm dish(5x
10° cells/dish)oll 13t 24417+ B3t CO, incubatorel] A]

Table 1. HPLC conditions for analysis of polyphenols con-
tents in green tea seed coat ethyl acetate fraction

Items Conditions
Instrument HPLC (JASCO 1580)
Column Shiseido capcell Pak C18
(5 pm, 4.6x2250 mm, Phenomenex)
Detector UV 280/210 nm
Mobile phase Solvent A : Solvent B (9:1—4:6)
Flow rate 0.5 mL/min

Sample injection 20 uL

Solvent A: 0.5% HsPO,, Solvent B: 50% CHsCN in 0.5% HsPO..
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PROPREP™ protein extract solution(NtRON Biotechnology,
Seongnam, Korea) B ol o3& =33t} t}. 100 mm dish
(5x10° cells/dish)] cell culture plate® 3] uj %L A A
&ta v F8le ¥ ice-cold PBS(pH 7.4)%2 2 A& 3
% 1 mL ice-cold PBS(pH 7.4)Z Qo] AEE +=H3sth

A3 AEE 4°Coll A AEZ (12,000 rpm, 20 sec)3t<]
=S AAsA, cell lysisE 98 400 uL PROPREPS 4
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Western blot analysis: A|¥ 3= 45948 Bradfordd
(20002 #A3te] @i d A F il & AH3A
t}. Protein sample 30 ug% 1096 SDS-polyacrylamide gel
ol A7|9 %S A% F polyvinylidene difluoride mem-
brane(Bio-Rad Laboratories Inc., Hercules, CA, USA)¢]
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hybridizationdt % B A3 E A A, oA 2 A
2o 1A13E &<k hybridization $tSith. wlA#EA S A7
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(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA)E&
ALEsle] SASIN O™ quantity one software(Bio-Rad
Laboratories, Inc., Hercules, CA, USA)E o] &3} A =3}
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Hal o FEEZ AMESAT. ddwdEe Ide p65
rabbit mAb(Santa Cruz Biotechnology, Inc.)E AF&3te] <
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EAE AL SPSS software(Version 15.0, SPSS Inc.,
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Fig. 2. Total phenol contents of the green tea seed coat etha—
nol extract and its fractions. The data shown are representative
of triplicate experiments. Bars represent the mean+SE and val-
ues with same superscript are not significantly different by
Duncan’s multiple range test at p<0.05. Refer to Fig. 1.
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Fig. 3. Effects of the green tea seed coat ethanol extract and
its fractions on NO production in RAW264.7 macrophage
cell. Cells (4x10°%/well) were preincubated with and without in-
dicated concentrations of GTSC EtOH extract and its fractions
(100 pg/mL) for 2 hr, and then incubated with LPS (1 pg/mL)
for 20 hr. Untreated (Un) is negative control without LPS treat—
ment, while control (Con) is positive control treated with LPS.
The data shown are representative of triplicate experiments. Bars
represent the mean =SE and values with same superscript are
not significantly different by Duncan’s multiple range test at
p<0.05.
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HolMHo|EEE S LPSE A=3 RAW264.7 macro-
phage celll A T2 EE & vl 713 2= 354 NO A4
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g2 Table 294 B nke} o] EGC(11465+11.01 pg/
g)> tannic acid(967.0+32.24 pg/g)> EC(70.9+4.39 ng/g)>
gallic acid(47.6+1.03 pg/g)> caffeic acid(37.7+1.46 ng/
g)> ECG(35.5+3.19 pg/g)> EGCG(155+0.09 ng/g)d &
o2 HAEHIT

=212 F 23 polyphenolst flavan-3-ols¢} flavonols
2 =29 polyphenolic compounds®] ¢F 77%7} flavan-3-
ols®]™ FZ& 0 Z flavonols®tt @ ¢HY st} HA1e] £
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Table 2. Contents of catechins, caffeic acid, tannic acid, and gallic acid of green tea seed coat EtOAC fraction by HPLC analysis

(ng/g extracts)

EGCG EGC ECG

Caffeic acid Tannic acid Gallic acid

1553+0.09" 1146.5+11.01 35.5+3.19

70.9+4.39

37.7+£1.46 967.0+£32.24 47.6+£1.03

"Mean + SE.
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Fig. 4. Effects of the green tea seed coat EtOAC fraction
on NO production in RAW264.7 macrophage cell. Cells (4 x
10%/well) were preincubated with and without indicated concen—
trations of GTSC EtOAC fraction for 2 hr, and then incubated
with LPS (1 pg/mL) for 20 hr. Untreated (Un) is negative control
without LPS treatment, while control (Con) is positive control
treated with LPS. The data shown are representative of triplicate
experiments. Bars represent the mean+SE and values with same
superscript are not significantly different by Duncan’s multiple
range test at p<0.05.
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Fig. 5. Effects of green tea coat EtOAC fraction on cell via-
bility in RAW264.7 macrophage cell. Refer to Fig. 4.
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Fig. 6. Effects of the green tea seed coat EtOAC fraction
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Fig. 7. Effects of the green tea seed coat EtOAC fraction on iNOS and COX-2 protein expressions in RAW264.7 macrophage
cell. Cells (5x10%dish) were preincubated with and without indicated concentrations of GTSC EtOAC fraction for 2 hr, and then
incubated with LPS (1 pg/mL) for 20 hr. Untreated (Un) is negative control without LPS treatment, while control (Con) is positive
control treated with LPS. A: Levels of iNOS and COX-2 proteins were measured by western blot analysis and actin was used as
an internal control. B and C: All signals were normalized to protein levels of the control protein, actin, and expressed as a ratio. The
data shown are representative of triplicate experiments. Bars represent the mean+SE and values with same superscript are not sig-

nificantly different by Duncan’s multiple range test at p<0.05.
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Fig. 9. Effects of the green tea seed coat EtOAC fraction on catalase, GSH-red, and Mn-SOD protein expressions in RAW264.7
macrophage cell. Cells (5% 10%dish) were preincubated with and without indicated concentrations of GTSC EtOAC fraction for 2
hr, and then incubated with LPS (1 pg/mL) for 20 hr. Untreated (Un) is negative control without LPS treatment, while control (Con)
is positive control treated with LPS. A: Levels of catalase, GSH-red and Mn-SOD proteins were measured by western blot analysis
and actin was used as an internal control. B, C and D: All signals were normalized to protein levels of the control protein, actin,
and expressed as a ratio. The data shown are representative of triplicate experiments. Bars represent the mean+SE and values with
same superscript are not significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 10. Effects of the green tea seed coat EtOAC fraction
on nuclear extract NF-kB transactivation RAW264.7 macro-
phage cell. Cells (5x10%dish) were preincubated with and with-
out indicated concentrations of GTSC EtOAC fraction for 2 hr,
and then incubated with LPS (1 pug/mL) for 20 hr. Untreated (Un)
is negative control without LPS treatment, while control (Con)
is positive control treated with LPS. A: Levels of target protein
were measured by western blot analysis and actin was used as
an internal control. The levels of NF-xB localization in cells was
determined with anti—p65 antibody. B: All signals were normal-
ized to protein levels of the control protein, actin, and expressed
as a ratio. The data shown are representative of triplicate
experiments. Bars represent the mean+SE and values with same
superscript are not significantly different by Duncan’s multiple
range test at p<0.05.
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