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Abstract

Red ginseng (RG) is known for its preventive effects on various disease, including inflammatory diseases and cancer.
However, few studies have compared the effects of different RG extraction methods. In this study, the effect of RG
extracts prepared by agitation or ultrasound on antioxidant and anti-inflammatory activities was investigated. Total
phenol and flavonoid content and DPPH radical scavenging activity were considerably increased by the RG extracts
in dose-dependent manners, but there was no significant difference between the extraction methods. Raw 264.7
macrophages treated with up to 400 pg/mL of RG extracts proliferated significantly but decreased to less than 50%
at 800 pg/mL of either extract. The expression of the inflammatory marker COX-2 protein was decreased in a
dose-dependent manner, especially with ultrasonicated RG extract, indicating increased anti-inflammatory activity of

RG. In conclusion, our data demonstrated that RG extract prepared by either agitation or ultrasound extraction methods
had antioxidant effects and promoted immune cell proliferation. However, RG extract extracted by ultrasound exerted
a greater anti-inflammatory effect on immune cells, suggesting that the extraction method should be selected based

on the intended application.
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9, 2012). F3E Aot IF Fo| PHoR Ax
AV waelm, o] Qi
W gadelth £4HE okF W

AR HAb s wA| ol Sitolzt ERivk(o]Ad
9], 2006). o]9} 2 tiekst JpEHo R ke HE
g3 F98 AR dEE HIAA 55S FHAE T
Aom, 53] 4} Sake] A GAE AA A 7
T BAE0] B84t Aol Fold B ol
A YAt 58 =o] MAtET Adkgo] STFETHE
7149 2], 2012; Kitagawa et al., 1987).

SR ofrlo} =TtellA ofy] AWE A=EH] g
AEA bz ALgEle] ShtkLee et al, 2015). &4
o= WY, H=, dHE7], fell okEty a3t 3l
©m™(Choi et al., 2011; Kee et al, 2017), 34kl
U= ZIA=AFo| =(ginsenoside) S =,
Rg3, Rhl, Rh2, Rh4, Rf2 o] 3= Z4tol| ZA3}
= o= d#A ot o] F Rhl2 ¥|EIZEA AW
holg Tl A Ags dslsittn Ba st
(Chen et al., 2017; Li et al., 2014). &3 &4k
HA AAE Z2dste] Ao digt AgES AR
thar dExlen, 538 1y 4kl wxel wE HE
of Q&= WIAEZe] Ve S HustrhA=Z,
2007; ZolAd, 2012).

a8y AR FE e e 3 FEE9
7158 vt e o] RSl ol A
ToAE WP 2539E o]t 4k ded F&
=9 ks 71eg vwetal, Azt FEES s
RAW264.7 WMol dF5S Lo
SRS ARt 72 2 e FE2EY g9

ang 2

Fa 4Rl

I A=z 3 34

>
0%

AT

1

B Aol AR witellM Al 494 o B4
7} Yangjihongsam, Geumsan, Korea)Z T3] AL
ok 34k AlEe] Wk FE& 9B 4 AR 5 gl
80 % olfk2(Daejung Chemicals & Metals, Siheung-si,
Korea) 30 mL& £33t § nkadlE] Z#o|EolA 30

E2F 300 rpme] £5% wyF & Whatman No.l &3}
A(Whatman, Maid Stone, UK)ZE #3lo] ofzidls
SR ol ofgtele] Az 10 mLel olgas
ekl FAdsHA wyk & ogFHAE B oARAE
FHAAD o] AL 71 whEle] 50 mLe) FE
< 273kt 100 mymlE FEE uEs ZZle (2
um membrane(Biofact, Daejeon, Korea)oll oJ3}s}e]
20 TolM RISy &4F A159] 23K ultrasound)
FZ25 9E AlE 5 goll 80 % olleke 30 mLE &3sh
T 40 KHz ZS37|(DAITHAN® Analog Ultrasonic
Cleaner “WUC-A”, DAIHAN Scientific, Daegu, Korea)
oA 158 FQF &3 § Whatman No.l oJ#A|=
o= S 39 whESte] 50 mL 29 =
S FHE FEde FeE 100 mg/mLE B0
0.2 pym membraneol| &7} & 20 Cof EA3FA.

ETA-] ) = R
122 77} g
Folin-Ciocalteu
2015). 2 % Na,COs(Daejung Chemicals & Metals,
Gyeonggi-do, Korea) & 20 mL & A8 F&9
0.2 mL ¢} &35t 2 & 5 50 % Folin-Ciocalteu's
(JUNSEI, Kyoto, Japan) Al2F 0.2 mL & 93 4
T d2elA 30 7 WAgk £ UV-1800 UV-VIS 23
F=A(uv-1800 uv/visible scanning spectrophotometer
SHIMADZU, Kyoto, JAPAN)Z A}83}] 750 nm ol
A FE=E =483} Ferulic acid(Sigma-Aldrich,
St. Louis, MO, USA)E EFEZ=2 ARSI pg Ferulic
Acid Equivalent(FAE)/mL & A8}t

1%

N

) & ETtEol= 3 54

B 2EHs 220 FEMoR FuE 4 5E
S

|
FZ5 0.2 mLo 2 mLe| diethylene glycol(Daejung
Chemicals & Metals)¥} 0.2 mL2] 1 N NaOH(Daejung
Chemicals & Metals)S F7}5la] 37 To] water bath
(B-491, Buchi labortechnik AG, Flawil, Switzerland)
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oflx 1AIRF &<t ¥REAIZ] F, UV-VIS 333 =Al(uv-
1800 uv/visible scanning spectrophotometer SHIMADZU)
£ AR8Ste] 420 nmollM FEEE S #Eed
2 quercetin(Sigma-Aldrich)S AF83Fe] mg Quercetin
Equivalent(QE)/go2 YJERITHNFRI, 1990).

3) 2,2-diphenyl-1-picrylhydrazyl(DPPH) ]zt 4
s 54

Blois®] WH-& W¥ste] DPPH 2tz &7s 54
o FA FEoe st 4S S7skItk(Blois,
1958). 24+ 2% 0.5 mLd 0.4 mM<] DPPH £
H(Sigma-Aldrich) 5 mLE a1 30837F 9ol HHX]
F 517 nmolM FB=E SA3CE Trolox((2)-6-
hydroxy-2,5,7,8-tetramethylchromane-2- carboxylic
acid)(Sigma-Aldrich)& ZETFEZEE 3fo], png Trolox
Equivalent Antioxidant Capacity(TEAC)/mLZ 3A]
S3iek.

3. M=

RAW264.7 t2] A& = MEF 23 (Korean
Cell Line Bank, Seoul, Korea)ollx] sk AL85}3
t}. Al¥E= 10 % heat inactivated fetal bovine serum
(Gibco, paisley, UK)3 1 % penicillin-streptomycin
solution(CORINING, New York, USA), DMEM
A|(GIBCO, in Grand Island, New York)E A}&35}e]
37 C, 5 % CO, F27]0lA wjekatalct.

4, M= MES

e 29 9 v H 54 offE ERls] ¢
3 RAW264.7 th2] AlEZe}l EZ-Cytox 7]E(DOGEN,
Seoul, Korea)E A}&-3}a] Water-Soluble Tetrazolium
(WST) assayS 2A8Hch 2 x 10* 7He] RAW264.7

AZ7F 24 96 well plateo] 34 F=5 0, 50,
100, 200, 400, 800 pg/mLe] FE HWZ 2427+ &

oF wjokalgitt. 24417 &, 100 L HjA% EZ-Cytox
10 nLE H7Fske] 3A1ZF 3 microplate reader(Tecan
Sunrise-Basic, Minnedorf, Swiss)E ©]-&3a}a] 450
nmollX FFEE SAHS AEX AEES Akl
e HAE A AEZHERT)S 100 %= 7F
sto] g vlg= AR

v
(=]

5. COX-2(cyclooxygenase) THHZE| Hb

s
1

5% IS western blot #41S E8] COX-29]
child wEeks =439ck. Raw 264.72 6 well

plated]l ¥JOF 2 0, 100, 200 pg/mL Ewo] Fi =
SEolA 2443 ERF wjdsidith AF v =
98 1 pgmL LPSE 3712 24A17F Ak 3, wjA]
£ A|Asl PBSZE 2¥ A|Z3}9Itk Protease inhibitor
(Roche, Mannheim, Germany)2} phosphatase inhibitor
(Roche)7} E017t lysis buffer(Thermo Fisher Scientific,
Rockford, IL, USA) 10 mLell AIZE &3l Foll 4 T,
110 x gellA] 2083 94l #Eelatadet. 94l #elsto]
oo rk=olo BCA protein assay kit(Thermo Fisher
Scientific)2 TA-S A7Fste], 2 30 wgo] TS
10 % polyacrylamide geloll ¥¢] SDS-PAGE(Sodium
Dodecyl Sulfate Poly-Acrylamide Gel Electrophoresis)
2 A7gEste] Felstrt. Feld wEe transfer
7]171(BIORAD, Hercules, CA, USA)E o] &3}
polyvinylidene fluoride (PVDF) membrane(Sigma-Aldrich)
o &1 the, Aok 1AIRF 52t blocking buffer(5 %
skim milk in tris-buffered saline and tween 20
(TTBS), VWR Life Science, Suwon, Korea)ol| %3]
skl COX-2 whild iddsks gjlshr] 9fsff COX-2
(Cell Signaling Technology, Inc. Danvers, MA,
USA), B-actin(Santa Cruz, Dallas, TX, USA) 1x}
FAE 1:1,00002 3|43te] 4 Toll 16417 vhe &,
5% 7HAo® TTBSZ 3 3] AFskrh. COX-2¢) 2
2} &A= horseradish peroxidase”} AgE anti-rabbit
IgG(Cell Signaling Technology)E 1:2,0000.2 3]
&to] Ad2ollA 141k F<t wjFek F TTBSE 5%t 3
3] AlFsledet. B-actin®] 22} A= anti-mouse(Santa
Cruz, Dallas, TX, USA)E ARF83l 1:1,000 H]E&=
B|Mete] Aeola 2AKRE wikstdek. oAl TTBSE 3
3] A&gk & membraneo]| Ez West Lumi-plus(ATTO,
Tokyo, Japan)E #53}¢] Chemi-doc(LuminoGraph
I, ATTO Co., Tokyo, Japan)Z TdS 7}r|3)s)
i, CS Analyzer 4(ATTO)E A}83te] COX-29} B-
actine A}l COX-2 whAzEe B-actin

T E 0T

el The W)= vehigick

6. S4lEA

gloJele] 57| A2l Statistical Package for Social
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Science (SPSS Chicago, USA)& o|-83le] B3
th. 2lEE p<0.0504 FHEgEe g Fods A
Zajoi}, 74 ho o)l X AN (one-way ANOVA)
S A5k, Duncan’s test2 ARE 7AA sliod, &
Zke] mlalE ttest2 Yt xpole] FojdS ARk

Saks ekl 283} AHL3 80 % e F=ZE
oA Folin-Ciocalteu H'HES o]&3lo] & 3H5HE9
2 2A9n EF532 Ferulic acide] EA2S
NFo2 png FAER ‘*'6?04 [Z€ 1790 UrE‘rLH"*
o Z HE e T U FEH BT F299
&7t STl whet frelFem S7sFrH(p<0.001).
7P e F Eﬂa S VR 552 100 mg/mL

L& X3tk
o 22 Tl z%ﬁ% et FEEI Pwdel
foZel Aol gl M FHe F Al RS
ERA —;‘iﬁ‘j% 50 mg/mL _%—O—V 2282 3426 g

53} #2014l i}o] gj\g}\]:]. _J__\_i':] o]/\LJ,]_ 1:1]:.'1’- olak
S Wiol gAe g JEske IAolA maltose, AFG
(Arg-Fru-Glc), maltol 3&Fo] Zvlal= AL delstsd
ow, vz QHT} 3y olxtom JlEE TaloA

100

N
92}
1

(ug FAE/mL)
o
)
1

Total phenolic content
N
o
1

rRG 0~

maltole] T o] A== 7)4\9_ i}
, 2021). Maltol
4t E"fﬂ FELE

A 9

cr % Buze %
deA e ™(Tsao, 2010),
o}l B3 =%t Heim et al.,
A} FLsH

H

SEAFL-
&

d

3} 3

iz %ﬂ

B Rl

[ do %
o o

b

il

s}

o

50

._[—

e

i)

il

{

S 2= o]
ET/V]\I_

2} Zeeol

At so] =}

%‘— f‘fo & a3}

2002) e FF
ZetEwolE g Z"‘Z‘A =7t
71gtell we} freldom 2718kt (p<0.001). 71 B
5 ﬂiﬁlc S Uehd 552 100 mgmL

==

=22 11351 mg QE/golgdor}, o =

=

T=

i)
o

100

Wl we
Z ZglEyolE RS Ho| =25
2 3428 mg QE/gZ uehflort, <
Hel Aol gk & Fehue

FE=

flo

(mg/mL) S

U

2181 Aol gtk 7
FEE2 50 mg/mL

[23! 1] Total phenol content of 80% ethanol extract of red ginseng (RG) by agitation (S) or ultrasound
(U). Values are expressed as mean=standard deviation, and values with the same letter are not
significantly different by Duncan's multiple range test at p(0.05,

- 460 -



£ o]&3te] 98 Tellx] 243

dafo] 2 Aow fE ol A& Aoy @,
wEe s, e, $53, Fie Eehueols
=

R
a5 F=

g FEET AR 2401 AAFES 23] vHESE 80 %

& FEE, 2% 7= VA F= P et

weile w e FEEEC W B4 2e9 %

asr

Feopq Eehriols Shpol b4 vigtoul, Fitel
ok HA FEEH feldel Aok glrka sy
of Fat 3% Wol WE Zehuiols el Aol
7h glchs B okrel ke AukE markEad o,

150

100

Total flavonoid content
(mg QE/g)

¢ 9
(mg/mL)

50 100

3. 34 #&=29| DPPH ElC|Z &Hs

S 80 % oEre F=Eo

2z we ged 32
DPPH 2tz &A% Z4e [2u3]d] Jepigl
DPPH etjzt 27 $4olet @it & 717

o] DPPH gtjze] zEs Fofal] #ddsle= 5
Z35h= WhHolti(Yen et al, 1995). 100 mg/mL2]
3 %52 DPPH etz &745¢] 276 ug TEAC/g
o7 M Be FANE BHIANRL e FEo mwt
F=E(260 png TEAC/g)# FolHQl AfolEs Holx] &
Skt 50 mg/mLe] %83 FEE(188 ng TEAC/g)
e 22 Fxo wnk F=E(161 nug TEAC/g)ETh

1=
e FNE UeIA, fold Aol§ Mol sk

B o e

50 100

S

U

[3aZ 2] Total flavonoid content of 80% ethanol extract of red ginseng (RG) by agitation (S) or
ultrasound (U). Values are expressed as mean=+standard deviation, and values with the same letter
are not significantly different by Duncan's multiple range test at p<0.05.

300 =

C/ml.)

200—

scavenging

Z 100
£

DPPH rad

() =
RG
(mg/mL)

100

50 100

S

U

[22! 3] DPPH radical scavenging activity of 80% ethanol extract of red ginseng (RG) by agitation
(S) or ultrasound (U). Values are expressed as meanztstandard deviation, and values with the
same letter are not significantly different by Duncan's multiple range test at p<{0.05,
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ot 5, 4] DPPH 22 A5 £ died S8fE  F55 A¥wEe] dxzwd vEte fodos =2
wolE gt FUst sHos g FEEY s W AEEES Eth M =2 AEE2 400 pg/mL
2} 7kete] & W o8t Aol Holx| gtk 7] WF FEE(201.02 %)olRer, B2 sl 253 F
E9] Aeld B s Wil 34k S FEE 5 18835 % AEEH fFoF Ao|(p<0.05)E X
o] a3l e HY) 98 1, 10, 100, 1000 pg/mL ok % & og Ik FEE ) H85E A
SEE AslS o, FEE9] %o Wl DPPH 2 &85 HofAle Zo= Hol 4 F2E2 WY AlX &
gzt Aol S715he Hol B Al FUst Aol S molgE TIs0] eS A5E Utk 50 ng/mL
thdoled €], 2016). £ T AFeAE 500 pg/mL 9 400 pg/mL EEoA] wEbH| o8 FZEo] %
©} 1,000 pg/mLe] 4t FEE F=olA 15 % vt 53l ogt FEERT AX AEE] ‘rT«VLE =
o] S HYorl, I oo &t sRolAE AR gkew, ¥hHd 200 pg/mL FZolA ZFdbe] ot

7t SV wel @7t foldoz FURRE &
A BATHAIAE 2], 2009).

4. 84t FEE9 Raw2647 T4 MZE B4 =25

ol e 80 % olee T FEES Aelst
W Raw 264.7 tha] AEe] BEEE [19 419}
A FEEE AU we dxzel AE A

284S 100 %=

=252 A9)3F 50 ~ 400 pg/mL

b4/
) mlo =

o

71Eekds W, 50 pg/mL =59
Lo BE 5t

NrN my

FEEo] b o3t FEEET AE AEE&C]

FAAEEC] 85 % oY AT AME
L%D}"’ oA 9 _,i(Sandoval et
A7 Aol 800 pg/mL F o
BT HY Aae] *gt—%

o 2

250

200+

150

100 =

Cell viability(%)

50—

=
RG 0

60 100 200 400 800 650 100 200 400 800

(pg/mlL) S

U

[3&! 4] Cell viability of Raw 264.7 macrophages treated with various concentrations of 80% ethanol extract
of red ginseng (RG) by agitation (S) or ultrasound (U), Values are expressed as mean-=tstandard deviation,
Significant difference between control group and RG-treated group using Student s t-test was indicated

by"p<0.05, ** p<0.01, ** p

{0,001, Statistical difference between two extract methods on the same concentration

was indicated using Student s t-test by #p(0.05, ns: non-significant
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pg/mL FEoA AX =Ao] glE Aow FelEY
ou:] (21-0110]— q 2019) 0:1:[’-01]/\1L‘ :g)\l- Zz °
100 ~ 800 pg/mLe] 5=z WY AF Hejstds
o, wmyk FEWE 289 3 ‘?é B 400 pg/mL7t
o]F9] FroAME Al
é}ﬂfv‘}%ﬁv}.
Ay} ZAF Z=Zdlo] HA
AFE Holl} 800 pg/mLel =&
RN E=gt 4%% ARg-
1 g/mLs ALelies EE
Z‘%ﬂ H]3)

E‘I__
7)ol

do o (T off 1

2
X

Ho A

2o

=
=

¥ "
X0 1>

90 0
=

&t

5. Raw2647 CHA! MZoA A=eESo| i
g g3

Ofor
z

FEE9

Raw264.7 t2] AEZolA LPSol <]
s FEA

fr=€ NO
o] Prostaglandin-endoperoxide synthase 2
(prostaglandin G/H synthase and cyclooxygenase,

cyclooxygenase-2) 3-& COX-29] gz nukalo tj
3l A} FE59] oA §9= Western blot HPHOE F
ALste] [ 516 VFERRSITE COX-2%& 9% A A
olA arachidonic acidZ=
H2E HeAr)7l= 548
Souza et al., 2021).
agt ST AEde EAshks LPSe ¢
doA COX-2 whijdo] IHAHESE {ieatr] ulhiol
(Guzik et al, 2003), & AFoMe= 34 FEER
A2l H Raw264.7 2] AEE LPSE #|2lsle] o
% w0 Sl Sl 9 We ol &
= 3. COX-2 whze] gl B-actinol
et %= Uepilch wA COX-2 o] e
LPSE A3tA &S RAW264.7 AEoAE #zay]
A gkkem, LPS A2l & COX-2 whild whgo]
7He e eI 4 JAot m=gk LPSOl o3
H COX-2 #AAte] whild W&o 100 ug/mL &%
of B 23} FEE O3] wao] AsEA wgko
114 %), 200 pg/mL F=lA 1.4 %2 A=Ak
253} 22 100 pg/mL T4 1.2 %, 200 xg/mL

prostaglandin endoperoxide
d= AEE ARREI Qrkde

= [ele]
<3 E]J_-OE

[e]
= Tl’ctﬂ'

o)
RS2
7

H1 ol

lo,

+ LPS
RG 2 =
(ug/mpy © 0 TO0 200 100 200
— — — «—COX—2
15 ==
S
£.£
25 10
N
<z
13 s-
Ss
-
&
()= . ‘
R 0 0 100 200 100 200
S U
(llg/mL) TLDS

[3&! 5] COX-2 protein expression in Raw 264.7 macrophages treated with 80% ethanol extract of red ginseng
(RG) by agitation (S) or ultrasound (U), COX-2 protein expression was measured by western blot and B-actin
was used as loading control, Intensity of COX-2 were measured and normalized by B-actin using Image J.
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=
o] ks Hodth a8rs B AT S5k
g FEAL = 7l wEt COX-2 A3 adE
HoFglody, 259t F& W sxet #Aglel
COX-2 g Asiety &ate] s ads 2y
FAc}. 71E AFolA] RAW 264.7 A|Ze] LPS wH=
Aed ol 3] ke Aegh oA 4t =Tt
Z713ol whel frejzlog COX-2 whalEko] 7HA%he
R ustdrkgedol <], 2019).

COX-2¢= dibeom A AxelMe =AsHA o
= S 9 27 W AR, 95 i AL
O|=TIIE MIEG ekt A A=l o8 AT #
Pl F=2 fe=7le s COX-27F d5=

WEE wnk oluel $gs FXgthE w2 2450l
AA =t Wang et al., 2010). ZFEZ COX-2&
GFE )RE bl A5 @] 9la, COX-2 o
AAE AR d8stuAl sk AFSo| theksH
FEA5kaL QIEKLi et al., 2020). ol 34t FEEo]
B dFoa HAFE Ids AW ohel 5o &
oF 3 T3 Vs & 5 dSS ARk

IV, g9F

s

2 AT7E 80 % oe-E 8uE Fake] wyk =
W} Z2Fup FEHe] st ad 9 AE AYEE,
4 29 SHS Fok Vs AFeEAY F4te
Bes IRl = W wE 7T Aelg B
a2} FEeith. & dlE, FefReol= g DPPH
gz 47 2L Fatel wxol HlEEte] skl
ou, = e e {FoF AolE Holx| 3kt

0 pg/mLe] oM F 71x] F= W =
T AR S0l EREA] eiskal, frofHoes M A
F&0] 7kl ou, 800 ug/mLolrE F43% A
& 72E L &, HHE wr &
AE] AEEC A2 aFE Holu, =
oJn)git}. LPSE

)
ol
i

>
o
2

"

l

r
¢

i
lo =

o o
f

o2

=z
< ©

2 200 pg/mLe mHE FEAo] AHzA a3t
), 259 FZ9 100 pg/mL, 200 pg/mL =
oA WHo] 7HAE], k] 9T aE
3hodct.

ki
(i
e
12
X,
bl
-
>
o2
o\
N
Fkl
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o
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mt)
_ln'.
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i
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