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Abstract

It is well-known that cultivated wild Panax ginseng has anti-inflammatory effect. However, a comparative study
on cultivation period vs biofunctionality is currently lacking. In this study, 70% ethanol extracts of 3-years (yrs)-,
5-yrs-, or 7-yrs-old cultivated wild ginseng were evaluated for their inhibitory effects on RAW264.7 murine
macrophages. Specifically, the production of pro-inflammatory cytokines (interleukin-6 [IL-6] and tumor necrosis
factor-alpha [TNF-a]), the expression of surface proteins (CD80, CD86, and MHC-II), and the phagocytic prop-
erties were investigated. RAW264.7 cells were induced by 500 ng/mL of lipopolysaccharide (LPS) and treated
with 0.1, 1, and 10 ppm of samples. LPS-induced IL-6, TNF-a and surface proteins in all samples were down-
regulated in a dose-dependent manner. Both IL-6 and TNF-a were significantly reduced at 10 ppm of the 7-yrs-
old sample compared to 10 ppm of 3-yrs- and 5-yrs-old samples. CD80 and CD86 were also reduced at 10 ppm
of all samples, and there was no difference among samples. The phagocytosis has no difference except in 10 ppm
of 3 yr-old sample. The results suggest that cultivated wild ginseng extract has anti-inflammatory effect without

decreasing phagocytosis.
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s}, TNA, ESXEMNA, Aexd S a5l
o2 4 JrtHLui & Staba, 1980; Yun et al.,
Jung et al., 2005).

GSSe MAE 7Y, 279 YA &4 Ee EF
Sukel 2 AEF 94 % AuoA] A AslAEd
2o ol&] ZZ ®EtH(Larsen & Henson, 1983; Chawla et
al., 2011). W2 Al 3£ (Macrophage)= & AU ZE 229
zat Aol A AAHANSS HEothe WIHMZE,
4 el MAES Bt AL B8, S4EHAY
AA ] AxE, Mo zhaefl, SAstd FA-g
ARG =4 g FHAE 5 Ao A
Alazeto)] ghelo] FztE 5 oA AL
o] $5(pseudopodia)ys F/gate] F-2HE
HMA E} o] & 9Fe] S FHEol
5ol &3] 7= 3 el (phagosome)7}
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P, ol 2 AAEY] WHZE o]5e § 2iaEdd
S35ke] §4] 2] AF (phagolysosome)S 4 6&‘:]-. E]_/l:%oﬂ
= 7 B VRS 84T So] JoBE e X &4
st glS "2 aFolAM ol &4 s AstEH,
2815 3L e Y822 Al E I8l (exocytosis) 78S A
| A AL

A71 2119l ¢Jste] &/dstE A M EZE= nuclear factor
kappa B (NF-xB) 9|&4 AsHAGAAE Falo] tpst
AR EA ] A 2 Eg = = AR duEA
2 tH(Barnes & Adcock, 1997). £3], in vitro 9T+E 9
ste] a3 M EY AE<l lipopolysaccharide (LPS)
& &8sty QAAEE AFE A, toll-like receptor
(TLR) 47} LPSS} 2% %

ERlehe

ZF,AE W MyDs8 o]E4 als

HEAAE F3te] 7] NF«BO] A0 29| o]5& &
Aste 712He & 48 A AthBarnes & Adcock, 1997;
Dobrovolskaia & Vogel, 2002). @3/ el = tha] Al
el cyclooxygenase-2 (COX-2)¢} inducible nitric oxide
synthase (iNOS)2] w&do] f=% o] 3}3F2] prostaglandins
(PGs), nitric oxide (NO)5°] A3/J =™ (Won et al., 2006),
O]T;lj %ﬂ%/\é uH7H%94 H;(]_E__ E;‘SH 01]—2__/\‘1 I:I]-.Q.O] X‘]Ifq—
(propagation)’} L1} ¥/ A5 (chronic inflammation) 2.2
olojd 7d-¢-, olEy ¥R, FulEll WA, WA, 7
A, s, sHAsks, HEF, d=stoln 9
AZA3ZS oF7|gho] & A UtH(Corraliza et al., 1995).
b, @5REg-e] Z7IeA o] Fodshe thA Al 2] A
AGAAE 2dste] INOS B COX-29] TS =4
T Edo] d5HES] o) B ABAEAN F5
3L Qnk ey, 27 AFeAleA e gHE
2 QAR ZHEO|EALY SIFEEA, 2 7
A7} st o] FAEERE late] ARgo] A
olo] ofAF Y} -2 BHlZH Ro|EAE T
(non-steroidal anti-inflammatory drugs, NSAIDs)2] 7l
T7F FERNeH, 53] ﬂﬂmﬂ oFFo] old HA=
== 93 AS% 3%]' A8A H AREZATE 2R
Row AF7E 2bs] 1P E A Qi)

o]w_ A=
AR

Lot A ok }oln

AP B4 AFA ol MaATe) Ave 1
W, Aot F580] 9)ke] 9% ALl E7K interleukin-

1 beta (IL-1B), IL-6 % tumor necrosis factor-alpha (TNF-
)2l FH A7 B EJTHKim & Son, 2012). L1,
TS dubd o g 7209 7|7k Fet ‘ji%k l
59 HAZANA Aoz, 1 Aikpgo] o
Ar)go] EobA ThEA el A 2A /\F‘“] g 4

goltt.
2 A7elMe vlaA 7hqo] Addt 3d, 53 3 7
%—%t‘& *J F FEw] 9T S OF

. vl
Gl

- ol - Pk

o

=

T4 AORAL EZES A|29| ZH|

A oA AuE AFFAt 39, 59 2 7id2H(Woorido
Co., Pyeongchang, Korea)2 7+ 3]'04, 52% &8 o]&3}
Oq 351 —r/‘ﬂ slal SR ek £ F, SRTE o8

ek wAE FEE Aok, 2H A Aol 290

(W) 70% 74 9| E-2(Ethanol Supplies World, Co. Ltd.,
Jeonju, Korea)S 713+ 5, 70°ColA 24A)17F Bt 7wz}
ZZ7](Glass Extractor, Jung Sung Hascom, Seoul, Korea)
o] &3] FZE3I9 ). Kimble-filtering flaks®l] funnelS
< o
EF71(N-11,
o

e

A2stal o 2] (Whatman No.2)E AlMgate] F&&
A3t H, AN L 50°Ce] oA AT
Eyela, Tokyo, Japan)& Al&3lo] ZtE=3)
-70°Co) BT

LPSE 0|&8t RAW264.7 M=

B Aof o] &%¥ RAW264.7 T2 M| 32 (Korea Cell Line
Bank, Seoul, Korea)= 1% antibiotic/antimycotic solution
(Hyclone, Logan, UT, USA)3} 10% fetal bovine serum
(FBS, Hyclone)”t 3 7}¥ Dulbecco’s modified Eagle;s
medium (DMEM, Hyclone)oll A Hl 3R T Al2E 3]
slal AlGe & 24-well plateol] 1 x 10° cells/mL2] A E
SRR BT, At FEAS HVITEEE 2407
Al ekt ol F, Akt FE=d o] AelE Al ZujFed ol
500 ng/mL F%=<2] LPS (Sigma-Aldrich Co., St. Louise,

= NHIS ©
o HBHIS BE

MO, USAYE Melste] 2447 §9F B3-S fw=dt
.
el SEES| IS 58
5 oS
‘I_.—"

RAW264.7 M EZFE 5% 10* cellssmL &%

T Ao 9 T Aok T%Eg 2] sted 24417k ul
F3FATh o], SmgmL F%9] 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT, Amresco, Solon,
OH, USA) &8 #H7kgk &, 37°C, 5% CO,° =71 3}
M| 3 8] k7] (Heraeus BB15, Thermo Electron Co., Waltham,
MA, USA)NA 4x7E afFstiet. w5, g 21 A

3}2L MTT formazan crystal2 dimethyl sulfoxide (DMSO)

of &&3 F vlo]aZEZHolE Y (iMark, Bio-Rad,
Hercules, CA, USA)E ©| &3l 590 nmol|Ae] §HF=E
S48tk —rﬂﬁ];«] SFE9] Hlwste] AR FEE
Aol WE ME SAHS (%) 2E HERN A THLiu
et al., 2012).

HffH HEA AOIET
M E HfgFY S AAE (300 x g, 5%)3H]
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T, 854 AlolE7IRI IL-6 2 TNF-adll 5o]#<l
ELISA kit (eBioscience, San Diego, CA, USA)E ©]
o Bttt 7HeFslAl 71€ 5, 96-well plates
capture antibodyZ 4°ColA 12A]7F FH® I & assay
diluents ©]-&3to] H|50]% 3el-3A|Nk-g-S =T, Kitol]
2 3HE sample diluent &S 1008 3]4] &k Al sz uj Y
100 uLE 2EF3te] d2ollA 1A17F WA 5ki Tk Washing
buffer& ©]&3t] Fxad A3 %, capture antibody
100 lLE #F38te] A2olA 1A17F WA1§ £, biotin-
conjugated detection antibody$} streptoavidin-conjugated
horse radish peroxidaseE #7tato] oA 1A17F §E-3-3}
Aok AgE 71EEN s Hrketed 3027 HANEES
=38k &, stop solution (IM H,PO)E H7lste] ®vES-S &
g3l vlo]a 2 EZ Y o]E Y (iMark, Bio-Rad, Hercules,
CA, USA)E ©]&3t 450 nmollA 9] FHES 4T F,
kitel] A€ Al BRI EF] BEFAE o] 85te] 4
okt

o oX 4
ol oo gt

STOTELTEEIIEE

QAMEE 1 x10° particles/mL. F%=¢ 3F bead
(Fluorebrite® plain yellow green 1.0 micron microspheres,
Polysciences, Warrington, PA, USA)®} 7 30%7F wlj &3t
% 4°C2] phosphate-buffered saline (PBS)E ©|&3}o] A
A& 348 HNEE flow cytometry (Accuri C6, BD
Biosciences, San Jose, CA, USA)E o]&3le] £33t}
(Dunn & Tyrer, 1981). FlowJo vI10 software (Treestar,
San Carlos, CA, USA)S ©]-&3}o] scatter plotoll A T 2] Al
¥ E gating 3 F(FSC vs SSC), HAAIE ZF bead?] &
2ol oJsle] PFES U= MEY P& (%)E S &
2502 F715HAt

CHAIM|Z EHO| EMsiniz] Mk 24

Aol 9 s A FEEF Y F, LPSE ©]
£3te] EdstE UIXA2E PBSE o] &3t A E MF
3t & anti-mouse CD16/CD32 (eBioscience)9} 4°CollA]
1037} ¥h-g-ate] H| 504 -3 v-g-g 2 5, 24

3lul7] Eo]z &% A (anti-CT80-FITC, anti-CD86-PE
2 anti-MHC-II-APC)E ©]-8-3}o] 4°CollA 1027+ whg-3f
Stk PBSE 31 M &, flow cytometry (Accuri C6,
BD Biosciences)E ©]&3lo] M EZE &9l S (FSC vs
SSC), FITC, PE % APCO HZL=E =43}l CDSO,
CD86 ¥ MHC-1I12] ¥3 2 mean fluorescence intensity
(MFDE F3to] =7 3191 th(Saxena et al., 2003).

MEL HE54 mRNA2| Fai=4
RAW264.7 MEFE A2E 2 FEE AR} F2E3
ujsle] LPSE &4431st &, AR 5 Foto] AXE 3

39tk RNAE RNeasy” mini kit (Qiagen, Germantown,
MD, USA)E o]&3te] A|zAle] whiol] wal &3 3,
Nanodrop 200 spectrophotometer (Thermo Scientific,
Waltham, MA, USA)E ©]&3le] RNAE AHsta ¢
£ 539t QuantiFast® SYBR Green RT-PCR kit
(Quiagen) %! Real-Time system (CFX Connect, Bio-Rad)
£ ©]§3ke] 50°C 103 +95°C 53, 95°C 10% +60°C 30
% 39 Ato]Z ZZA] quantitative reverse transcriptase
PCR (qRT-PCR)S HAIBISATE & Aol ALg-H Zjo]w
= o3 . GAPDH F 5-ATCATCCCTGCATCC-
ACT-3’, R 5-ATCCACGACGGACACATT-3’; COX-2 F
5’-TGCACTATGGTTACAAAAGCTGG-3’, R 5-TCAGGA-
AGCTCCTTATTTCCCTT-3" (Vitali et al., 2015); iNOS F
5’-CGAAACGCTTCACTTCCAA-3’, R 5-TGAGCCTAT-
ATTGCTGTGGCT-3’ (Lampiasi & Montana, 2016). COX-
2 % iNOS9| Ct O 25E] GAPDHS] Ct #t-& wjo] 24
s ot A Ao R ¥ sk

SHEA

AFAF}E mean+ SEMOZ B35 o™ (n>5), B
A fe]x+= PRISM 5.0 (GraphPad Software, La Jolla,
CA, USA)E o|&3ate] Akite] 233 Agses 27t
=YW 4E two-way analysis of variance (ANOVA) %

Tukey’s multiple test "8 2.2 4] 3F3A T

=} TE=— 0=
Ak FE2E0 349

1. 284, 1,000 ppm & =0l 4]
ZENA 100%] 717F2 A EAL
Fo A= GG el sFst= 10ppm s 4F
EA}

P FFES AEHAT Q4] AEUS TR
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i
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w0 FolFE AFE Feke] Aoty
2 ek

>
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i
U

U

M 2= K20l e CHAMIZS| BAls

2 Ao AMESH RAW264.7 M ZFE flow
cytometry2} Flowjo softwareE &3] #2438t A3}, Fig
2A9} 7Fo] M9 AZ|(FSC) ¥ Y E(SCO)E &85}
QAMEE gating & F AU E3F FF beade} 3l
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1

= ué}‘“(phatocytlc cells, %)= =43 A3 5L A
2] FEoA At 2o WE fFolxke HolA] %9
th E.O] :Lazl IHOﬂHE ;‘(-]174,‘]:.1:
L—G/)\'E}‘(Flg 3) }\].ok)\l-o] | oﬂ w}a} ey El—/_\_]% |
o Zpel7t heA] BHe]7] flsted two-way ANOVA 24
Ag 3 A, dptel 293 AelEE Aol du
9SS Slsklnh ole At FEE YA
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Fig. 1. Cell viability of RAW264.7 macrophages following 24 hr
exposure to cultivate wild Panax ginseng extract (CWPGE) at
various ages and doses as assessed by MTT assay.
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X E gatingdte] +4138t A(Fig. 2B), ©241%}
SHA] 22 A EZ(Bead-)

1 o S

v - 0P - Ak

EAsle], 7 AEE 3L histogramS Fig. 4] YeRY
9}1‘3} MHC-II u}@@g A A E ] A o] % HA

FHEL S FHAAAA Eol| AFete TS st @
?‘]E’H(Gordon 1998; Murray & Wynn, 2011), 22 &3
& AbFrte] 2R wet fo1H < 2polrt flloH, &
=2 Aelsro] wel AT AFS HolA FShThFig.
5A). CD803} CD86< T-cell costimulatory molecules®}3L
v @A RA, SAYHER Y 7exHd Fa% F
3hS dth(Saxena et al., 2003). AF¥4Ee] X2 FEo wh
2 (D80 o WIS Tl 2SR 7HATS 1Y
o, ZHY Foxte ¢l THFig. 5B). CD86L] W
gk CD80F FY S AHE YERHATHFIg. 5C). Two-
way ANOVA #4243 &8 3 F=2& AgsEs 77
BT PSS MAA] %= AR YERT

LA 2= X2[off hE CHAMZL| BEM =7
RAW2647 M EFE bR %%%% 1 ug/mL DPQJ_
T2 Hgsle] LPsE &4 sst
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e 60r ab a ab
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Fig. 3. Effect of cultivated wild Panax ginseng extracts (CWPGE)
at various ages and doses on phagocytosis activities of RAW264.7
macrophages.

B

Bead- Bead+

Cell number (%)

Fluorescence (FITC)

Fig. 2. Phagocytosis analysis of RAW264.7 macrophages on fluorescent microspheres as assessed by flow cytometry. Microbead co-
cultured cells were fated for macrophage (A) followed by the assessment of fluorescent for the quantification of phagocytic cells (B).
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A J

Activation marker expression (MFI)

Fig. 4. Representative histograms of activation markers on RAW264.7 macrophages as assessed by fluorescent antibody staining and

flow cytometry.

RNA % COX-2¢} iNOS mRNAE 7}7} gRT-PCRS ©]-&
sto] A@siach 1 Az, Qul7k-6 A4kl ol E4E
(arachidonic acid)S 712 =& 3lo] PGsE AA 3= COX-2
o] AAlES B2 (CTRL)ol| thu]3te] Akkat FEEo
A A 7] (p<0.05)3HA 7Hade Boy, ZHd uet
M FoAQl ztol7t flS-S HATHFig. 6A). B3, ofn]
=A4F o271 (arginine)S ATAR 3t NOE AA3h=
INOS®| AALF A Akgate] 2o mE {94 zpol=
sSeon, TR sds AAFS B ATHFig. 6B).
COX-2¢} INOS7F M3 3733 AARRIARD NF-«kBe] A}
%24 olgfo] L E = B (Hong et al., 2002)3 1&g
o, AhFike]l 2Ee mE AFA W] fol= mv] g
oz FErt

FE= XM2/0l WE MM HEYS AOIETI

8 Folol mE At Aol £74l

F2Eo) 954

o] FHlol] & vlAl=A #lstr] fsted, LPSE A=
H RAW264.7 A2ZZF2] vl F-S ELISA kits ©]-8-3he]
IL-69} TNF-a2 A Zatgth Atekate]l 283 Aases
EgolxtE AA3t] two-way ANOVA E213F A3} 1L-6
o wrjge =Ho] Jagle] A wel f214
(p<0.05)°.2 FrAshe= BEFS E A thFig 7A). a8y
Tukey’s post-hoc testE F3t] 247e] X |+S vlust 2
I}, 792 FE2E 1 ppm oA IL-62] —Hﬂ]Ekg 34

FZEE3} Bluste] fo)Foz ghaa ]9ﬂ1:]-(p<() 05). tta}
792 10 ppm Ao 3%, 3&51% ) 54 ZEE A
227 vlaste] [L-69] #H| o] ﬁg FA NN
H A THp<0. 05) ‘rr/‘]'O]'ﬂ] TNF- (1-4 RS two-way
ANOVA 43 A3} &
o] wet 7ast
ppm F=2 7dZ FEE
3 9 sde FEEY

HAhp<0.05). ol= AFdt &=

mlo

%‘\E}(p<005)(F1g 713) 53] 10
A 2]l A TNF-a2] #H]
Hlwste] foxog 7HAshs
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Fig. 5. Effect of cultivated wild Panax ginseng extracts (CWPGE)
at various ages and doses on the surface expression of activation
markers on RAW264.7 macrophages. Fluorescence conjugated
monoclonal antibodies specific to CD80 (A), CD86 (B), or MHC-
I (C) were treated for the quantification of mean fluorescence
intensity (MFI).
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Fig. 6. Effect of cultivated wild Panax ginseng extracts (CWPGE)
at various ages and doses on the transcription COX-2 (A) and
iNOS (B) in LPS-stimulated RAW264.7 macrophages. Total
RNA extracts were transcribed with specific primers and house-
keeping control as described in the Materials and Methods.

A
gof 3 3yrs O 5yrs WA 7yrs
ab a bab
3 ek T a
E 60 b b
=2 b
< g0t c c
©
=
20f d
0
011 10 011 10 011 10
CWPGE (ppm)
BSO-D 3yrs [ 5yrs W 7yrs
Z oo a a
> 6or a ab a ab
£ b
3 40F b
T
z c
= 201
0
011 10 011 10 011 10

CWPGE (ppm)

Fig. 7. Effect of cultivated wild Panax ginseng extract (CWPGE)
at various ages and doses on the secretion of pro-inflammatory
cytokines IL-6 (A) and TNF-a (B) in LPS-stimulated RAW264.7
macrophages. Cytokine secretion in the culture medium was quanti-
fied by a commercial ELISA kit.
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H7ksl7] $15ted % bead2te] FHIYS ot Eal5S
=43 Ax, At FEEY 29 2 Alszdd wE
FEFE gl oz AgE 3 $H4 W7 EolA
03 FAAA g del CD80, CD86 X MHC-I12] 2
S S A, Aol 2F o e fo4 Aol=
AT} ol & Fatod, BAA Al sE=TMA At
FE2ES HFY 4G, =5 Aaglo] A W)
T2 FAERE Aoz HridEd giMxe 954 vk
< LPSE &3l A=3t9s A9, 954 WiEds A
Jsk= COX-2 ¥ iINOS9| A FFS Abkrte] =5 9 A
e FFS A @Ro, AF Ale|ETRI IL-6
2 TNF-a= A F528 255 AHgA 2H 9 F7ll
gl f-o)A o2 haste S Rt uEh, 7d 2ol
3da2r frojFo®) et ufg 2h2 Hf]olA FaF
a0 JE AL Addy. =5, 332 L o] &5t 7d
o3 AR 32 1 o)de] FES 713 2he TR A
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