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]7371101] Z=7) 5= Alﬁxﬂi,] Apge

o o Eﬁi Z2E] 3 (WHO, 2020) A=3}
olw], II=H, FA, AR _E—TL—.—E]E]- o= <
=3lo|r A= 60% - 70%2] BHlES

Jung Dae Lim*, Chang Yeon Yu® and Jae Geun Lee’

ABSTRACT

Background: Ginsenosides are known to have anti-cancer, anti-inflammatory, and antioxidant
effects. Additionally, they are known to improve cognitive ability and memory, and prevent
dementia. In this study, the physiological activity of cultured wild ginseng adventitious root (gin-
seng root, GS) containing low molecular weight ginsenosides was investigated in vitro.

Methods and Results: This experiment was conducted to confirm the acetylcolinesterase (AChE)
inhibitory activity, neuroprotectivie effect, and antioxidant effect of GS steam treatment. Through
the steaming process, a GS steam treatment containing low molecular weight ginsenosides was
prepared and evaluated. The results showed that AChE inhibitory activity, neuroprotective effect,
reactive oxygen species (ROS) inhibitory effect, and catalase (CAT) activity effect by H,O, were
concentration-dependent in the group treated with GS steam treatment compared to those in the
control group.

Conclusions: In this study, it was demonstrated that the GS steam treatment influenced the AChE
inhibitory activity, the neuroprotective effect, and the oxidative stress protective effect of GS.

Key Words: Panax ginseng C. A. Meyer, Acetylcholinesterase, Alzheimer's Disease, Cell Viability,
Cultured Wild Ginseng Adventitious Root, Low Molecular Weight Ginsenosides, Oxi-
dative Stress, Neuroprotective

A 191 3900 Tk Wo= YA or S AR o FEA
SJTt} (Nichols and Theo, 2020).

zslo|me] 9 ARlo 2= ksl 2E# 2| 9%t AlE
93} DNA €4, #53 opEEd ol 2H 2ol (acetyl-
cholinseterase, AChE) 280l &3t AAALEA JA|, e
D}un;doﬂ o]st /\]7:],\113/\]_:& HE} o}dEo|x= whilFo] <
278, 20509 gk =R19F O R B QIt} (Kihara and Shimohama,
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2004; Vetrivel and Thinakaran, 2006; Kim, 2018). | 4}
st 2EH2E AA] 713, 23 g A XA B A4
¥ &AJ4EAF (reactive oxygen species, ROS)e] &3} ©]
£ AlAsks AAtst o] Al2dle] By wEe] e
(Manton et al, 2004), @82, 22, DNA 3 ] tlsl=
AAAE =3t2 o]ojA] gzstoln] W] 7|Qlsk= A=
d# A At} (Luchsinger et al, 2003).

AChEE= AAAYEEZ oMEER (acetylcholine, ACh)yS
Eojzog Histe §4F AW2o|A AChS acetate}
choline® & 7}Eal|gle] AAAGS HRA7)2, FHo] Al
2 A5 S 4 A gt (Volle and Koelle, 1961).
3IARE AChE®] Zthgh €442 AChe] €48 dAIste] d=
sto|nE flele A0® dHA Ut (Kasa er al, 1997).
A L=slolm x|FAZ AChE AAS Ztelqls} 2l
ZE|Trlo] AREESL RO, o4, TE B AEE T &

31714 FA-go] Z#Eo] (Suh, 2007), F2HE-S hAE &
Ae HAAE g7 FAY T4 Al Aqire] s

o]Foix| 3L It} (Hahn and Paik, 2015).

Panax ginseng C. A. Meyer= 2]3%-2] 2504 ]
71% 2 Ay o 4, Ak, B4E Ak ok, EF
i, Bl=4), ginseng, Korean ginseng & ZAu|ito =
FEo} 3L (MFDS, 2021), LykaEs} A77]

2 &= ok

P, ginseng®] 8734 XM =Alo|EE ERH 2R o] =0
Fhb7 o SdRTE At wigA] Fejoln, FAbE FA] e}
D] weEl Bl 2jolg yehfa, Rl o] o
E o7 HIEI 3t} (Rao and Gurfinkel, 2000; Seong
et al., 2019).

A ALl =0 Aek e 1950 - 19700l A
¥ ZZ+% (Farmer and Campbell, 1950; Shibata et al,
1966; Sanada ef al, 1974), 1980t) - 1990dtHol= 914}
o] FMxAtol= 7150l ASENL (Yamaguchi er al,
1988; Lim ef al, 2005), 20004914 A7AE Bake] &
A 71678 8 S8l ATl o3k ARAL 1A mAte| =
W 2] GA Foke] At Es] o] FofX| AL Ut} (Xie
et al, 2005; Ahmed et al, 2016; Li et al, 2019; Moon
et al., 2019; Tang et al., 2021).

380l o8 WgkE A M| =Ale] == Rhl, Rg3,
Rkl1, Rg5, compound K 5] .o, o]gjsh AEA} A=
Alol=x QASE (Lu ef al, 2018), 7198 744 (Fei er
al, 2020), Xv} A% (Zong et al, 2019), T (Wang et
al, 2006; Li et al, 2020), HS357} (Shin er al, 2018) &
o] ofg]zhgo] HAEI UTh

P ginseng & ZAW G ARG ok 2AAE
g Faz2A02 71 (in vitro)ellX] tEF vjgshs WHo R

F2)Ee]
}1\:}5 }‘\—]——
=]
oy
oA IE =

'6"|'15‘9] %]
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g3o] YAt 23 TAREE B Aol
A 2vhe o) AR 71l AeE 1

B Ao ] 34 Aeld] o8] Washs 3
A ARA AAAlol G ) 2EdS, A
29 o9 B vastel, el 754 1
229 N B A8 S5
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1. eiis

=8
AEANF 2 (Panax ginseng C. A. Meyer) B2 &
Zlnto] 9 T2 g A 384 (Chuncheon, Korea)olA]
TS AE ARSIt AR g AxE 5 kg & 0%
100 £ ol 50C, 180 &, 5 3] &3 &, 55, 47
=S non-steam A2 2 ARGERTE. o] %, Ababal
2 500 g2 RS 100 L o FAaEte] 120C, 210
gt F, FAAZ 3 £EE steam HTYTLOE AME-
Gk (Kim et al., 2020).
FZo| AMH-E EtOHS 95% T&aF7% (Daechan Ethanol
Life Co., Ltd, Hwasung, Korea), % 7]+ COSMOS-660
(Kyungseo Co., Incheon, Korea), 755 7]= R-220 pro
set (Biichi, Flawil, Switzerland), 27%7]= PVTFD 300R
(llshinbiobase Co., Ltd., Dongducheon, Korea), 5% 7]+
HK-LHC180-RS (Hankuk S&I Co., Hwasung, Korea)S A}

&3l

2

I
EtOH

1=
RL

W

1 ™o
'[‘-{E

2

o dE 02 W

2. ZHIEAO|E 244

AAAfel 2o 3
g AT,

E4o= UltiMate 3000 HPLC system (Thermo Fisher
Scientific Inc., San Jose, CA, USAYS ARESIY, HHS
Capcell pak C18 (5 pm, 250 x 4.6 mm, Osaka Soda Co.,
Ltd., Nishi, Osaka, Japany2 AM-3IA T ©]5 82 water (A)
9} acetonitrile (B)E ¥%= FHjo] W& 71&7] =74 (0-5
min: 80-80% A, 5-20 min: 80-77% A, 20-25 min: 77
-70% A, 25-30 min: 70-60% A, 30-35 min: 60 -50%
A, 35-60 min: 50-15% A, 60-65 min: 15-15%, 65-66
min: 15-80% A, 66-75 min: 80-80% A)S AA3E &
4™ &% 30C, #5 1.0 m/min, FUF 10 4, HE9p
203 nm 2§43t

ETEHLS sigma-aldrich®] FAxAle]= Rbl, Re, Rb2,

T EET
Rb3, TE A

=1
=

W3S E91517] $13] HPLC &

o]

Rd, Rg3 (S), Rkl, Rg55 AME3I9Y, 5%
EEAE 2ge &, A2 3l fhe uisdske] Ak
< =Stk
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3. Acetylchoinesterase (AChE) 2{Kl& 2}

AChE A& £ acetylchoinesterase assay kit
(ab138871, Abcam, Cambridge, England) A|ZAMIA A|F-5}
= ZREZS AYste] FYaisin.

TR 848k AR E 96-well plateol] 50 A 3 HHE-O
2 B33 & AChE reaction mixture 50 /£ 9} AChE 0.2
Uml & E3tste] vkg (ks 30 &) 3Y ©]F, 410 nm
AA FFEE =H3IL, optical density (0.D.) &< ©}
Aol tidate] AL AESIAIL, UV/Vis
Spectrophotometer= Micro plate reader UMBS0300-3040
(Molecular Device, San Jose, CA, USA), YANZzE2
donepezil hydrochloride (Donepezil, Aurobindo Pharma. Ltd.,

Hyderabad, India)g AM-3F5H

=%

AChE 9A1& (%) = 1 - (0.D.,/O.Dy) x 100

0D, 249 71283 A8 ¥ 3 Z3n - U2 39 %
0D, 849} 7189 vg T Z3T - g2 4=

4, MBNIEZ Bsa

4-1. MI=ZHjt

MEAF AME-EE human 2] 41701 MAZF SH-
SYSY (KCLB No. 22266Y= eH=A225-23] (KCLB, Seoul,
Korea)oll Al -9}t ARE-3HiTt.

SH-SY5Y+= 10% fetal bovine serum (FBS, Gibco, Grand
Island, NE, USA), 2mM L-glutamine, 100 U/m{ penicilline
(Gibco, Grand Island, NE, USA)Z} 100 pg/mé sterptomycin
(Gibco, Grand Island, NE, USA)°] 3*¥3%-# Dulbecco's
modified Eagle's medium (DMEM, Gibco, Grand Island,
NE, USA) W viAIS AR&Ste] CO, wWi%F7] (MCO-
230AIC-PK, Panasonic, Kadoma, Osaka, Japan)ol|lA] B3
ATk 37C, 5% CO,). AE7F wiFHA2] 80% A= =H
phosphate-buffered saline (PBS, pH 7.4, Gibco, Grand
Island, NE, USA)S.2 MEE AW, 0.25% trypsin-2.65
mM EDTA (Gibco, Grand Island, NE, USA)E =] 2|3}
Al st om, vk wixle 2 drbct A&k

42, MIXZ 4EE Bt
ME AEE AL CCK-8 assay (Dojindo Molecular

Technologies Inc., Rockville, MD, USA)] #|ZAlolA AlF
sl ZREZS HYste] Fsisin

SH-SYSY A2 dEtele FHlskar, d7A71E o8-8t
HNEE AF3ATE FEAIZ] SH-SYSY A EZE 96-well plate
5x 10 cellwell2 £33l 37C, 24 A 7F Z<¢F CO, w5}
Aok wjg viAIE AAT F, A EE HTlste] 24 A7F vk
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H7kste] 2 A1ZF F7E STk, olF, 450 melA] EYE
g 27515, OD. 2 olhsh & Mol tistol A 4
288 sAe0] AE S4E DRl

AZAEE (%)

= NE A FE= /AE FAHEF §45) < 100

L=kex=1on]

= A7AAEe] BE G Tan? Kim (2016)2] Z2E
< AP st Ss

HEAZ] SH-SYSY AIEE 96-well plate 5 x 10* cell/well
2 1F3e] 37ColA 24 A7 B9t CO, w3 vl
X A|AS & 5uM amyloid B-protein fragment ,s.3s
(APys3s, Sigma-Aldrich Co., St. Louis, MO, USA)9} A|
g2 2 $dUET (50 pM ascorbic acid, Sigma-Aldrich
Co., St. Louis, MO, USAYS #7lsle] 24 A7+ vieFsisict.
o] % well G uj%¥ ¥lx] 100 /4, CCD-8 & 10 L& 7}
stod 2 AIZF FRF F7RRS ST o]F, 450 nmol|A FE %
sto] AZA|E 4ol et R &S Hwsiich

5. MRINER|A ARG}
5-1. SHMAE MM

ROS <A &4L& DCFDA cellular ROS detection assay
kit (ab113851, Abcam, Cambridge, England)] #|ZA}ellA
Agele ZREZS WY ste] T3

HEAZ] SH-SYSY AIEE 96-well plate 5 x 10* cell/well
2 E5ste] 37Co0A, 24 AIZE B3 CO, BigstAct. vl vl
A& AAT F AJg L P ZF (50 pM ascorbic acid)
S A7hstel 24 AIZE E}F wikskitt. o] F, wellel 300 uM
hydrogen peroxide (H,O,, Samchun Chemicals, Seoul, Korea)
£ 3 A7 A 1, AEE YAEYsEa PBSE Al S
t}. 25 uM DCEDA solution d7}sle] W xjpuraiw
g2l 45 22 RESAIRL F, PBSE AEE AIHSIAL 1x
supplemented buffer2 M*ZE F-FA|A dark clear bottom
96-well plateol] seeding 3t FF=E =H 3}t (Excitation/
Emission = 485/535 nm),

5-2. F1Ee| &M

Catalase (CAT) ¥4 catalase assay kit (Cayman
Chemical, Ann Arbor, MI, USA)Q] A|ZAMIA A= X
EEFS H¥st] T

91°] ROS Assay®t sLgt o2 Ak AxE A4l
sl PBSE AlHSIATE o], 0.5% triton X-1003} 5

mM B-mercaptoethanols X3Sl= ice cold 0.1 M Tris/HCI

KN
T



(pH 7.4Y& o]-&3}o]
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6. SHIX2]
tlelHE H+t
2 (B3
Z3 Al 7k
ANOVA test)S &3}
At
A A FARTAL A frolido] 1AL Akl
W DMRT (Duncan's Multiple Range Test), 54H]
A ¢S Dunnett’s T3-tests ARE3IHOH 5% G20l
o3& A3 (p < 0.05).
ZE BAEH ¥AS Statistical Package for Social
Science 12.0 K program (SPSS, IBM, Armonk, NY, USA)

< ol&skit

)
=
s
a
2
w2
N
a
172}
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oo e

A

S
=
=
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1. TMIEARIE
24t (Panax  ginseng C. A. Meyer)8]l ¥ non-steam,
steam A2 F FAlAtel= (8 F) TS WALkt
Non-steam 2]l = JAEAR]E 12027 + 1.60 mg/g
o] A&HAUtk ©]F Rbl 35.03+1.12 mgg, Rc 1845+
1.14 mg/g, Rb2 22.94+2.07 mg/g, Rb3 4.58+0.16 mg/g, Rd
39.27+1.32 mg/ge] FHgol AHFEJAL, Re3 (S), Rkl, Rgs
= E4E HAoh

Steam AHZZIME F JAEAR|E 94.00 +4.42 mg/go]
AZE ATt Rbl 7.90+0.59 mg/g, Re 3.31+0.23 mg/g, Rb2
4294030 mg/g, Rd 12.96+0.62 mg/g, Rg3 (S) 33.54+1.55
mg/g, Rkl 16.59+0.84 mg/g, Rg5 15.40+0.77 mg/g®] 3+
o] AFE YL, Rb3= E4Z HAUTh

AM Aol =9] &S pon-steam THH] steam #2720l A
Rbl, Rc, Rb2, Rb3, Rd= 74t ®EHA, Rg3 (S), Rkl,
Rg59] o]l F7kehe A& SISkt (Table 1 and Fig.
1.

Yang 5 (2006)S <14HS 5 o,
ZAHx=Ale]= Rgl, Re, Rb2, Rb3 743k &, Rf, Rg3 (S)E
WIS, oufe]] F ZA|Ale]= F Rg3 (S)9] HIES
23.7%% ZASHIAL BAEIATE Lee & (2018) AHte o7
20 IS W, ZEA FA=EAIE (Rgl, Rg2,
Rbl, Rb2, Rd)2] H|&L 749, ARA AAeAlol=
(Rg6, Rh4, Rg3, Rh2, Rh3) H|&o] Hd 17.52% ol &
7tE e, ol a2 ZgoR EAl A wAtel=e A
e dFFE] AFe] BelEE Aoz HISIGTh £ A

Stk
oo

140C, 3 A7t 55 89S
5

hul

=2
el
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Table 1. Comparison of total ginsenoside contents according to
steam treatment.

Ginsenoside Contents (mg/g)

Ginsenosides

Non-steam treatment  Steam treatment

Rb1 35.03+1.12 7.90+0.59

Rc 18.45+1.14 3.31+0.23

Rb2 22.94+2.07 4.29+0.30

Rb3 4.58+0.16 N.D.

Rd 39.27+1.32 12.96+0.62

Rg3 N.D. 33.54+1.55

Rk1 N.D. 16.59+0.84

Rg5 N.D. 15.40+0.77

Total 120.27x1.60 94.00+4.42
Each value is means = SD of nine replicate tests.
FolA & Rbl, Rb2, Rb3, Re, Rd7F 74k WA, Rg3,
RKI, Res7h 247 Q4% F7ksiglon] ol Aads 23

DOEET S

2. AChE %HIgn}

AChE assay= A174H1EEd AChs #3)3= AChEY] &
A& EAs= AIFLZE 0.1 uM donepezilS FANZFLZE
sto] dizel gk dAEE ekt Non-steam 2]
o] 739, 18.8 wg/mk, 37.5 pg/ml, 75.0 ug/ml, 150.0 wg/ml
9 300.0 pg/ml o] FEol|A TR (100.0 = 0.5%) thv] 2kt
6.96+0.17%, 17.90+0.24%, 26.86+5.29%, 88.06+ 3.84%,
122.64 + 1.72%°] AChE®] Aafl&S YEPHJA O™ steam #]
g 717t Y FEolA 2586+ 0.62%, 86.70 + 1.19%,
102.50 £ 2.38%, 116.24+3.97%, 130.68+5.55%2] JA&S
BT (p < 0.01). AAHLZ non-steam THH] steam 2]

qA] L AALS YeRNUSH, 75.0 mg/mb - 300.0 ug/ml
FTroME HHURTHY =& AAES YERAT (Fig

2).

Lee 5 (2009)% ICR miceZ oz 3+ AT Fof AlY
A ZMEARI= Rg3 (S} 6.73 mglg $HFE S4t FEE
200 mgkg & Fo 82 W, it (100%) tHH] oA 9]
AChE®] o] 82% ZAsIA A, Kim 5 (2013) =3 Za}
9l X2l s 719=Ee AFEAIZ] miceol] S FoAE
Rg5, Rh3E 77 FolstlS w, AChES] &4 <jA]9}
BDNF (brain derived neurotrpphic factor), CREB (cAMP
response element binding protein)e] o] Frlsle] 7194
28 FfAgtia Basit)

A7AA AgE A7 )E A8, il AMEARE, =3R4 Al
T2, vESZEEol 715 R FREL olF AA7)s A

3= ACh, BDNF2| E&4J3lol| <]s)] 2y3it} (Hou er al,
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Fig. 1. Representative HPLC chromatogra
Rb2, Rb3, Rd reference standard, (B
treatment.

2020). ACh AAFAGEAR a5 719 F83t 98-S
afm, g=stoln] Szt Hox AChe] % A <l Blal] %

gygez e Aoz ¢eA Jr} (Kihara and Shimohama,
2004). ACh& AChEd] 23] acetate®} choline® 2 H3|=H,
Wl ol RolE 2S5 FX3lsta B84 dHRE d4st
QA5 7199 AstE FEAZIY Musial er al, 2007,
Han, 2009).

Tachikawa

=

5 (1995)2 ZFAHx=Alo]= Rg37} nicotinic

acetylcholine®} GABA 8o A&&2l oA 28-S s}
3 Bslglon, JAAle]= Re3, Re5, Rh3e the ZA)

ONon-steam treatment

160 -

140

120

100

80 A

60

40

AChE inhibion rate(%o)

500

280 300 325 350 375 400 425 150 475 500

Time [min]

ms of ginsenosides non-steam treatment and steam treatment. (A): Ginsenoside Rb1, Rc,
): Ginsenoside Rg3 (S), Rk1, Rg5 reference standard, (C): Non-steam treatment, (D): Steam

Afol=9) thE A AChS #3llsk= AChE A o= =
&3fe] AChe] #3llE Ak A= 4EA] Aot (Hou er
al., 2020). ¥ AlE Az} YT steam A E]EollA =
o]EH 02 AChEE 9Alste Zlo] 1= oH, &2 7
AlrAtol=e] ofs) ARGt S7heE Aoz Azte|ofxict.
¥ 955

3-1. MIEZZHEZE o}

L) 18.8 pg/ml 37.5 pgml, 75.0 pg/ml, 150.0
pg/ml 2 300.0 pg/ml, 600.0 pg/ml D 1,.200.0 pg/ml o] G5

rc=
o 1-=

OSteam treament

L2

b i

Positive 0

150 300

control

Contentration(ug/mg)

Fig. 2. AChE inhibition rate of cultured wild ginseng adventitious root by steam treatment. Positive control; 0.1 uM donepezil. Data

are presented as means = standard deviation. Significant difference compared with control by Student’s t-test (**

< 0.01).

Significant difference compared with positive control using One-way ANOVA by Duncan’s Multiple Range Test ("p < 0.01).
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Tl

A 74K
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O Steam treament

120 -
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100 4 = _I_ _— E3
— —

— e *E
= 80 A _I_ HE ux x e
z -
£ 60 -
=
S 40

20

0 T T T T T T

Control 18.8 375 75 150 300 600 1200

Contentration(ug/mé)

Fig. 3. Cell viability rate of cultured wild ginseng adventitious root by steam treatment. Data are presented as means * standard
deviation. Significant difference compared with control by Student’s t-test ("p < 0.01).

o Z_Xér:s_]_.

o2 AL CCK-8 assay= A E2] AEEL = Az},
2 AE AAEES 100.00+0.55%%2 3F1S ®l, non-
steam A2t ZFZF 9597 +0.23%, 95.70+2.38%, 98.86 +
0.86%, 102.69+ 1.78%, 76.27+5.48%, 74.30+4.53%, 73.06
+3.15%, steam A2 106.05+ 1.39%, 104.01 +5.07%,
112.31 + 1.62%, 113.60 + 1.61%, 80.79 +2.06%, 75.32+
0.86%, 70.46+5.06%2] AEAE=ES VERISILE oI5, 80%
ol/de] M AEES YERH 18.8 pg/ml - 300.0 pxg/ml o] &
Lol 2AFME B8-S G (Fig. 3).

3-2. LIBMIE B

ABHE HeEde 4 f‘z A}, & 100.01 + 1.79%
tiH] AR 7325 + 0.61%2 ABAHE A=) 7t
238193 (p < 0.01),

50 uM ascorbic acid& A E]¥ FAANEZTL 8929 =
5.62%Z AEE0] S7RINT (p < 0.01).

Al FEE 18.8 wgml, 37.5 pgml, 75.0 ug/ml, 150.0

pg/ml 23000 pgml o FFo 2 A3 739 non-steam A
e AAAE BEES Zh7F 7532+0.95%, 81.58 =+
1.53%, 84.62+2.47%, 81.30+1.00%, 81.95+2.07%= U}E}
WL, steam A ET2] A9 79.91 + 2.89%, 80.68 + 3.63%,
83.22+4.13% (p<0.01), 86.48+3.77% (p<0.01), 82.76=
1.78% (p<0.0)E YEMIAIL, steam A F 75.0
g/l - 300.0 pgml FEANAME 80% olge] BAXLSE &
oJgk &do] SRIEATt (Fig. 4).
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2 4#A T} (Thal er al, 2015).
Park ‘%‘ (2007)% ABz5 350ﬂ —04—8“ kﬂﬁ
SY5Y AlXEe sijulelr] 5% 5 U A2eis

Aldo] =g SH-

o, Al A

Z=go| 80%= 271811, Jang 5 (2019) AB4ze 2] s}
o gxslolHE FEAIZ] miced A4 vl FEFE 100
mgkg - 500 mgkg S 3 FZF AT FAEHE wl, IFE

500 mg/kg AE]rolM ARy, Sl ofel AdE A 27t

ok e E]lsiit

Xie 5 2010y ZA|=Alo]= Rblo] APasssoll €8+ Al
A 2 A ZAPE S JAIZT Y 190, Chu 5 (2014)S
A Aol = Rg57F BDNF B IGF-19] &S S7HAA,

Ap AFE NIt B ST

B Aol AP steam HElwE 150 gzl FE
2 AL FollA 8648 + 3.77%] ABME BT st
FEALL, 75.0 pg/ml - 300.0 pgml FENM BAHCR
Folgk B4< Yehllo] p < 0.01), g steam A2
o] AAAE £A4L8 A= ZoFE AlREHXH, B A
ol AFR ABE Ap AL oAt TEme] A=A
AlE AEEC] ALY 718 Zloz AlsE.

4. rRI~ERIA RIS}

4-1. B RIS

AARMEZA H0.E Aelste] BAEE S44H4
A}, 2T 48.70£2.08% thY] 300 pMe] H,0.=
SAYEFNA 100.00 +3.71%2 ST =
< 0.01), 50 pM ascorbic acidE 2|3+ YAFFL2
62.52 + 0.32%= &) AUt (p < 0.01).

Non-steam *2]+-& 18.8 wg/ml - 300.0 pgml %
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Fig. 4. Neuroprotection rate against Ap,s.35 of cultured wild ginseng adventitious root by steam treatment. Control; not treatment

(neuroprotection rate in SH-SY5Y cell), Negative control; SH-SY5Y cell treated of 5 UM AB,s.35, Positive control; SH-SY5Y cell
treated of 5 UM AB,s.35 and 50 UM ascorbic acid). Data are presented as means = standard deviation. Significant difference
compared with control (*#p < 0.01) and negative control (*p < 0.01) by Student’s t-test. Significant difference compared with

negative control using One-way ANOVA by Duncan’s Multiple Range Test ("p < 0.01).

ONon-steam treatment

0O Steam treament

120
= #H
£ —
c 100 - I —E—
=]
§ —E
£ 80 —I— _x:_ —E—
? $S
= ——
= 60 A
s
Z 40 1 =
E o
=]
=20 A
c]
&}

0 T T T T 1

Control Negative Positive 188 375 75 150 300
control control

Contentration(ug/mé)

Fig. 5. ROS generation inhibitory rate against H,O, of cultured wild ginseng adventitious root by steam treatment. Control; not
treatment (ROS generation rate in SH-SY5Y cell), Negative control; ROS generation rate of SH-SY5Y cell treated of 300 uM

H,0,, Positive control; SH-SY5Y cell treated of 300 uM H
deviation. Significant difference compared with control

A

nd 50 UM ascorbic acid. Data are g)resented as means + standard
< 0.01) and negative control (**p < 0.01) by Student’s t-test.

Significant difference compared with negative control using One-way ANOVA by Duncan’s Multiple Range Test ("p < 0.01).

Z}7F 102.04 + 1.51%, 97.47 +0.84%, 90.81 +0.89%, 80.03
+1.07%, 54.62+1.62%, steam A2 97.26 + 0.30%,
79.69 +4.78%, 77.05+0.65% (p<0.01), 38.61+0.62% (p
<0.01), 26.63+0.27% (p<0.01)E JERNJSL, steam 2]+
75.0 pg/ml - 300.0 pg/ml FEONA SAF R Folgh gLt
A ARl a3 ERIEAT (Fig. 5).
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Fig. 6. CAT stimulatory rate against H,O, of cultured wild ginseng adventitious root by steam treatment. Control; not treatment
(CAT stimulatory rate in SH-SY5Y cell), Negative control; CAT stimulatory rate of SH-SY5Y cell treated of 300 uM H,0O,, Positive

control; SH-SY5Y cell treated of 300 uM H,0, and 50 uM ascorbic acid. Data are
ignificant difference compared with control (*/p < 0.01) and negative control ( n
ifference compared with negative control using One-way ANOVA by Duncan’s Multiple Range Test ("p < 0.01).
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4-2. F1Eetd g

AAAEA H0.5 A st AdEE 7HEepHE 34
A3, gZ27 100.15+2.95% ¥ 300 uMe] H,0,5 A2
3 SANRTZANN 66.36+5.18%= 7FEEtA] EAdo] 7hAiE)
AL (p<0.01), 50 uM ascorbic acidE *2]e YJHZTL]
735 10242+ 1.20%= Zdo] S7IATH (p <0.01).

Non-steam A2+ 18.8 1g/ml -300.0 pg/mlb ST 247}
4235+ 1.00%, 57.16+0.84%, 63.35+1.00%, 70.39 + 0.89%,
7431 +£2.70%, 55 ]S 5299+ 1.58%, 68.40 +3.05%,
7638+ 526% (p<0.01), 85.66+3.04% (p<0.01), 88.12+
6.16% (p<0.01)2 YeERNAL, steam AT 75 pg/ml -
300 pg/mb FEoNA FAR R Folgh JhEEkA 2485t
1= AT (Fig. 6).

AEA] WellA A== ST AR 23S 3435}
3 MEE EFINTIE AshEe] Ak Akdoln, olgh &4
2HaES DNA, 3 ey} ghgato] Ale] w=slef APES
A7), 3 AWl Fa Yedog U4 Utk (Kang,
2013).

Free= MEAE 93 H0,5 H09F 0.2 23l 3
AL @3 (Nandi e al, 2019), A A A AL
HEE s 54 F SR A ke 9%t
=3}k AAet= o7l E EHA doH
(Bukowska et al., 2000), d2F0aFo] oA} FhEtA] Suf
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(Lloyd, 2013).
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$presented as means =+ standard deviation.
p < 0.01) by Student’s t-test. Significant

2 AHAME A &2} M| eAte|= §Fo] F7HE steam
5 WA AS H,0, Aol o5 7= 2444
S AT = o, H0, Al sl sk
71 84 Eo] v oEF oz IEFHE S FERIE
ATt

E A= AR SRR} A AL M| Al =
o] o] Wskeh= AS Al T A Ao g
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