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ABSTRACT

Background: Although a number of Panax ginseng cultivars have been developed by Korean
researchers in recent years, there has been insufficient analysis of their beneficial properties. In this
study, we sought to identify useful ginseng varieties as functional materials.

Methods and Results: We evaluated effects of root extracts of 10 ginseng cultivars (Cheongsun;
CS, Chunpoong; CP, Gopoong; GP, Gumpoong; GMP, K1, Sunhyang; SH, Sunone; SO, Sun-
poong; SP, Sunun; SU and Yunpoong; YP) against the inhibitory effects of nitric oxide (NO) and
reactive oxygen species (ROS) production in mouse brain microglial BV2 cells, as well as the
binding of N-methyl-D-aspartate receptor (NMDAR), a marker related to memory. Ginsenosides,
such as 20 (S)-protopanaxadiols (PPDs), including ginsenoside-Rb1, -Rb2, -Rb3, -Rc, -Rd, and -
Rg3 and 20 (S)-protopanaxatriols (PPTs) including -Re, -Rg1, and -Rg2 were analyzed by HPLC.
We observed that the cultivar GMP showed the highest inhibitory effect (60.8%) against NO pro-
duction at 20 xg/ml. Those cultivars showing the significantly highest inhibition effects against
ROS at 20 pg/mb were K1 (57.3%), SP (54.5%), YP (53.1%), CP (51.7%), CS (50.9%) and SH
(49.6%). At 50 pg/ml, K1 showed the most potent inhibitory effect (51.2%) on NMDAR binding.
The total phenol content of SH (1.89 mg/g) and K1 (1.73 mg/g) were higher than those of the other
cultivars, whereas in terms of PD/PT ratios, the values of CP (0.98), K1 (1.05) and SO (1.05) were
lower than those of the other cultivars. On the basis of correlation coefficient (0.7064) between
NMDAR inhibition and ONOO™ scavenging activity.

Conclusions: The findings of this study indicate that the cultivars K1 and SH could be useful ginseng
resources as functional materials with favorable cognition-improving and antioxidative properties.

Key Words: Panax ginseng, Anti-oxidation, Anti-inflammation, N-methyl-D-aspartate Receptor,
Total Phenol, Ginsenosides
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Ols2 - 4&s - Foir - 2kl - X2E - deE Y - SER - USS
M oA ZEZ] x| gokEo] Pasitl (KHIDL 2018). B3 14
7HESIA] ek WAk A7 REER NEET oy
o1 (Panax ginseng C. A. Mey)S FEFUF34 HAZZ, D235 9 W 717 5 45 7154dve] A
(Araliaceae)ol] &= thadA ZEowAM e 4 - 59, T4l vja) AT 2 213} AR 2] sfdte] wEi)
A7 E 6 - 7801, 8 - 9del AT F AFHE 4 F o webA, B Aoas 7] AEE 10 F9 A4 FF e

A E Bl e 2 B WA Al ARS-EY (Jung
and Shin, 1990).
Qo] gl tist] FolRolA Falah TS YA

o
Be Fom 9o, A2 wuw AdNE iel 7Y
2}

N (Reay et al., 2005), S48l (Choi et al, 2006), A
(Hofseth and Wargovich, 2007) ¥ ¥2E# X T5F (Jang
et al., 2019)°] RIS ikl e HRo 2= 2T
FF (Kim ef al, 2008a), 3]2/d& (Cho, 2015), HEdE
ZEH Lo EAE (Kim, 2016) 18] FAEAlol= AR
(Kang and Kim, 2016)°] Slt}. 14ke] A& oAM= Z1A| =
Alo|=x okl A] (Nag ef al, 2012), A7ZAH T &3} (Rausch
et al., 2006), ZITh¥ 35 <3} (Siddigi er al, 2013), I
(Kim et al, 2017¢) ¥ 2174EPFEE A (Kim et dal.,
2018) 5o Ag)4 T5S VERITL Bk B 14t
= Ao e AF ToE Ryt FE ol gHAR duje &
= (Attele et al., 2002), ZHA] 2 &8l (Kim et al,
2017b) E37F A, 93 E7]= d9E 9 [T (Wang
et al, 2009) &7} o J)5A LA Y 5] dEE
A 28 1917 WiokaL stk

oMY 9] 7 XL g YEE o]gof2 Ak
APgelM o] =8 F7tel uhet oAk Boke Aol kAl
Fodu7t HA=, 16 A7IFE 1] AuE AR 9
gupehs Fdzke] A} gyl AdEA a4
548 /He 489 FFo] MEHAT (Wang er al,
2016).

Mg QI FF FolM AF 5 50 FE el 79
W ZH Aol = g AJol7) HIEIT (Ahn ef al., 2008),
Ase] e F9E AR AAeAel= ghgke] AHES
B3gk vb QUok (Li ef al, 2009). &3, HF 5 3 M FE
o] Ao 7] EApet A2 A Ale|= $HEF (Kim ef
al., 2017a)°] FE 14t FZoA BHIEOL 2 AollA
oF 7ol 10 Foll o2& B2 49 A FFol U8 &%
g M APl SRS 7 H7KeE AT Bt

e, SielH o st Ao wet dzxstolm A Au)
T =3t A E R gke] g go] FTIteEH] A}
PAH R F Fo] HaL glonvt 7] e AsAE F
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o
RS L
o [e]
=

lo

=

=
-

10

£ A5z sl AFEBY 2 N == 71 A A

29] 01§42 Bk s A7 ) ZwAlEeIA )
& As B4 2 s B BAsz /Y #a

glutamate 8A 2] UF <2 N-methyl-D-aspartate receptor
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FE= T dob
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Table 1°] YERASIS
= Zhll FrefA]l Aol= Tt
2. N9t

B ATE $3 AFEE A]eFSE Dulbecco’s minimum
essential media (DMEM), fetal bovine serum (FBS)+
Thermo Fisher Scientific (Waltham, MA, USA)lA +43}
%32, NaCOs= Kanto Chemical (Tokyo, Japan)ollA T3}
%t} Folin-Ciocalteu reagent, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), 2',7'-dichlorofluorescin
diacetate (DCFDA), lipopolysaccharide (LPS), dimethyl
sulfoxide (DMSO), penicillin & streptomycin (PEST), gallic
acid, 3-morpholinosydnonimine (SIN-1), sodium phosphate,
dihydrorhodamine 123 (DHR123), sulfanilamide, N-1-napthyl-
ethylenediamine dihydrochloride (NED), L-glutamate, trizma

base % ethylenediaminetetraacetic acid (EDTA)E  Sigma-
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Table 1. Ginseng cultivars and the yields of root extract.

Ginseng cultivars (abbreviation) Yields (%)
Cheongsun (CS) 41.2+0.9"
Chunpoong (CP) 36.0£1.0°

Gopoong (GP) 41.9%1.5%
Gumpoong (GMP) 44.1+0.2%
K1 (K1) 38.7+10.2°
Sunhyang (SH) 42.9+0.8"
Sunone (SO) 40.5+4.9°
Sunpoong (SP) 35.7+10.2°
Sunun (SU) 37.9+7.4°
Yunpoong (YP) 43.0%£1.9°

“Values with different alphabet are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT).

Aldrich (St. Louis, MO, USA)IA 43k Th.

Phosphate buffered saline (PBS)= WelGene (Gyeongsan,
Korea)oll 4], [PH]CGP39653 % scintillation cocktaik> Perkin
Elmer (Boston, MA, USA)°|A, HCI= VWR international
(Radnor, PA, USA)°lA, NaCl2 Junsei Chemical (Tokyo,
Japan)oll 4], KCI2 Yakuri Pure Chemical (Kyoto, Japan)©ll
A BT AAAle|= SR Bod e
2 X ginsenoside -Rgl, -Re, -Rg2 (S), -Rg2 (R), -Rbl,
-Re, -Rb2, -Rb3, -Rd, -Rg3 (S) ¥ -Rg3 (R)= Biopurify
Phytochemical (Chengdu, Sichuan, China)e] A5 AME-51%
Burdick & Jackson
(Honeywell Research Chemicals Inc., Shanghai, China)2]

AFS Tofste] ARSI

3L water, methanol, acetonitrile<

3. MI=

> g
S (VLT

Hl

Az A FF ¥ FEEY AEXZHE, 39 &
A 2 kA AEls A4S 93] mouse brain F-E
3L A=

microglial cells?! BV-2 AZFE AR50 37C, 5%<]
CO, 279 vjk7|o|A 5% FBS, 1% PESTS X3&sl=
DMEM HiA]& AR&-3ste] wijFalaict.

4. MIZOIAO] MFEie Kol B4 % MIZZAIZN st
sk 2M
[=Jn Ly |

Qi FFW We] FHEO) WYL ARBHS B

=

#3 Jeong T (2018)2] Wl uhE} lipopolysaccharide
(LPS)l 23 =% 2k} A (nitric oxide, NO) AJAdel
g ARHEE LA ST

BV2 Al (2 x10° cells/ml)S 48 well plate] 253 o
= 24 AZF viekel 3 QM FEHE FEE F@ETEE 20
1g/mlyE serum free (SF) media®l] =< 2 A|7Hs<t )28}

o AHZ|EHA

1"

R ZM|A|= EIE

o YR 9 FAAUNELTS e AEE
vl dimethyl sulfoxide (DMSO)E SF media®l o] 2 Al
ZFEQt Agstal WAl E AAE F 0.5 pyml =2 LPSE
A2t 24 AI7F 5 7t well2HE 59 (1A 50 s
Z&l 96 well platedl]l &4 H3, 1% sulfanilamide 50 1 2}
0.1% N-1-napthyl-ethylenediamine dihydrochloride (NED)
50 (& 22 7hsted 520 nm oA e] FFES
microplate reader (BioTek Synergy HT, BioTek instruments
Inc., Winooski, VT, USA)S |83l =43t

Tk M FEH FEEY AEFHE BHS fEiMeE
Jung 5 (2009)°] ®Hel wheb S AFEE BV-2 AllaEolA
AL Asls

24 N7 7t well2HE wiAE A AT F 0.6 mgml &

=l §

g ¥

E=9]  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) &+ WIXIE A2tk 1 A1 & 72 well

o] MTT Hr WA AABT dimethyl sulfoxide (DMSO)
£ 7Hl formazans 833t & 540 nm 3goxe] FHEE
microplate reader (BioTek Synergy HT, BioTek Instruments
Inc., Winooski, VT, USA)S AME-3t S43Ht).
5. MIZolIA{Q]
Aollgtd &AM

i Fo ¥E] FEE0 S Asles 5] 9
A BV2 ME (5x10* cellywell}E 96 black well plate
of EFsta 16 AlZF Bt wids & i FEH FEE
FFETE 20 pg/ml)yS serum free (SF) media®l] o] 24
AlZHERE AEletiom A 2 SAUNELAS SlsiA
AEE =9 &ulcl dimethyl sulfoxide (DMSO)E SF
media®l] o] 24 A|7HERF AE Sl 0.5 pg/ml LPSE 12
AlZF B¢ xR or HYsidnh 10 pMe 24.7-
dichlorofluorescin diacetate (DCFDA)E 30 &7} A3t &
PBSZ MA3la wWhg-o] 1 7+ well> microplate reader
(BioTek Synergy HT, BioTek Instruments Inc., Winooski,
VT, USA)E AFE-3}o] excitation 485 nm 2

2 emission 530
nm 27 FFS AR (Lau er al., 2007).

2Lk (reactive oxygen species, ROS)

p
[¢)

L

.

6. N-Methyl-D-aspartate (NMDA) & H0ls %
peroxynitrite (ONOO") &HS &4

A4 FEH He] FEE2 NMDA 8490 tigk Alols
< Bola] 98 sills 5 (1991) 2 Lee 5 (2019)2] 4
of wlel Attt WA, 4T 1 mg2] proteinoll sHF3}k
£ Y= Hudy #2908 5 nM [PH|CGP396539} 34 5
mM Tris-HCl (pH 7.7), 10 mM EDTA-Tris®} 37 <%

T 50 pgmee] 14 FE= X HRATS PIEgH 240l
A 60 7+ vlFSIHEA 100 uM  L-glutamate =3 3ol A]
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29] NMDA $-&Ao| th3dt v)Eo|a ATS AASIFT). u) Table 2. HPLC analysis condition on ginsenosides from ginseng

& 5, AEE 21F ool glass fiber filters (GF/B, Brandel cultivar root extracts.

Inc., Gaithersburg, MD, USA)Z 41&3] oJ3}3}aL, 48 sample Parameter Condition
cell harvesterE AF&-3l9] ice-cold incubation bufferZ o] Instrument Agilent 1260 Infinity HPLC
A A Asgom, omde AzAZ F scintillation Column Accucore C18 column (3.0 mm X 50 mm, 2.6 £m)
cocktail2 AFE-3}e] scintillation counter (LS series, Beckman ;?]LL:)?;SJ\;? 30C
= 0]93 soactivi
Izst;jlj\l}ez]i;;c., Fullerton CA, USA)E ©]-8-3}¢] radioactivity Wavelength 203 mm
= <ro .
oA} E;m Mo =zmo irite (ONOOY! T Detector DAD
s mo= T ==l peroxynitrite ( ) Injection volume 2 £
St A% A4S SsIAE Lee T (2019)9] WhHol wlet
- Solvent A Water
96 well microplate (black)ol FF&F%T 70 pg/ml o] === .
_ Solvent B Acetonitrile
ZASG AE Ee= AEE =9 dimethyl sulfoxide
_ Flow rate 0.8 m{/min
(DMSO)YE 10 £ E 53}, 90 mM NaCl, 5 mM KClI Time N 0
0, 0,
2 100 uM diethylenetriaminepenta acetic acid2} 10 pM 0 % 10
dihydrorhodamine123 (DHR123)2 -3t 180 (£ 9] 50 s 90 10
mM sodium phosphate ¥+ (pH 7.4) 718ith x4 20 - ”3
o2 7+ welld] 50 yM 5X9] 3-morpholinosydnonimine 95 -0 30
hydrochloride (SIN-1)E 10 2 2SIl 5 7+ Ad-20)A Gradient elution 30 60 40
HES-A)7] 5 excitation 485 nm 2 emission 530 nm of|A2] & system 3 0 0
3 =E microplate reader (BioTek Synergy HT, BioTek 60 15 g5
Instruments Inc., Winooski, VT, USA)YE AF&slo] =43} 62 15 85
5|
At 65 90 10
70 90 10

100 /4 &} 2% Na,CO; %—0“ 2mle &3 2 B Z 50% HPLC (Agilent Technologies Inc., Santa Clara, CA, USA)
Folin-Ciocalteu &9 100 S 713t 30 E7F WESA]7|L S AMEEIST). ol 5o 2 water (A)?} acetonitrile (BYE Ak

ol W] 750 mm Igele] FHEE BHYEA 851 gradient system HE3lA EAAHOH, £ 08
(Cary-300, Agilent Technologies Inc., Santa Clara, CA, ml/min, A8 FYPFL 2w, AP 5= 30C= YTt
USA)E o]gste] A3t 2t Alge] & dlE g2 (Table 2).

wllc 2id® TEEDZ ALl S FHERRE 2

B P (y = 0.0226x + 0.0639, R? = 0.9886)S 24 8. =M

st ALl (Lee ef al., 2019). 13} Txm wp] 22 uo] o4 W AR BA ASC

| r

H

QU B el FEE DAl §Y

o

SR AFog AL A} (n = 3)EA H + BEFAANE VERA

o1 FEE NEE 02 g2 AYS| o} 50 ml LA or, 5AA F24L SAS program (version 9.4, SAS
Ha 70 % W2 25 & ¥ o2 15 B7F J¥E . Institute Inc., Cary, NC, USAPIA ANOVA B4 A&}
50 m 2 FE3siem 4ToA 1,600 x GE 10 £7+ A& o §-94do] AL At p<0.05 N4 Duncan’s Multiple
gate] Aozl AEAE 02 m PWEHR FE|E o3 F  Range Test (DMRT)E AABIHOH, 448 2 &4
AlggA oz ARgEIUT) S M| Aol FEEALe 7} o] A#AGE Pearson’s correlation coefficient A AHHE &

=
7F70% wEES ol8stel WA 1 mgml 2 AR F 70% o8t A=Ediith
HEeEZ g43te] 2 ppm, 10 ppm, 50 ppm, 100 ppm,

200 ppm FFEH 0T TR & A ARGt XA AL 2yt o A

ol= EA FAH|EE= UV detector (DAD)S} Accucore C18

column (3.0 mm x 50 mm, 2.6 /m, Thermo Fisher Scientific 1. ket EBY %] FE22| microgliadiiMe] MIEZSAIE
nc., Waltham, MA, USA)°] 2% Agilent 1260 Infinity Microglia (2XAX)= =9 HFgo dil EAst=

12



olaf FE2| delgd A TMIA0|= Bt

—a [=]

neuroglia (glial cell, glial, A7HolwAEZ)e] o FEZA
AAZA F glial AE2] 10% - 15%e] 313 (Ginhoux et
al, 2013) == o e, A9RIFH 9 7THo=EE
monocyte/macrophage Aol £:38l3 FFAAA 4l thal
22 wgshs AES0]th (Gehrmann ef al., 1995).

Microglia’t €/d38}=]™ L-argininedlA H]&EH f2]71¢1 4t
slda (NOYo] thAF=ZS nitrite (Chao ef al, 1992)7} T
Fog Agd By ohlz}, Tk Al ETRIE, 24 Ak
% (ROS) ¥ HAF RNS)©] MAE} (Hansen et al.,
2010). ©]=2A] microgliadlA AAE NOgt WHAS 711 &
2RSS AP E A SN A5 EH] = (Boje
and Arora, 1992), microglia’} "i7i gt 217 952 g=3lo]H
¥, 371y, o 7385, human immunodeficiency virus
(HIV) &4 2]ujol 22 AAEHPA Agke] o] F83g o
S Bt} (Zhou er al., 2014). T3, BA3HE microglia®l A
A73¥ ROSE FHSA Asiskd &4 AsdgAolA A%
HAGEZEA 2838t} (Hansen ef al., 2010).

w2bA], microglia®l E43ke Aslishe 22 AAHET2
oA ARFEHYS AsAD 7 UorE 2 A7 = mouse
brain 2] microglia?! BV2oll i3l microglia E/ds}ol] <jst
ANEESE Fdetet] AHEEE LPSE o8 (Lee ef dl,
2013a) 3k A4t (Panax ginseng C. A. Mey.) 254 g
FEE] AEFTAE, 95 (NO AA) Aslls 2 44
(ROS) A3lss A8k

A Az, 2o Z2AE M E5E e FEE0

BV2 AEe] FH0] WAL 9B IARAL o RS >

F

a? 140 = 5 b 3 5 a
< 120 14000 828 1052 1003 975
5 100 {
s g0 -
@
£ 60 A
o
a 40 4
< 20 -
|
0 L]
- + + + +
Mor NC CS CP GP

GMP K1

21 8u (DMSO)FF A2E B4 (Noryg 100%= 3H<
o, A4t FE FEFE ASEE 52U DMSO ¥ LPSE ¢
SAYERT (NC)2| FAE 82.8%7HA f-2lalA 7H4askiTh
Tk HEFEE 20 wgml A4 B W] FEES LPS
£ A3 AFAZAFAME 97.5% - 105.3%2] HEFAE
S Ho| SAURAY vis) AESAL0] FoleHA =UTH
(Fig. 1). 3HAITE <4t F5d m Zholl= folst
zol7 gilom ol= A AEEe] Aol pol7t gigle
b2 o 5 My 25 FXEE AJo|7} glo] LPS
o o3l AaE MEFAES IEATE 2o AIEHUTH

rlo
(o}

2. ot FBE 2l FEZ2 microglia®iiMe] LeREA
(NO) Aolls

BV2 AlZeire] AT S Hristr] Slal s 2kl
122 (NO) A4 Aslls B3 e LPSE HskA] &
NEEZ =<1 guf (DMSO)RF 2]d FAEE Nor)dl )
DMSO ¥ LPSE Azgt 249243 (NCelA NO #
Z7kI9em Qi F5E ¥ FE2E FFE: 20
rg/ml)7t LPSE Waste] Azjst Al sxgd gl = 49
ZAF| vls] NO #hol folahAl Hasisiet. ¢, 7+ A8
o] tigk NO AY HA=E A=A gt Asl&= et
WSS o, LPS Fx2]H 43S 76.7%c19o it &
% Mg 2Z2B0 2849% - 60.8%2] AseS JER) LPS
ol wet FAEE A3 vjsiME E40] Tt A

1.0 PN
e & F AT

Mo 2 kI my

3, 94t EO| dojME FF (GMP)] 60.8%= <14t
a a da a a 3 a
1053 998 1022 1002 104.3

100.2

+ + + + + + +

SH SO SP SU YP

Ginseng cultivars

Fig. 1. Effect on BV2 cell proliferation of ginseng cultivar extracts. BV-2 cells (2 x 10° cells/well) in 48-well plate were treated with
sample extracts (at the final concentration of 20 xg/ml) in serum free (SF) media for 2 hours and with DMSO in SF media as
normal and negative control. The wells were followed by LPS (0.5 ¢g/mf) treatment for 24 hours. After treatment with 0.6 mg/mé
MTT, the optical density of formazan was measured at 540 nm. (-); LPS-untreated experiment, (+); LPS-treated experiment. LPS
means lipopolysaccharide. Nor; normal, NC; negative control, CS; Cheongsun, CP; Chunpoong, GP; Gopoong, GMP;
Gumpoong, SH; Sunhyang, SO; Sunone, SP; Sunpoong, SU; Sunun, YP; Yunpoong. Statistical analysis was performed by using
SAS program. "Values with different alphabet (a - b) are significantly different at p < 0.05 by Duncan’s Multiple Range Test

(DMRT).
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60 -
50
i 40
s 30
Z 20
10
LPS 0
(0.5 pg/me) + + + + + + + + + + +
Nor NC CS CP GP GMP KI SH SO SP SU YP

Ginseng cultivars

Fig. 2. Inhibition activity on nitric oxide (NO) production of ginseng cultivar extracts. BV-2 cells (2 x 10° cells/well) in 48-well plate
were treated with sample extracts (at the final concentration of 20 xg/ml) in serum free (SF) media for 2 hours and with DMSO
in SF media as normal and negative control. The wells were reacted with 0.5 1g/mé LPS for 24 hours. Optical density of the
reaction supernatant was measured at 520 nm. (-); LPS-untreated experiment, (+); LPS-treated experiment. LPS means
lipopolysaccharide. Nor; normal, NC; negative control, CS; Cheongsun, CP; Chunpoong, GP; Gopoong, GMP; Gumpoong,
SH; Sunhyang, SO; Sunone, SP; Sunpoong, SU; Sunun, YP; Yunpoong. Statistical analysis was performed by using SAS program.
“Values with different alphabet (a - ) are significantly different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

FEE TAMXME 7P e AsleS BoH, K (57.3%),
A% (SP, 54.5%), 9% (YP, 53.1%), % (CP, 51.7%), %
A (CS, 50.9%), A8 (SH, 49.6%)> SAEAA 72e 3
E9o] NO A4 Aslaats 7= Zle=® RIHAL, tho
Z A (SU, 47.0%) > IF (GP, 393%) > A4 (SO,

28.4%)9] o2 NO A4 Aslazs Jepielth (Fig. 2).
3. ol SBYE Y2l FE=2 microgliadiiMe] g ik

(ROS) KAalls
A FEE e FEEC st S Frsl Sl
BV2 A|zzejA] LPS A2 A" &4k (ROS) tish
A e B Adds, LPSE A skA] @il Al
=1 vk AEgh B4 Norg 10002 31
gsgol| Hjs) LPS9 AEE F<Ql fuivke x2)3h
i EdE= SV, LPSe AlS
FE e FEE AgAEEdIME &
frolsAl Haskad
e
ZAF] FEF=
(CP)] 31.8%, K1°] 30.2%, A3 (SH)°] 26.9%, X% (SP)
o] 25.5% 2 AZ (YP)ol 24.9%, FA (CS)°] 23.7%= %
2 A== 8 ROS Asiads YA, A9 (SO,
21.1%), &% (GMP, 20.9%), A& (SU, 193%) ¥ ¥
(GP, 183%) tha & &S Hof, A 5 9] 53
& FoA HE (CP), K1, A& (SH), A% (Sp) &

14

(YP) 3 A (CS)y2 &tz thell folsiAl aASAds

HebdS & F AU (Fig. 3).

4. 2} SBYE Y2l FE=9 peroxynitrite (ONOO?) &
Peroxynitrite (ONOO el thgh 14t F58 e F2&

o] aAZAHE BAseler o Ayde a3 2 3-

Morpholinosydnonimine (SIN-1)y& *J2|3}A] 23l AEE =
<l &7 (DMSO)THS: A2|d A/3d3 (NonE 10002 33

)
==I'1

Jo o
1o,
=
=
)
ed
rr
dot
ro,
)
R
5

gk &4 4L FAH R

Tt (Fig. 4).

5. el =39 %

Hols
N-Methyl-D-aspartate receptors (NMDAR)= U 3] 23} 3]

ol TUER EASEA st 71ee] AeAll Fa

3 93hS 3l= glutamate &A1) =AM Fh, e, 7}

F==2] NMDA +Ex (NMDAR)
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Fig. 3. Inhibition activity on reactive oxygen species (ROS) of ginseng cultivar extracts. BV-2 cells (5 x 10* cells/well) in 96-well

black plate were treated with the chtivar extract samples at the final concentration of 20 1g/m{ in serum free (SF) media and with
DMSO in SF media for normal and control experiment for 24 hours. The reaction wells were treated by LPS treatment (0.5
1g/ml) for 12 hours. After all of the treatments, the fluorescence of the plate was measured via DCFDA staining. (-); LPS-
untreated experiment, (+); LPS-treated experiment. LPS means lipopolysaccharide. Nor; normal, NC; negative control, CS;
Cheongsun, CP; Chunpoong, GP; Gopoong, GMP; Gumpoong, SH; Sunhyang, SO; Sunone, SP; Sunpoong, SU; Sunun, YP;
Yunpoong. Statistical analysis was performed by using SAS program. “Values with different alphabet (a - b) are significantly
different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).
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Fig. 4. Inhibition activity on peroxynitrite (ONOO") of ginseng cultivar extracts. Treatment of 10 /£ of ginseng extract or dimethyl

NMDA &A= AW A7 A
ddold FQ3 5L ARl

sulfoxide (DMSO) in serum free (SF) media at the final concentration of 70 ug/mé was conducted on 96 black well plate. The
reaction wells were treated with 180 £ of 50 mM sodium phosphate buffer (pH 7.4, containing 90 mM NaCl, 5 mM KCl, 100
uM diethylenetriaminepenta acetic acid and 10 uM dihydrorhodamine 123 (DHR123), and were added with 10 /£ of 50 pM 3-
morpholinosydnonimine (SIN-1) for 5 min. After all of the treatments, the fluorescence of the wells were measured at excitation
485 nm and emission 530nm. (-); Sin-1 untreated experiment, (+); Sin-1 treated experiment. Nor; normal, NC; negative control,
CS; Cheongsun, CP; Chunpoong, GP; Gopoong, GMP; Gumpoong, SH; Sunhyang, SO; Sunone, SP; Sunpoong, SU; Sunun,
YP; Yunpoong. Statistical analysis was performed by using SAS program. "Values with different alphabet (a - ¢ are significantly
different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

2 FE397Y 5 B 7Y A A 2 7l 3 NMDA 8A|9] Fjr}gt Wo] AAFAPE S FXI5| = st}
7¥3} (long-term potentiation, LTP) 22|31 =3}of| w} (Carvajal ef al., 2016). Z, ¥ol|x] NMDAR 4-&3%= At
NMDA F&A¢] ®stel 719 HEHe #d dh ®H I (Carvajal ef al, 20162 7FA+= Hl, NMDA 58
(Magnusson et al., 2010). Ao et g A2 AATIRAG E4E FER

7hardel @4 glutamate A 2F 0] SAYRSolG B4 Atk BF 7SR

LB
AREWA zANME W3 (Parsons et al, 2007) FA 3, NMDA =&A2] X

=
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Table 3. Inhibitory activities on NMDAR and total phenol content
of ginseng cultivar extracts.

) Inhibition (%) on NMDAR

Total phenol content

Cultivars' binding at 50 zg/m{ (GAE-mg/g powder)”
CS 39.40+4.90% 1.38=0.06°
cP 39.30+4.30% 1.21+0.048
GP 44.50+5.60%< 1.51+0.05¢
GMP 47.40+1.30%¢ 1.44+0.01°
K1 51.20+5.50° 1.73+0.03"
SH 50.30+5.00%° 1.89+0.02%
SO 42.40+3.20% 1.51+0.02¢
Sp 37.00+0.60° 1.61%0.03¢
suU 43.50+1.80Pe 1.30+0.04'
YP 38.30+1.00% 1.42+0.01°

"CS; Cheongsun, CP; Chunpoong, GP; Gopoong, GMP; Gumpoong,
SH; Sunhyang, SO; Sunone, SP; Sunpoong, SU; Sunun, YP;
Yunpoong, GAE means gallic acid equivalent. Values are means =
standard deviation (n = 3) and those with different alphabet (a - g
within the same marker are significantly different at p < 0.05 by
Duncan’s Multiple Range Test (DMRT).

L=3&lo|H (Alzheimer’s disease, AD)S} 7+
AgoX HITEE glutamate 54 2 AAFANE
(Lopes et al, 2013), A7A7157°] (Mota et al., 2014)2} &

He), ageg d=stolmHdl] 9lojA] NMDAR®Y thgh 7

B2AE NPEAS AuHonA Alss A0S %3
Aoz 71 4 & Aot}
& Ao A E54 ke 22| NMDA S8

AAF WA ZFE v, Hrhstarat
6}030114 *’@ﬁadr, 50 g/l 8] FEE AT E QA 5

FEE FoIME Klol 512%=2 7P 958 NMDA
TEA AEadE dErNeH, AEF (503%) >
474% > F 44.5% > AL 43.5% > AL 424% >
39. 4% = HF 393% = IF 383% > AlF 37.0%94
2 5% 4395 Yepd 74_1 FRI=AT} (Table 3).
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(Ambriz-Pérez et
al., 2016; Tungmunnithum et al., 2018) Qlite] HE 9 E

=2

grolE A duf, <ol vla] o] wront Hejoe
S Fof 01__.i (Chung et al 2016), A 5 B

% 9= ?J%k %’E 24 Table 3011 L}EM npe} 7ol <14t
5 W 228 F dE e A FF 9y Ed g
g oz kel gk 1.21 - 1.89 mg/g powder?] A&
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HEY A3o] 1.89 mg/gl @ 7P =k, I o F Kl
(1.73 mg/g)o] E=okom NE (1.61 mgg) > IF 1.51 mg/g =
A 151 mg/g > FF 144 mgg = AF 142 mg/g = A
138 mg/g > A& 130 mg/g> HAEF 121 mg/gd] ¢O07 =9

t} o]#e AFE Lee T (2013b)o] WA FE2EM ] F
HE ekl 1.2/100 golgtal Hag Ade 2ol7t e &

Xgon ole= Lee S (2013b)e] o4 TAl] AA okt
|HE HE3l] AMFEES ZAIS bl vls] £ AFdMe
70% OSHEERE 2 EPM_EE FEE A Aol
ufg- Aol glof] 7]1gt Aoz AL

7. olgh

=54 2| FES9| THIAMOIE et

AN zAlol == Q1] =8 &4/ % (Razgonova ef al,
2019)01™ Fohys <3 (Siddigi er al, 2013), AHHE
(Rausch ef al, 2006; Zheng et al, 2018), &Y (Kim er
al., 2017¢c; Yu et al, 2017), 18RS (Lee et al., 2014),
Y= wdlox d=slolH A& (Wang et al., 2018) E A7
24438 94 (Kim ef ol, 2018) 59 ¥4 A4S Y
Epdittar Harso] 9ok, AdF FFo thafiA Rt XA =Ate]
T g Ao] Hol s ¥ B Aoxel o] B
X €] XVH&_AME AFE biff& A BHEXR]
ok mEA, 4 5 10 7%1 M T WY FEEA F

*ﬂ’—/\}Ol‘: S Tetalr] 918 HPLCE ol-8-sted
skt
AR, i FF9] e FEE FoM AAPl= -
Rgl, -Re ¥ -Rblol| AofME AFe] 72 16.06 mg/g,
11.56 mg/g 2 21.64 mg/gC & 74 =2 £ YRS
A=Al E Rg2 (S)ell AefA= o] 0.50 mg/g, 1%01
0.48 mg/gl &2 7P wkom A Ale]=E Re, FH A=
-Rb2, mﬂw}olt -Rb3°l| QoI = F1Fo| 7.22 mg/g, 6.71
mg/g 3 1.10 mgge = 71 i&’kﬂr Lo R 0 A S A N ]
A E TF 128 myg, FF 1.36 mglg, A 1.26 mg/g 2
AE 138 mg/gE THE BS —’Fxlé BRI F QA Ao =
kol A= =34th FAAPlE R2 (R), ZIAI=AL
o]= Rg3 (S) ¥ FM=Al|E -Rg3 Ry EE FElA

_>.:

ST
S

Iz

&k 9l

_4

%8 7
=3
54

<

==11

Aeol =

AZHA 28T} (Table 4).
FEgh, Qe mRE B ZA|Ale]lE=E 30 AFL
Tz w2l 20 (S)-protopanaxadiol (PPD)2} 20 (S)-

protopanaxatriol (PPT) AI€Z EF{ZH, ZAHzAto]= Rbl,
-Rb2, -Rb3, -Rc, -Rd, -Rg3, -Rh2, -Rsli= PPDA, A=
AFo] = Re, -Rf, -Rgl, -Rg2, -Rh1& PPTA S| et}
(Leung and Wong, 2010). ¥ A&ZA3} PD/PT &M=
0.98 - 1439 FAE Kol HAF (0.98) A&l BE 4t

F= g FEE0] | o] HE-S YEREUTH
ol FZupHe| wel PD/PT H]&©°] 0.696 - 0.945 2L



Table 4. Comparison of ginsenoside composition of ginseng cultivar root extracts.

Ginsenosides (mg/g of extract)

. ,
Cultivars” Rg Re '%;5)2 %%2 Rb1 Rc Rb2 Rb3 Rd R(§)3 T%’ Total PP?:/

CS 7.57+0.13" 11.01+0.14° 0.50£0.09° ND 11.38+0.45" 4.79+0.8° 4.12+0.19% 0.67£0.02¢ 1.08+0.09®° ND ND? 41.13x1.11¢ 1.16

CP  11.54x0.13° 9.52+0.03° 0.33+0.09" ND 14.07x0.199 3.72+0.02° 2.16+0.028 0.37+0.01" 0.6320.01° ND ND 42.33%0.15% 0.98

GP  11.69%+0.11°10.91+0.04" 0.48+0.06° ND 16.63+0.39° 7.22+0.16* 6.71£0.18* 1.10+£0.09° 1.28+0.09° ND ND 56.02+1.05> 1.43

GMP  11.99%0.11° 5.54+0.18% ND ND 14.76+0.22¢ 4.33+0.10° 2.7320.09° 0.45+0.03° 1.36%0.03* ND ND 41.16x£0.29¢ 1.35

K1 12.9420.53" 10.2820.13% 0.41+0.10% ND 16.27+0.81° 4.31x0.22° 2.80+0.21" 0.48+0.04° 1.00+£0.10" ND ND 48.49+1.92° 1.05

SH  12.80%0.35" 10.49+0.25° 0.33+0.04° ND 18.37+0.51" 6.67£0.20° 5.56+0.18° 0.95+0.02* 1.26+0.05° ND ND 56.41+1.59" 1.39

SO 9.33+0.46° 3.42+0.09" ND ND 8.09+0.188 2.71+0.098 1.66=0.14" 0.31+0.06/ 0.56+0.05° ND ND 26.08+0.74° 1.05

SP 13.23%0.15” 10.15%0.08% 0.47+0.04® ND 16.82+0.30° 6.52+0.17° 5.96+£0.10° 1.01+0.01° 1.07+0.04> ND ND 55.23+0.82" 1.32

SU  11.30£0.29% 8.27x0.34" 0.12+0.07¢ ND 12.92+0.33° 4.46x0.12° 3.54%0.15° 0.62+0.05¢ 1.05+0.06® ND ND 42.27+1.27¢ 1.15 o
YP  16.06+0.14* 11.55+0.04* 0.47+0.12"" ND 21.64+0.53" 6.24=0.14° 5.40+0.18° 0.90+0.03° 1.38+0.077 ND ND 63.62=1.19" 1.27 0z

Ll

Cultivars (CS; Cheongsun, CP; Chunpoong, GP; Gopoong, GMP; Gumpoong, SH; Sunhyang, SO; Sunone, SP; Sunpoong, SU; Sunun, YP; Yunpoong. 2PD; Rb1 + Rc + Rb2 + Rb3 OEI
+ Rd, ¥PT; Rg1 + Re + Rg2 (5). ND; Not detected "Values are means + standard deviation (n = 3) and those with different alphabet within the same marker are significantly different 10
at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

&
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Table 5. Correlation coefficients between total phenol, ginsenosides and activities in ginseng cultivar root extracts. 0%

. Ginsenosides 2

Biomarkers/Components  Total phenol 3 e

Rg1 Re Rg2 () Rb1 Re Rb2 Rb3 Rd Total PD/PT =

Cell viability (%)” -0.0222 -0.0571 -0.0385 0.0114 -0.0708 -0.4151 -0.4229 -0.4418 0.0306 0.0306 -0.3942 }->I’_

NO inhibition (%)" 0.0519 0.4254 0.4046 0.2539 0.5268 0.1884 0.0707 0.0540 0.4860 0.4860 0.1418 |_‘9|__|

ROS scavenge (%)" 0.1829 0.2661 0.3619 0.3651 0.2683 -0.1271 -0.2226 -0.2174 -0.3100 -0.3100 -0.4578 okl

ONOO' scavenge (%)” 0.5778 0.1291 0.2666 0.2045 0.3472 0.1624 0.0409 0.0200 0.4014 0.4014 0.2063 =
NMDAR inhibition (%)* 0.6137 0.0582 -0.1374 -0.2816 0.0792 -0.0264 -0.1387 -0.1325 0.2229 0.2229 0.1615

ested at 20 wg/ml, ?Tested at 70 rg/ml, ' Tested at 50 zg/md.

Table 6. Correlation coefficients between the activities in ginseng cultivar root extracts.

Biomarkers Cell viability NO inhibition ROS scavenge ONOO" scavenge NMDAR inhibition
(%) (%) (%) (%) (%)”
Cell viability (%)" 1.0000 0.3880 0.2733 0.3963 0.0360
NO inhibition (%)" 0.3880 1.0000 0.4553 0.3972 0.1212
ROS scavenge (%)" 0.2733 0.4553 1.0000 0.3503 0.0361
ONOO' scavenge (%) 0.3963 0.3972 0.3503 1.0000 0.7064
NMDAR inhibition (%) 0.0360 0.1212 0.0361 0.7064 1.0000

ested at 20 pg/m, ?Tested at 70 pg/ml, ¥Tested at 50 rg/ml.,
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