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SUMMARY

This study was conducted to develop a new method for enhancing ginsenoside Rgs,
which is abundant in black ginseng (BG) and to evaluate memory enhancing effect of

processed BG using amnesic and ageing animals.

BG was prepared according to the traditional manufacfuring method: “JLZ&KJUEE”.
Ginsenoside Rgs was not detected in white ginseng (WGQG) and its content in S9WG, 6.44
mg/g, was about 53.7, 11.9, 5.0 times higher than that in 2-, 3—-, 6-time repeatedly steamed
ginsengs, respectively. However, the current method for preparing BG has several
disadvantages such as long-term consuming production, limit to mass production, etc,
which lead to the high price and poor acceptance. In order to make BG more popular and
more accessible, several variables including steaming temperature, time, steaming number,
etc. that affect the quality of BG were investigated. As a result, a process was developed
for preparing a novel BG (6.56 mg/g). Moreover, the PAHs contamination was not detected
by GC-MS in the finished BG products.

BG was also found to be fairly nontoxic when oral acute toxicity was examined in rats.

However, a chronic toxicity study is needed to further support the safe use of BG.

Subsequently, it was conducted to compare antioxidant activity and effect of
cholinesterases inhibition for WG, red ginseng (RG), and BG extract. RG and BG showed
high inhibitory activity to both cholinesterases, such as AChE and BChE. BG exhibited the
highest total phenolic content followed by WG, RG. BG showed significantly stronger
activity than WG and RG on DPPH radical scavenging. BG also had the greatest XO
inhibitory effect, followed by the RG, WG.

It was investigated whether administration of Korean WG, RG, and BG extracts
(200 mg/kg, p.o., respectively) could protect against SCOP-induced memory impairment (2
mg/ip.). WG, RG, and BG significantly reversed SCOP-induced memory impairment in the
passive avoidance test and also reduced escape latency in training trials of the Morris
water maze test. The increased AChE activity produced by SCOP was significantly
inhibited by WG and RG. RG and BG significantly increased ChAT activity. SCOP
administration increased oxidative damage in the brain. Treatment of amnesic mice with
ginseng extracts decreased MDA levels and restored SOD and CAT activity to control
levels. Treatment with WG, RG, and BG showed not only significant decrease of AChE

protein expression, but also increase of ChAT protein expression in the cerebral cortex and



the hippocampus of amnesic mice induced by SCOP.

It was undertaken to investigate whether long—term high (3%) and low dose (196)
of WGE, RGE and BGE diets consumption for 8 months in middle-aged mice would alter
serum cholesterol levels. Especially, the 3% BG diet group showed significantly increased
levels of HDL-cholesterol by 30.9%6 compared to the control group. ChAT activity was
significantly increased to 20% in the 3% BG diet group compared with the control group.
Western blot analysis revealed a significant increase of cholinergic marker (ChAT and
VACHKT) and synaptic marker (GAP-43 and SANP-25) and NGF protein in the 3% ginseng

extract diet group compared with the control group.

This study evaluated to check whether long-term treatment with RG and BG
extracts (200 mg/kg, p.o.) would result in the prevention of the memory impairment in
aged mice. Ageing induces DNA damage, but RG and BG may protect DNA from damage
or allow recovery of DNA in mice lymphocyte. Western blot analysis showed that the
AChE, ChAT, and VAChT protein expression in the hippocampus of the RG and
BG-treated mice were significantly increased as compared with the aged control mice.
Significant increase in synaptic marker (GAP-43, SNAP-25) and neurotrophic factor (NGF,
BDNF) protein levels were showed in the RG and BG treated group by comparison to the

control group.

Ginseng extracts markedly reversed the D-galactose induced learning and memory
impairment by behavioral test in Morris water maze. In order to seek the genes
responsible for learning and memory, 12,060 genes were investigated in the rat
hippocampus of all groups using c¢cDNA microarray techniques. Among these genes, 276
genes were at least two—fold different compared D-galactose group to other ginseng
groups and 324 genes were related to neuronal activities. The effect of ginseng extracts on
improvement of cognitive deficit were related to its ability to inhibit the biochemical
changes in the brain of D-galactose treated rats. Ginsengs restored SOD, catalase, GPx,
Na+-K+ ATPase, ChAT activities, but decreased MAO-B, AChE activities and MDA levels

in brain of D-galactose treated groups.

These results suggest that the processed BG may be useful for the cognitive
improvement via regulation of the cholinergic marker, synaptic proteins and neurotrophic

factors and the antioxidant defense system.
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3l 7] NSk A}y gk,
Ginsenoside-Rgsi= Rbi ] C-200] Z3H o)
& FHA YA E minor ginsenoside®A] RE 3}

-

1.

54 e

R

1,1::1:1

ZFo] glucose?t &x@ o7 Jl5E

LN

S¥ F A AATERE TR

Gle(1-2)g!

0 o}A7x 2 AP @ <lale] 2« dAxe] 7}27|% 2 ginsenoside Rgs] 8Hake =
tistst A4k Al 71eAdSl H7E AT S rEskal ol & o] &3 AATsA AlFE
Mol AtdlE e AEelt)

O Z4ke] ¥7]% Al g EAeass Aoz FA3ta ol &A= 3 ¥7)%
M D752 %S AEsed ) AR of e} Al e R AAY s Alwel #
Aow AbE P

3. A3l - 314 Zu

b AWM AZAES] 284

O f2vel 654 o3 w=dd+= 1990 oF 2109 HollAl 20000 °F 320%F 9, 2020
ol = oF 6305 ®eoll o] Ze = ool HAA <l -9 °F 125%E A Ao
At wekd s 214 7)o EojAWA w2l 1Tl AujE v %o ¥
ddgtsc] Avte o8 B AL A EAZ tFskA 2 Ao

O =REr g3t AZE Q1A sHA Yo AAsHA Fstara s &7F AXEA D4
AEE Sa oWl #Aalo] molAar gt}

O well-being 230l gk FAlo] F7lE il ot =R15s o= 3 Falsh AEFMd
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sheich

A Z

X
i)
v
i
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ok (1). 28L& ACE

o]-&3

=
=

<2 HPLC (SPD 20A, SIMADZU, Japan)

sheirh.

AL

UV detector (203 nm)E

-
1.

H, A&7

(A)3¥} acetonitrile (B)2] gradient system
= 0-30% 20%, 30-60% 20-45%, 60-78%- 45-75%, 78-80%- 75-80%, 80-100+F- 80-100% ©] %

°f

KeN
=

5 Cis (250%0.4 mm, 5 pm)

KeN
=

o =
=

}\o],

5

°f

o #4<& 1 mL/mim o] o, A8 10 tLE Fstd ). 1159 ginsenoside

98% o] 3] <

-
1.

standards (Rg;, Re, Rf, Rg,, Rb;, Rc, Rby, Rbs, Rd,20(S)-Rgs, 20(R)-Rgs)

HoA et

G

zt= 712 % Hongjiu Biotech Co. Ltd (Jilin, China)ol| A ¢

— -
-

N

—

=
o

ol
)

o

o
TR

=0

—

) Xn.
cd
o

—

k]

_ﬂl

60T ol A~ 2423t

kel
T

2421

FATE (2).

G

S @)
Sae Az

L
o

o

av
P
——

il

—

e
N

1z
-

3

70% ol EF-2, 100% of 8-S AM&

T

[s)

Fele SRS

$3L, soxhletF=Z-2 75-80C oA 3, 6413k

FE8] FEEES Y

N

boiet

o

it
ojy

2
—_

4

=E 80, 100, 120C, FT5A17He 152, 30
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Wl ginsenoside Rg; $H&FS W] a3}l T,
9] PHAs <¢td A A7t

ub. Al

3

102

al

1
o

20 mL methylene chloride-2-

)A
ol

s

)

_zH

o)

1 mL&

kel
T

il

3
T

l

3|

)

2

sheirh.

5

7

=
ha

=
=

Z*E& 2 mL n-hexane®.
1ol GC/MS

Silica-Florisil column®]] o] 3} A7 t}. t}A] 80 mL methylene chloride-n-hexane (1:9 v/v) &3t

g o2 elutionr] 71

<]

el

=

=] 7]_

o)

=

3} 99t} methylene chloride %98 & %F2] sodium sulphate

5

FEe AN

¥}

o
I

LS

1

=}
1o

}o] 343l 2 Cholinesterase ©) 2|34 A

cyclohexane®l internal standards

%

2

A

o

R

0
TR

ojy

.
;oo

o

kel
T

il

k)
pad

F Tk (3).
}o] 60Tl A 147k ‘&<t ultrasonication

<]

<]

ARG A %

tol %
o 80% o T 10W] % 7}

—
o

i
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o

,ﬂl

—

olr
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Blois (4)2]

(o]
(electron donating activity; EDA)S] W ¥-& 2 HF A

kS|
=
o

L

=1
[¢]

1.

(6]

(1) DPPH 217 2 7]
DPPH radical A7
x 10*M 1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma Co., St. Louis, MO, USA), €9 0.8 mL
%t} DPPH radical 4~7
o] Axrste] Aol



EDA (%) = (A —B/A) x 100 97|14 A= FH7F7¢] FFE0lal, B AR H7brolE
Hreoltt
(2) SOD A &4

SOD f-AFE4d & Marklund & Marklund (5)¢] ¥hHol whe} #paFsl4 A (H202)2 A 3HA
71+= WkE-S Zvl 3l pyrogallol (1,2,3-trihydroxybenzene)] A @S =A3}e] SOD A}
g0z ey 9 F52 A& 10 pLlef pH 8.52 X A3k tris-HCI buffer (50 mM
tris + 10 mM EDTA) 130 uL¥} 7.2 mM pyrogallol (Sigma-Aldrich Co.,St. Louis, MO, USA)
10 pLE #H7}3te] 250Cel A 1087F ¥+& & 1 N HCl 10 yLE 7}3te] v+&& AR AHA
th whgof 5 AFslEl pyrogallol®] & 420 nmol| A FHEE FA3F] AR HIboF
HIAT Abole) FREY AolE WP eI

SOD A5 (%) = (A —B/A) x 100

Q) 9= FF

ZeoEel dld 05% FeCl3 HAwkss Saazd & AR
]

lo
o
e
il
i)
ol
I
g

phenolics content)-2- Slinkard & Singleton (6)2] HFHof wz} =A3FAct 10 mg/mL 5 ==

AR e Az 5, ARG 50 Lol 7.5% NaCO; 15 mLg 7hshe] FE3 E3s

3L 10% Folin-Ciocalteu *]¢f (Wako Chemical Co., Osaka, Japan) 1.5 mL-E& 7}3}o] A2 of

_l

A 308 st WAEaL &

ofd

5 Al (Genesys 5, Milton Roy, NY, USA)= 765 nmol A4 ¢] &

o
b
(ld
B
o
_0|L
2
vl
of

i)
il

Sheke tannic acidel] 93k wFHAE o] 831e] polyphenol

©}. Cholinesterase (ChE) 2} Al &4
ChE ©4] &4 L Ellman®] W5 (7)S Wd3dle] A A3t} Acetylcholinesterse (AChE)
¢} butyrylcholinesterase (BuChE)2] 7] 2 - acetylcholine®} butyrylcholines: AF-&3}3tt. 0.1
M Na-phosphate buffer (pH 8.0) 340 uL, 2 mM 5, 5’-dithiobis (2-nitrobenzoic acid) (DTNB)
40 pL, A& 40 puLet 50 mM Tris buffer (pH 8.0, 0.1% bovine serum albumin)el] =<l
AChE, BuChE (0.22 U/mL) 460 pL-& &33sk & A2o)A 1023k vh-&A1Zl $-, 7}7Fe] &
2 71221 3.75 mM acetylthiocholine iodide (ATCI)®} butyrylthiocholine chloride (BTCC) 10
L W3l 287 410 o4 $HE WelE SAelsivh &4 o)7]e] ChESASA &
vhge) Aol me Asl el
AAE (%) = [Ao - Ai/Ag]x 100
Ao : 79 FRI
Al . A RS T3

ICso value (mg/mL) 7] A 2] 7[F=EHZE 50% #HaA7|=d B3k A7 &F

=
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ow&:i

mlom]OOZi

B

j&(

5] %.olo] ©)@ AChE®] A &3}

7l A s
A Fo] 25-30 go] +=# ICR mices () thdl nlo] 2
FE 555,
stk %ol 14)

Zk, 6413, 24413 At S

mlo

9 (NIH, National Institutes of Health)ol| A A|A|3t 7]
P i, Fdisha w9 d3] e 52l stol 3w st

(No. 85-23, revised 1985)%

2 &)

=4

olt

BN
T

HN

<!

1}. x4 9] AChE &
AChE 84 &

<

712 ARG-3h= Ellmane] W (7)& W3}

108 2] homogenization buffer (12.5 mM sodium phosphate

acetylcholine iodide& g
& A8tk A5d Hol
buffer pH 7.0, 400 mM NaC)Z 2 3}3le] 1,000 goll A 1083t
oz AL&35H9.

Ellman's &< (10 mM DTNB,

3

ol

ARG F 45

KeN
=

= o)
A H L

0.1 M phosphate buffer (pH 8.0) 2 mL,10 mM

15 mM sodium bicarbonate) 50 pL, *HzZ <} 0.1 mL&

121

= =
= I

kel
T

gete] Al

cuvetteo] @il Ao 1027 H-&A

7k 75 mM acetylthiocholine iodide 10 pLE 7}
s}

3}o] 410 nmol| A 283 Akl o
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Olﬂ

12713 o] w4412

401'

IIJ

(No. 85-23, revised 1985)S
3 = A T}

L}. Hematolgical, biochemical analyses
EDTA7} Azl e o] Ho} 27| (Sysmex XE 2100, Japan)=
RBC, WBC, 3dvE =2 EX, MCV (mean corpuscular volume), MCH (mean corpuscular
hemoglobin), W 248 ZH439 . EDTAE X2 314
3000 rpmol| 4] A2 3t i s oo i

creatinine, BUN, cholesterol, Glucose, Bilirubin, Protein, Na, K, Cl<]

] of &

o]l 1
E]T = T

EES o3 AT Aeje
& =

1537k did=

1. =
AL =

E 5o FA38ke] 3000 rpmel| A

, glucose, ketone, bilirubin, blood&

Formaldehyde-& <§of] 317 3l
5 5 uM=z A
st

e}
T

slide glassol|

%

stelvh olaba 4
steavt



AFo] 25-30 go] #A ICR mice® (FIUETOIA Fealo] £E 2322T, FE 50 +
5C, 12~ 7 dark/light cycle =79 AlSAo|A AFUA7 ZSA AT E3 AR FHE A

AAAE 1AZE Aol Z+2; 200 mgkg, 10 rng/kgA TER 7351 o Ft9lon, 7]

Jo ¢
=
o
o
:oé
S
2
~

13 30% Aol scopolamine hydrobromideE 2 mg/kge] T L=
sttt QIAFSZ &3 tacrine, scopolamine® A ]2 ¢l e) o] AFESISal, H RS F
22

S8 Folstsin.

*’F%ﬂﬂ’éﬁu% AZE & FAoZ g2 wi ofF
£ (Jungdo Bio &
20 x 20 cm&%, A

[‘-{o

wem 730 tprold A
lant Co. Ltd, Seoul, Korea) ©]-&3}o] AA|&qvt. ztzbe] +38L2 20 x
17} EE S ole gid e pAEE. FEHY 498 2
A= positive control= tacrine (TAH, 10 mg/kg)S Sz AT
Folglgon, Uxae 49 4UNATE TN 14aE 27
Hho| =31 10%7F ¥4 A 71 3 Z 29 (guillotin door)S Fo] o 55
o7 B 4 A 39t (Gemini Avoidance System, San Diego, USA). o] uj
A7 F 60 o|Ue] o] FL Wor Sol7hH = vhgai= AdoX A9 A
ZREe] Y F vhSavt o 58 WoR Tolz WrAe Ae ZAsto]

A& (acquisition trial)o] &} A Qs HT;. wpEATF o] FL Zom Sojrtd 2

N g
o o ¥

r
i

24 ﬂﬁ
o

(ld
o

fl
rm
o
e 12 mo = Y

23, 0.5 mAS] A7) A=E 3% wo grid vFES Ed 524 Fo] whgATF o] F 7
st=E skt g5 AlE (cqulsmon trial)o] Bk x| 24A)7F Bo F7] 7)1 w A
A4 FE2E FHE FAsAT 5, FEdy Y A 60 del e e <
A FEa THAS A7Fofsklal, Fol 30% Fd 7199 &4 F2str] #13ke]
scopolamine (SCOP, 2 mg/kg)s B} Fol3ldrt. v ~s e who A 10x237F &3
3 ARREE i o e H}OAA 4ito] t} SojrtEd AEE AFS =

1::

E
A 3} 91 th(retention trial). ¥h2 ol A] = AR 3002714 S48kl

_‘i

. 52 23 -Momnis water maze
2
I

AL ¥ pool (A7 120 m, 3£°] 65cm)te] =& 30 m o] A-5-3L(23

d

=
£2C), Fx 48H 3 8o AH 10 cme] =3 th (escape platform)E ol lemof

A B3 AL B Fol WU melA @l seith. 49 e platform
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3l Ao 10% &<t platformo] ™ & }o] platformg 7] 822 31Tt 51
2 AL 208 AR NkEsY o, A3 SUAd = working memoryE A 37| 9

3}o] platforme A A 8}ar platforms 2rol7li= Al ZH(escape latency)S- 7] 5 3= probe test

E s (8).

o y-rl 2 23

YRz A8e ar171 g e 1 S094Ee 9] 9% WHOE ICR mice®
olgstel  AFshgitt WEADIANG A AHFFTH  teined  FTF]E

scopolamine-S- 2 mg/kg §F oz A]g 308 Ao HAFFs & HZAES HAAF AT
Y-v] 2= g2 ofZEE tZ(Z o] 40 em, WH] 4 cm, o] 12

of sta=o} Alatgt YA} ko] Apgfo] W3Rl wlmelA Al JIAE A4 A, B, CE AT ¥

o,
I

ZFA o mhg-2E 2AAHA T 87 &t AFEA wA oA ¥ F wheaUt &
oAr 7HAE EAdE ZIEsvh kA fds Eolaks A%l A%
So12E ZEA e Al S0t Aol 7= Al TR vE TEA e A EE S
7 A 135S Fo3kdt (ABC, CAB, BCA; AA] W7, actual alternation). ¥ 73 85
(alternation behavior) Uh&-2] =g}2]o| 28] A4ksFS o).

W7 85 (%)=[2 Al ¥ H(actual alternation)/Z <) 31=-2]x100.

MAREEL ©wr)/9e 8 FHALL AgHY F FYAFE DY WHE Jeha

'z

iy
ol
O
R
(o
&
ol

=

vt ¥ x4 o] AChE, ChAT, 2 343t 2494
Water maze 4% 85 § HIFES IAAA dHIA4d3 &vtE A =3ke] 1009
homogenization buffer (12.5mM sodium phosphate buffer pH 7.0, 400mM NaCl)= % 3}&}
o] 1,000 gollA 10&3F A4Ees & Feds TAUO0E ARR3FUTE AChE €42
acetylcholine iodideE 7] = A}-23}= Ellman®] HIH-E W ste] E43 0. ¥ x4 9
A A 23l SFaF2- thiobarbituric acid reactive substances (TBARS) W oz F 243319t}
(9). Choline acetylcholine trasferase (ChAT), catalase, SOD, GSH-Px &4 &l ¥4 Kits

(Jiancheng Institute of Biotechnology, Nanjing, China)S- A}-&3}o] 293} }.

A} ¥ %A 9] Cholienrgic marker ¥ A o] g
e Fviel Ao cholinergic marker?l AChE, ChAT %3-S western bloti}
RT-PCR 412 E3fo] w2 sh mRNA 20l A vl washc (10,11)
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2 AME3+9 . AChE
15190, x4
AR

& #2E 37 QAT HAAS Ad WA= S3ke w3
7l A3 =
87 ICR v}-¢2E (F)AMELRAA Fulgh & 47147 94, &4 S5 55 1%, 3%
diet: HANES T Ao e Aaol du A Av: w2l AEsl] 80T
of BT
oo =Y B
A AL 3500 rpmollA] 15 3+ YAEE 3 F cholesterol, HDL-cholesterol,
TG, glucose 5 =5 =3},
v} ¥ x4 ] AChE, ChAT, 2 343t 2494
b A3 sfelE 109 2] homogenization buffer (12.5mM sodium phosphate buffer pH
7.0, 400 mM NaCh= A&}t 1,000 golAl 1023F YA d & FJeds 490
g4 2 acetylcholine iodideE 7] Z 2 AF&3}+ Ellmane] HHH-S W
gl 2k thiobarbituric acid reactive substances
(TBARS) HH o r F2A39 v}t Choline acetylcholine trasferase (ChAT), SOD, GR £ -2-

SEERT e
3l ¥4 kits (Jiancheng Institute of Biotechnology, Nanjing, China)S- A}F-&3}o] #43}%
LE N |

ISP

RN

2}. 3 %4 2] Choliemrgic marker, Synaptic plasticity, Nerve growth factor 1l 4 o] w3
3jvle} 3 A ] Cholinergic markere]l ChAT, VAChT, Nerve growth factorg!

Il

@ &}
o}
SERE
NGF, synaptic plasticity T2 <9l GAP-43, SNAP-25 vl @ W& -8 western blot 53} ©
WA W Bee
0. :zt AR W% Adl v Fakel wH ¢A
AoAR B
165 ICR v}$-2Z (F)MErFo A Frjdt 3 137 A Ao ALS3FAc 1d 4709
o w3yl vhesol FAb 4 FEES 200 mgkg $FOT 44U ATEIL F
Qofst HE Aol MR A SnE Fel AFsle] K0T LA,
th 924 o) ACHE, CBAT, 2 @4bsh E284
b A3 felE 10¥)2] homogenization buffer (12.5mM sodium phosphate buffer pH
7.0, 400 mM NaChZ 4 3}3le] 1,000 goll A 1087 dAEES & HJede g4ade
24 2 acetylcholine iodideE 7| A2 AF&3}+E Ellmane] HFH-S-
— 28 —

=2 AME3 Y. AChE

e



thiobarbituric acid reactive substances
SOD,

Sk Hxzdge AdnaE Fue
catalase,

Fato] £
(TBARS) HH oz #4359} Choline acetylcholine trasferase (ChAT),
GSH-Px &4 3|9 4 kits (Jiancheng Institute of Biotechnology, Nanjing, China)-S- A}-&

sol Eajahalny.
t}. x Z A 9] Cholienrgic marker, Synaptic plasticity, Nerve growth factor &9 4 o] g
cholinergic markerl AChE, ChAT3} Nerve growth factorg]

&

2 1kE]S- western blot

Yzxe) dviel e
NGF, BDNF, synaptic plasticity T2 2] GAP-43, SNAP-25

Shol WMAWAL v)w BAF Y}

10. D-galactose = <=/ M 7|5 7ol WX

7. A3 =
4714 ¥ Sprague-Dawley 25| & (F)AEtaLel A e & H3d 53 4
Bol AZst=s vt AdPwe AYAdFE T thxat, D-galactose (80 mglkg,
s.c) fFol, WAl FEE + D-gal T, §4F FEE + D-gal FolE, SHAFEE +
D-gal o2 UFdrh AMFEELS 5 gkg o2 oo Hrtstgch
. g vz A3
HAEFE dFH Ao = 43e A0
= =35

9. 243 1A%

FEue AYER F 24D ol AN ¥ AS

. @R 3500 pmol A 1587 QAR AP Belsla, ¥e) 94 &w
Z3o] 80T WE el MHskel A3kl

}. RNA FZ% 3 Microammay analysis
Total RNAR= slwhol A] Trizol Aok AM&5Fe] AlAbe]l 2| Ale] me} RNA 333910}
260/280nmol| 4] A =331 t}. Gene

TE RNAE UV A9 ER YEWHE o|§3ld F3=
expression< [llumina® RatRef-12 BeadChip Arrays (Microgen Inc., Korea)® +-233}9it}

v}, Real time-PCRE § 3} synaptic plasticity 24
Primer= GAP-43 sense primer+ 5°-AGG GAG ATG GTC CTG CTA CT-3', antisense primer

5-TCT TTA CCC TCA TCC TGT CG-3', SNAP-25 sense primer 5'-ATG AAC TGG AGG
AGA TGC AG-3', antisense primer 5'-CGA TTC TGG GTG TCA ATC TC-3’, GAPDH
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sense primer 5'-GTG ATG CTG GTG CTG AGT ATG TC-3', antisense primer 5'-CAG TCT
TCT GAG TGG CAG TGA TG-3'-& AF-&3}9t).

v Hx Ao a4 G4 9 AA A3 E P
AZ3 A3t FvlE 108]2] homogenization buffer (12.5mM sodium phosphate
buffer pH 7.0, 400 mM NaCl)Z A 3}3lo] 1,000 gol Al 10837 AN EH 3 & g5 R e
Yoz A28l th. AChE, ChAT, SOD, catalase, GSH-Px, MAO-B, Na’, K'-adenosine
triphosphate (ATPase) &/d<2 =4 kitE AR&3lo] F43t%ivt. A AAikst= (MDA) o

2 thiobarbituric acid reactive substances (TBARS) Hl'H o 2 £-2]3}9t}
11. JAZAxE A7 71918 A Aol v X i= Ginsegnoside Rb; 9] 7 3}
7}. Ginsenoside Rb; <
12594 2] Sprague - Dawley rats (270-300g)°l 98% o] <=%2] ginsengoside Rbl-& 2

mg/kg & F O % 3043F A FosSlvh B A scheme ot =¥} )

L}. Morris water maze test

2lelE g 52 4o Morris water maze testE 2 A 31T},

t}. BrdU protocol

BrdUE o] 2417} Fo] DNA @474 E % S-phased Al AEEY oto] E3Eo] X &
¥ DNA7Z} #43HA Wi T7siA Hol AR dRredE ged & AA dd (12)

=
T =
QI ginsenoside Rblo] slvlzzle] Aol ofd G FiA Lolrsl 913

o 48 Fnd d¥EES FJAF7] do BrdUE Foldt & 247 $of ddeES 3

2]

A5 ES vHE o] 4% parafromaldehyde 898 A4S ol #HFAIA HEAES A
5 A=Esoth 4E53 HE 4CdA AFAE 98 1243 o] HAsdth ¥ %
A& paraffing A|Z3te] 9 pm FAR x4 £do|=E AFsoATh W xA sy

Histostain detection system (Invitrogen CA, USA)-S ©]-&3} 3 t}.

vl BrdU positive cell A =
FerdAn| 4 S o] &3kl BrdUel A4 sivte] AAAEE HEE A
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Overview of the experimental design.

= Ago A dojZ A:mEFE SPSS E A package program (statistical package social
Sho] #4HEA (ANOVAYS NS, A2 tbe] §o)4 e

Duncan’ multiple range test® p<0.05 F=<=oll A oA AAS HAA A

science, version 15.0)-8- ©]-&3
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Ginsenoside

R

R

Ra,
Ra,
Ras
Rb,
Rb,
Rb;
Rc
Rd
20(S)-Rgs
20(R)-Rg3
Rh,
Rs;
Rs;

F»

-Oglc(2-1)gle
-Oglc(2-1)glc
-Oglc(2-1)glc
-Oglc(2-1)glc
-Oglc(2-1)gle
-Oglc(2-1)glc
-Oglc(2-1)glc
-Oglc(2-1)glc
-Oglc(2-1)gle
-Oglc(2-1)glc

-Oglc(2-1)gle

-Oglc(2-1)glc-ac

-Oglc(2-1)glc-ac

-Oglc

-Oglc(6-1)arap(4-1)x
-Oglc(6-1)araf(4-1)xy
-Oglc(6-1)gle(3-1)xy
-Oglc(6-1)glc
-Oglc(6-1)arap
-Oglc(2-1)xyl
-Oglc(6-1)araf
-Oglc
-OH
-CH;

-OH
-Oglc(6-1)arap
-Oglc(6-1)araf

-Oglc

Figure 1-1. Chemical structures of protopanaxadiol (PPD) saponin. Glc, B-D-glucopyranosyl; Xyl, [3

-D-xylopyranosyl;  Rha,  a-L-rhamnopyranosyl;

-L-arabinofuranosyl; Ac, acetyl
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Ginsenoside R, R, Rs MW

Rg: -Oglc -Oglc -CH; 801.03

Re -Oglc(2-1)rha -Oglc -CH; 947.17

Rf -Oglc(2-1)gle -OH -CH; 801.03

Rg> -Oglc(2-1)rha -OH -CH; 785.03

Rh; -Oglc -OH -CH; 638.89
Notoginsenoside R; -Oglc(2-1)xyl -Oglc -CH; 933

Fi -OH -Oglc -CH; 638.89

Figure 1-2. Structures of protopanaxatriol (PPT) class.

Gle, B-D-glucopyranosyl; Xyl, 3-D-xylpyranosyl; Rha, a-L-rhamnopyranosyl.

Ginsenoside

1N

Rgl

-glc UA(2-1)glc

Figure

1-3. Structures of oleic
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oo QA Arxd e ofestH Jlet 1A
Ginsenosides Experimental
Eff Mechani
(Panaxadiol) ects model echanism
Promoting neurotransmitter release by increasing
CNS effect PCI12 Cells the phosphorylation of synapsins through the
PKA pathway
Stressde mice | Lowering neurosteroid levels;
Attenuating beta AP(25-35)-induced tau protein
Cortical neuron | hyperphosphorylation by inhibiting the
experssion of GSK-beta;
Nootropic Rat brain Actions on the  cholinergic&neurotrophic
systems
. . Eliciting a balanced Thl and Th2 immune
Immunomodulataion Mice
response
. Hippocampal . . .
Rb, Neuroprotective neurons Possibly by scavenging free radicals;
Hepatonrotective Rat liver Lower TG levels vis cAMP-production in liver
cpatop Through its metabolite compound K;
Estrosenic-like activi Male rats Increase LH secretion but independent of the
g Rl MCF-7 cells direct estrogen receptor association;
L Scratchi e
Antipruritic beha(ilrii)rc :::fuse Vascular permeability-inhibitory;
Anti-ulcer Gastric lesion | Increase in mucus secretion;
Tmproving contact Mouse ear Regulatlop of COX-2 produced by rpacrophage
. o dermatiti cells & interferon-gamma and IL-4 induced by
dermatitis or psoriasis ¢ S Th cells
Human . s
. . .. . Via Akt-dependent inhibition of the
Antiapoptotic activity endothelia . . . .
cells mitochondrial apoptotic signaling pathway
Angiosuppressive activity, inhibits the
Antitmor HUVEC proliferation of HUVES, suppresses the capilary
tube formation of HUVEC
Inhibits the activation of AP-1 & protein
Antiinflarmmatory Microglial cells | kinaseA pathway; enhances the macroglial
Rg; phagocytosis of Abeta;
Against the cerebral ischemia-induced injury,
Neuroprotective Rats reduces lipid peroxides, scavenges free redicals
& improves energy metabolism
Against neurofoxicity Rats Antagonized the effects induced by ACR

Hepatoprotective

HepG2 Cells

Inhibits the increase of serum AST and ALT,
through its metabolite Rh;
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Rregulates ion channel Rat brain Stereospeciticity; from the outside
Na(+) channel inhibition; interactions with the
L . Rat sensory | S4  voltage-sensor segment of domainl]l,
Antinociception . .
neurons Carbohydrate portion of Rgz plays an important
Re; role; Modulate Ca®" channel currents;
Relaxation of smooth Canine corpus | Increases cyclic nucleotide levels through
muscle cavemosum | phosphodiedsterases inhibition;
Rats aortic . . . .
Reles vessels tings Through induction of nitric oxide synthase
Activates the glucocorticoid receptor (GR),
stimulates the expression of VEGF through a
cells effects
phosphatidy-linositol3-kinase(PI3K)/Akt
. and veta-catenin/T-cell fector-dependent pathways;
1 thelial C .

Rei Vascular endothelia Serve as an agonist ligand for GR and induce
rapid NO production from eNOS via the
non-transcriptional PI3K/Akt pathway;

Increases the secretion of plasminogen activator
and angiotensin-converting enzyme;
Antidiabetic Mice Antioxidant and antihyperlipidemic efficacies;
. Promotes human sperm capacitation through
Fertile effect H
eritie etiee Hmal SPEM 1 NO/cGMP/PKG pathway:
Increases human sperm motility by induction of
nitric oxide synthase;
. . . . Inhibition of I(Ca,L) and enhancement of I(Ks);
.Electro-physiol 1 . . . .
ectrophystologica Guinea pig Activates cardiac potassium channels via a
nogenomic pathway of
Re sex hormones;
Embryotoxic Rat embryos -
Attenuates PCI12 cells -
neurotoxicity
Up-regulates the expression of Bcl-2 protein,
Against MPTP- Mouse nigra | down-regulates the
induced apoptosis neurons expression of Bax, & iNOS protein, & inhibits
the activation of caspase-3;
angiogenic HUVECs -
Lipoprotein . .Regulat.es ap'o A-1 'and C-II mRNA, via
Rf . Mice interactions with peroxisome
metabolism proliferator-activated receptor alpha
Acts specifically on heteromeric human nAChRs
Rg» CNS effects modulating their

desnsitization
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Inhibits the mitochondrial apoptotic pathway
and increases the survival change of the

CNS effect Rat nigral neurons . . .
primary culture nigral neurons against rotenone
toxicity
C57-BL mice Reduces neuron loss by suppressing oxidative
stress;
Rats inhibits the intracellular level of cAMP;
Hippocampal Inducing proliferation and differentiation of
Progenitor cells neural progenitor cells.
Influence on neuronal, synaptic plasticity,
Nootropic& SD rats neurogenesis; Promoting neurogenesis, regulates
antidementia the proliferation of hippocampal progenitor
cells
Mi Inhibits the activity of AchE but increases that
o of ChAT;
Rg: Antiapoptosi Wistant rats o
L Increases membrane fluidity
& antiaging
Enhances Bcl-2 and Bcl-xl  expression,
Mouse neurons reducing Bax & iNOS expression, and
inhibiting activation of caspase-3
PC12 Suppresses intraellular oxidative stress;
Rat cortical neurons Inhibits the activit of JNK and CDK3,
human cells removes ROS
immunf)- Aged rats Enhances tbe proliferation of lymphocytes and
modulation the production of IL-2;
Enhances the expression of IL-2 receptor alpha
chain and inhibits the release of soluble IL-2
receptor; Increaces of cAMP and cGMP
Aged rats .. .
contants, resulting in IL-2 gene expression and
splenocyte  proliferation; Enhances CD4(+)
T-cell activity;
. B16-BL6 melanoma Inhibits lung tumor metastasis & tumor
Anti-cancer . . .
cells associated angiogenesis;
. Enhances epidermal cell proliferation,
Promotion . .
wound healin Epidermal cells up-regulates the expressions of
Rb, g proliferation-related factors;
Enhancing the
i Bovi rti . . .
Plasmlnoge.:n. pvine aorte Stimulates the secretion of urokinase-type PA
activator activity endothelial cells
levels
Rb; Inhibiting I (gly) | Hippocampal beurons | Possibly as a non-competitive antagonist
. MCF-7 human breast .
anticancer . Induced c-Fos expression;
carcinoma cells
Re .
. Modulates NMDA t bunit mRNA
CNS effects Rat brain odulates feceptor - subunt
levels
Rd Antiaging Mice Attenuates free-radical-induced damage
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r}. Ginseng polysaccharides®] ¢} st% 7] &

Pharmacological activity

Experimental model

Mechanism

1. Anti-tumor

2. Immuno-modulation

3. Hypoglycemic effect

plumonary macrophage

HL-60 cell
Melanoma B16 Model
Pgis cells in mice
Abdominal cavity
Splenocyte
Mice
Guinea pig

Mice

Mice

Induces cytokine production (TNF, INF-y, IL-8,
IL-B, IL-6, etc) (13-15)

Inhibits the proliferation of tumor cell,
leads to Go/Gl phase block (16)

Enhances the activities of T lymphocytes (17)
Enhances the activities of T NK
lymphokine activated killer cells

(LAK cells)

and

cells,

Enhances the activities of T NK cells,
lymphokine activated killer cells (18)

strengthens  the  phagotrophy  function of
mononuclear macrophage system (19)

Promotes the formation of antibody and
complement

Increase the weight of immune organs

Possibly enhances the oxidative phosphorylation
of mitochondria and the activities of succinic
dehydrogenase and cytochrome oxidase (20)

4. Hematopoiesis Human umbilical vein endothelial Up-regulates  hematopoietic g.rowth fa.ctgr
. secreted by stromal cells inhematopoietic
regulation cell Ecv304 microenvironment (21)
% Ay A48 97

Figure 1-4. Biotransformation pathway of protopanaxatriol type saponins

Glu: B-D-glucopyranosyl, Rha: a-L-rhamnose
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, Gyp YVIE R, 0-Glef6-1)Glc
% | Compound C: R, 0-Glc(6-1)Arp(p)
l Mct: R, O-Gle(s-DAm()

Gyp LXKV: R, 0-Gle(6-1)6kc
Compound ¥: R, O-Gle(6-1)Arp(p)
Mc:R, 0-Gle(6-1)Arp(f)

%, 2(S)-PPD

Figure 1-5. Biotransformation pathway of protopanaxadiol type saponins

Glu: B-D-glucose, Ara(p): a-L-arabinose (pyranose), Ara(f): a-L-arabinose (furanose)
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v}, Ginsenoside biotransformationo]l A}-8 %= w| A3} o A&

Substrates Products Microbes
Ra, Rb, Bifidobacterium breve K-110 (22)
Rb; Rd Burkholderia pyrocinia GP16, Bacillus megaterium GP27

Sphingomonas echinoides GP50 (23)

Aspergillus  niger KCTC 6906, A.usamii var. shirousamii KCTC 6956,
C-K Bifidobacterium sp. Int57, Bifidobacterium sp. SJ32, Fusobacterum K-60,
Sterptococcu SP, Eubacterium A-44 (24-26)

F» Bifidobacterium sp. SHS
Rh, Lactobacillus . delbrueckii  sp., Delbrueckii KCTC1047, Leuconostoc
paramesenteroides
Rbs Rd Bifidobacterum breve K-110 (27)
F» Bifidobacterium sp. SHS
CK Aspergillus  niger KCTC 6906, A.usamii var. shirousamii KCTC 6956,
Bifidobacterium sp. Int57, Bifidobacterium sp. SJ32, Eubacterium A-44
Rh, Lactobacillus delbrueckii sp., Delbrueckii KCTC1047
Rc Rd Bifidobacterum breve K-110
CK Aspergillus  niger KCTC 6906, A.usamii var. shirousamii KCTC 6956,
Bifidobacterium sp. Int57, Bifidobacterium sp. SJ32,
F» Bifidobacterium sp. SHS
Rh; Lactobacillus delbrueckii sp., Delbrueckii KCTC1047
Rg; Rh; Bacteroides sp., Eubacerium sp., Bifidobacterium sp. (28)
Fusarium proliferatum ECU2042 (29)
Re Rg: Penicillium sp (30)
F, Leuconostoc paramesenteroides, Penicillium decumbens
Rg» A.usamii var. shirousamii KCTC 6956, Aspergillus oryzae
Rh, Aspergillus ni(.ge.r.KCTC 6906.,.l3.’ifz‘dobacterium sp. Int57, Bifidobacterium
sp. SJ32, Penicillium sp., Penicillium decumbenes (31)
Rgi F, Penicillium decumbens
Rh; Penicillium sp., Aspergillus oryzae
Rg> Rh; Penicillium sp., Absidia sp.39
Ppt Penicillium decumbens
Rf Rh; Penicillium sp., Aspergillus oryzae
Ppt Penicillium decumbens

_39_



Intestinal bacteria

Bifidobacterium sp.

HO o =t
£ = HO
HOH,C o
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.
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Q. Bof &
BAS Azxdeh ol TEE TETE T4
S 3 3o wE AR eks e
a2 2y [—| 11 2E @0%as) |—>| 1% 5% (100C, 10012 |—> [ 2t 21% (60°C, 40-50% +=2&R)
]
&%) [« 2x 5% @06 A2y
Ab

«—| 3% 2% 60°C, 25-30% 4=

D) || =a

[=]

3-8%F =% (80°C, 6AI2Y
10X 21 (60°C, 10% 4=

Ll

~ Oth steamed

v

49Xt A% (60T, 15-20% £28R) 9Xt =25 (80°C, 6AI2H)

[=]

4th steamed 6th steamed

2nd sieamed

Figure 2-1. The morphological changes of ginseng in black ginseng processing.

1st steamed

1}. Ginsenoside Rg; #2418 93 HPLC ¥4 %7 3¢
1) TLC ¥4 S B3 Al¥d #49 v
O A FE=E Ax
80%EtOH =& 2ots= —  Ethyl ether 20m ——
g2 sS4 > | 35| FTEHUHLEH |—> | 20 m SEZ S = o= 22l
Utrasonication, XIS HA
50, 1hr
SIS SEZ 20ml 2e=sS 80% MeOH 0.45um filts
»| 351 =z 29| [——— | ZpAmU TH> SN | HPLC/TIC
&0

OIS 515 =2

Rl
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14 FE0E TLC plates] A8 £ 7 x7e] Aol gvle] dArste] AxAZ F
10% gl B 5 XBAZE plaes /HGste] AN FEEY AU 24 B
319t

® TLC 471§

4 X z7e] TLC ANEH 24 we} Q4 F2R QLIS AN 915

A1

=]
o

3k Ay 2HA AEmiEA (BuOH : EtOAC : HO = 4 : 1 : 5 (upper layer)ol A A}
W Eg =7t =4 yEesY} (Table 2-1. Fig. 2-2).

kel

Table 2-1. The developing system for TLC analysis

Developing solvent ratio

[A] CHCIl; : MeOH : H,O = 65:35:10 lower layer

[B] BuOH : EtOAC : H,0O = 4:1:5 upper layer

[C] CHCl;s : MeOH : BuOH : H,O = 13:10:10:8 lower layer

[D] CHCIl; : MeOH : EtOAC : H,O =16:40:22:10 lower layer

Figure 2-2. TLC results of ginsenoside standards and total ginsenosides extracted from Korean

white ginseng, steamed ginseng for 2, 4, 6, 8, 9 times.

_42_



(2) Ginsenoside Rg;2] H2A A x7 3

HPLC system-3 ©]-&3}o] <Q14ke] A}
Table 2-29] Z7lo| uwte} o]F/dsl &

o QAF ALE WS £ 3l gradient system

>
-
o
ML
1z
ol
N
lc)
ol
2
BN
>
kel
<
o
o
e
L
o

cetonitrile €M & & X%
Agste] LAY ARFHE 15 UL,

KeN
=
2 1 mL/mino] it} 11719] B3 ALEUS & systemo] A83 A3, 7t 235 ALEW 9
|=] i=]

oX,
o
f
2
=
o
o
Ju
ST

Gt

2] A| 7+2 (Retention time) Rg; 18.613%, Re 19.95%, Rf 47.13%, Rb; 49.02%, Rg, 49.71

-, Rc 50.41+%, Rby 51.50%, Rbs 50.12+, Rd 53.78+%, 20(S)-Rg; 66.13%-, 20(R)-Rg; 66.45
oz Ul (Fig 23). 7 9 HPLC ¥4z 48ws 4a4ds dolus] 93

=

& AFE Q] calibration curve, overall intra-, interday variation¥} accurayel] )3l A 3}i=

Table 2-3~5¢] e ST}

Table 2-2. HPLC condition

HPLC Agilent 110 (Palo Alto, CA, USA)
Column Discovery Cis column (5 pm, 250 x 4.6 mm)
Detection wavelength(UV) 203 nm
Flow rate 1 mL/min
Mobile phase Water (A), Acetonitrile(B)
Injection volume 15 ulL
Gradient elution system : B(%) 0-30 min 20%, 30-60 min 20-45%, 60-70 min 45-62%
mAl
1 Standards
140 Rg2
120 P
Rb1”
100 p
20 Re
Re | P DRI
60 Rg1 2 3 sz 203 R 31[]
7 £b39 (S}Rg3y 11
1) I |
I - - _ . I — -
20 30 40 50 60 min

Figure 2-3. Typical HPLC chromatogram of ginsenoside reference standards.
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Table 2-3. Calibration curves and LODs for 11 ginsenosides

RT o 2 Correlation Test range LOD”

(min) Calibration curve coefficient(r?) (mg/mL) (ug/ML)
Rg; 18.61 y=3246.7x+17.952 0.9995 0.050-1.000 3.6
Re 19.95 y=3683.2x-10.658 0.9996 0.050-1.000 2.6
Rf 47.13 y=3275.1x+21.432 0.9995 0.050-1.000 2.5
Rb, 49.02 y=3425.5x+8.8987 0.9997 0.010-0.200 2.6
Rg, 49.70 y=3262.3x+20.69 0.9999 0.050-1.000 32
Rc 50.41 y=3573.0x+15.459 0.9997 0.050-1.000 29
Rb, 51.50 y=2441.2x+14.129 0.9998 0.050-1.000 2.7
Rb; 50.12 y=5579.0x+42.583 0.9998 0.050-1.000 24
Rd 53.78 y=3253.4x+15.892 0.9998 0.050-1.000 3.9
20(S)-Rgs3 66.13 y=2494.4x-11.716 0.9996 0.050-0.500 22
20(R)-Rgs 66.45 y=2598.7x-19.356 0.9997 0.050-0.500 29

a)y:peak area; x=concentration (mg/ml); YLOD=Limit of detection (S/N=3)
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Table 2-4. Intra- and inter-day variations of HPLC method for determination of 11 ginsenosides

Intra-day (n=3) Inter-day (n=5)
Analytes
Content (mg/g) R.S.D."(%) Content (mg/g) R.S.D.(%)
Rg: 1.68+0.08 2.62 1.57+0.05 2.32
Re 0.660.02 1.14 0.62+0.03 1.86
Rf 0.44+0.02 1.45 0.48+0.04 1.58
Rb, 2.66£0.07 2.14 2.43+0.05 1.84
Rg, 0.57+0.04 0.85 0.53+0.09 121
Re 1.54+0.06 1.86 1.58+0.04 1.45
Rb, 0.52+0.04 1.32 0.49+0.05 1.74
Rb, ND” ND ND ND
Rd 0.48+0.02 0.72 0.47+0.06 1.69
20(S)-Rgs 2.84+0.18 2.44 2.80+0.12 1.73
20(R)-Rg; 2.20+0.09 1.87 2.12+0.05 121

YR.S.D.(%)=100xS.D./mean: *ND, not detected
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Table 2-5. Accuray of HPLC method for the determination of 11 ginsenosides

Analytes Original (mg)  Spiked (mg) Found (mg)  Recovery” (%) R.S.D. (%)
3.00 4.54 96.0 2.18
Rg 1.66
1.50 3.20 102.7 1.67
1.00 1.66 97.0 1.23
Re 0.69
0.50 1.20 102.0 0.75
1.40 1.90 102.1 3.16
Rf 0.47
0.70 1.19 102.9 1.37
5.00 7.52 97.6 2.36
Rb, 2.64
2.50 5.22 103.2 1.43
1.50 1.96 95.3 1.67
Rg, 0.53
1.75 1.32 105.3 1.16
2.00 3.64 103.5 1.75
Rc 1.57
1.00 2.59 102.0 2.16
1.20 1.74 101.7 2.73
Rb, 0.52
0.60 1.15 105.0 1.25
0.40 0.41 102.5 0.96
Rb; ND
0.20 0.20 100 0.83
1.40 1.93 102.9 0.88
Rd 0.49
0.70 1.17 97.1 0.75
5.00 7.90 101.2 2.48
20(S)-Rgs 2.84
2.50 5.32 99.2 0.79
3.00 5.17 100.7 0.61
20(R)-Rgs 2.15
1.50 3.69 102.7 0.84

“Recovery(%)=100x(amount found-original amount)/amount spkied; R.S.D.(%)=100xS.D./mean.
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Z4 Ao wel WatE = AFEY a8 HPCLZ 43 Ayel A4 Alxd &
Feol WskE Fig 2-49F 2-5¢] YEtlith. S538HA @2 wW4he] 45 ginsenoside Rgs (S)
(R) formo] Ho]x] 2kt 2W Z%d A9 dAAHom HE Al¥Y ko] wFow =
7Fe AL, M 22 peaksl 9, 109] ginsenoside Rgy(S), (R) AW A EFA dAHE A8 &

T AT 33, 63], 93¢

Z 5 0]

S S 1, 28 peakel R, Rei

Aol glofA 3

3-8 9] peak®= ko] wo] 7FAsISItt. el 9, 10 9] ginsenoside Rgs(S), (R) peaki=

A3 F 7130t (Table 2-6).

oy d dit= 7td =

S Do

$AAT FEA

malonyl ginsenoside®] (m-Rb;, m-Rb,, m-Rb;, m-Rc, m-Rd) malnoyl”| 7} o] % Rb;, Rb,,

Rbs, Re, Rd9} 72 PPDA Apido] AAdwfar, dol| oJsfr C-200] 25|
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Figure 2-4. HPLC-UV chromatograms of mixed standards (A) and ginsenosides in WG (B)
AND steamed ginseng 3 times (C), 6 times (D), 9 times (E). Peaks: 1, Rgi; 2,Re; 3, Rf; 4,
Rbi; 5, Rgy; 6, Re; 7, Rby; 8, Rbs; 9, Rd; 10-11, 20(S)-, 20(R)-Rgs
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Figure 2-5. Comparison of ginsenosides with steaming times
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Table 2-6. The amounts of ginsenosides in WG and 2-, 3-, 6- and 9 times steamed ginseng

Compound wG" S, WG S; WG SeWG? SeWG”
(mg/g)
Rg; 2.12+0.06 2.58+0.07 2.23+0.03 1.96+0.05 1.24+0.04
Re 1.24+0.04 1.36+0.05 0.98+0.03 0.78+0.05 0.48+0.03
Rf 0.98+0.03 1.16+0.02 0.84+0.05 0.64+0.06 0.38+0.03
Rb, 2.98+0.07 6.38+0.12 5.23+0.15 3.87+0.08 2.62+0.09
Rg, ND” ND 0.25+0.02 0.84+0.02 0.56+0.04
Rc 1.62+0.03 3.83+0.08 3.23+0.07 2.43+0.09 1.58+0.07
Rb, 1.2240.07 2.21+0.04 1.97+0.05 1.45+0.04 0.56+0.02
Rb;, 0.52+0.05 0.98+0.02 0.63+0.04 0.47+0.03 ND
Rd 0.68+0.07 1.03£0.02 0.84+0.04 0.67+0.05 0.440.01+
Rgs ND 0.12:0.02 0.54+0.05 1.29+0.03 6.44+0.08
PPD’ 7.02+0.14 14.55+0.15 12.06+0.12 10.09+£0.09 11.64+0.19
PPT? 3.36+0.12 5.10+0.08 4.30+0.09 4.2240.11 2.66+0.09
Total 10.38+0.17 19.64+0.19 16.36+0.14 14.31£0.21 14.30+0.13

WG, white ginseng(P. ginseng C.A. Meyer);

DD g WG, S; WG, SeWG, and SoWG : white ginsengs were steamed 2, 3, 6, and 9times according to
the traditional method of making blacking ginseng, respectively;

YAll values were expressed as the means + S.D. (n=3)

ND, Not detected;

YPPD: Protopanaxdiol type saponins: Pb;+Rc+Rb,+Rd+Rg;

YPPT: protopanaxtriol type saponins: Rgi+Re+RftRg, .
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A. O+ B. Apple juice C. Grape juice D. Pineapple juice

Figure 2-7. Black ginseng produced by soaking into several fruit juices
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Figure 2-8. HPLC-UV chromatograms of ginsenosides extracted from the ginsengs steamed 4
times after soaking in apple (B), pineapple (C), grape (D) juices, and 4 times repeated

steaming white ginseng (A), respectively.
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Table 2-7. The amounts of ginsenosides in 4 times steamed ginseng after soaking into different fruit

juices
Compound SsWG S4sWG S4WG
SsWG . . . .
(mg/g) (apple juice) (pineapple juice) (grape juice)
Rg 2.13+£0.02 1.96+0.02 2.46+0.02 2.33+0.04
Re 0.88+0.03 1.02+0.04 1.28+0.02 1.15+0.04
Rf 0.76+£0.05 0.86+0.02 0.93+0.04 0.85+0.06
Rb; 4.35+0.12 3.96+0.13 3.94+0.02 3.89+0.05
Rg, 0.31+0.03 0.72+0.03 0.62+0.03 1.17+0.01
Rc 3.02+0.06 2.64+0.08 3.21+0.07 3.17+0.04
Rb, 1.76+0.04 1.58+0.02 1.65+0.05 1.60+0.03
Rb, 0.54+0.01 0.42+0.05 0.57+0.03 0.62+0.01
Rd 0.76+0.02 0.84+0.04 0.83+0.06 0.93+0.04
Rgs 0.59+0.04 0.43+0.02 0.67+0.02 0.89+0.02
PPD 11.02+0.12 9.87+0.12 10.87+0.12 11.10+0.09
PPT 4.08+0.07 4.56+0.05 5.29+0.09 5.50+0.12
Total 15.10+0.12 14.43+0.17 16.16+0.14 16.70+0.21
PPD: Protopanaxdiol type saponins: Pb;+Rc+Rb,+Rd+Rgs
PPT: protopanaxtriol type saponins: Rgj+Re+Rf+Rg
16.7
18 - 16.164
=S4aWG 14.43
16 - 15.1
= S4WG (apple juice)
14 - . o 131
. S4WG (pineapple juice) 10.87
g 12 7 msawe (grape juice) 11.025.87
£ 10 -
E = -
=
8 & -
& = 1.58 5292p.83 0.67
5. .| 76 8954%,700?%4 :3,5;; 3
o ]_-1_-‘£-_ g

.
& ¥ T & P DL

Figure 2-9. Comparison of ginsenosides with different fruit juices
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Figure 2-10. TLC of methanol extracts from 4-time steaming WG which firstly was soaked
with 3 kinds of fruit juices. A: 4th steamed WG (Apple juice), B: 4th steamed WG
(pineapple juice), C: 4th steamed WG (grape juice), D: 4th steamed WG, E: 8th steamed

4

A. Control (807) B. 80T C. 100TC D. 120C

Figure 2-11. Black ginseng soaked into grape juice steamed at different steaming temperature



Figure 2-12. TLC analysis of ginsenosides extracted from 3 times steaming ginseng treated firstly

with grape juice. (steaming time: 1 h)
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Figure 2-13. HPLC-UV chromatograms of ginsenosides extracted from the ginsengs steamed at
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different temperature 3 times after soaking in grape juice. A 80C, B 100, C 120C.

_54_



Table 2-8. The amounts of ginsenosides in 3 times steamed ginseng at different temperature

after soaking into grape juice

C"(’;‘;’g‘;"d Ss WG (80°C) S; WG (100°C) S; WG (120C)
Re, 1.86+0.03 1.720.03 1.26£0.03
Re 0.9240.01 0.7820.01 0.65:0.01
Rf 0.740.03 0.630.03 0.85:0.06
Rb, 2.9420.12 2.68+£0.02 2.4320.02
Res 0.53+0.03 0.69-£0.02 0.82:£0.02
Re 2.48+0.03 2.1240.09 1.98+0.03
Rbs 1.32+0.04 1.16£0.07 0.87:£0.06
Rbs 0.340.01 0.37£0.03 0.26£0.02
Rd 0.480.03 0.62:£0.06 0.580.05
Res 0.62+0.01 1.28+0.03 2.54+0.01
PPD 8.18+0.10 8.23+0.14 8.66+0.08
PPT 4.0520.06 3.82:£0.08 3.58+0.11
Total 12.230.12 12.05+0.13 12.24+0.16

PPD: Protopanaxdiol type saponins: Pb;+Rc+Rb+Rd+Rgs
PPT: protopanaxtriol type saponins: Rgi+Re+Rf+Rg,

12.24
= S3WG(800C) mMS3WG(1000C) wMS3WG(1200C) 3597

=
N B

[
Q

Content (mg/g)

Rgl Re Rf Rbl Rg2 Rc Rb2 Rb2 Rd Rg3 PPD PPT Total

Figure 2-14. Comparison of ginsenosides
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FE 78T (Fig. 2-16). 120 A AP F<o wpE AL RS Table 2-99

UER T S4A)7k0] Z718EE Rgy, Rf, Rby, Rg, AFEW 9] 3heko] 7FA3191 3L, Re,

Rc, Rb;, RdE 608 F4A] AWEEAY (Fig. 2-17). 28 Rg g3 tix

mg/g, 30% S A] 2.00+0.08 mg/g, 455 S5 A] 2.14+0.07 mg/g, 60F S 54
AlZkol F7te e E Rgy TEE A Frbstdth (Fig. 2-18).
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Figure 2-15. The morphological changes of ginsengs steamed at 120C in various times (15, 30, 45,

and 60 min). Before steaming each time, ginsengs were soaked in grape juice for 24h.
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Figure 2-16. Thin layer chromatograms of total ginsenosides extracted from ginsengs steamed at

120°C in various times (15, 30, 45, and 60 min). Before steaming each time, ginsengs were

soaked in grape juice for 24 h.
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Figure 2-17. HPLC-UV chromatograms of total ginsenosides extracted from ginseng steamed 2 times

at 120°C in various times (15, 30, 45, and 60 min). Before steaming each time, ginsengs

were soaked in grape juice for 24 h. A, 15 min; B, 30 min; C, 45 min; D, 60 min.
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Table 2-9. The amounts of ginsenosides in 2 times steamed ginseng in different steaming time

Rg; 1.32+0.01 1.48+0.01 0.76+0.02 0.67+0.01
Re 0.74+0.02 0.78+0.02 - -
Rf 0.84+0.03 0.93+0.01 0.45+0.03 0.47+0.02
Rb, 2.84+0.09 2.26+0.02 0.59+0.02 0.32+0.03
Rg, 0.62+0.04 0.43+0.02 0.52+0.03 0.58+0.02
Rc 1.84+0.02 1.92+0.07 - -
Rb, 0.74+0.05 0.85+0.06 0.53+0.04 0.46+0.03
Rb, 0.34+0.01 0.35+0.04 - -
Rd 0.65+0.04 0.68+0.04 0.38+0.04 -
Rg, 0.44+0.02 2.00+0.08 2.14+0.07 2.544+0.12
PPD 6.85+0.09 6.08+0.10 3.64+0.09 3.32+0.07
PPT 3.52+0.08 3.62+0.08 1.73+£0.07 1.72+0.09
Total 10.37+0.14 9.70+0.09 5.37+0.12 5.07+0.07

12 7 mS2WG (15 min) ™ S2WG (30 min) S2WG (45 min) ™WS2WG (60 min)
9.7
10 - 10.37
B8
an
E
£6 -
2
5
o4 A 2.84
1.48 26 11_'342
2 11.39°%.78 03 0.69-58
0.7a O0-23¢ 47l 55 0.7
0

Rgl Re Rf Rbl Rg2 Rc Rb2 Rb3 Rd Rg3 PPD PPT Total

Figure 2-18. Effects of different steaming time on Rg; content.
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Figure 2-19. HPLC-UV chromatograms of total ginsenosides extracted from ginseng steamed 2 times
at 120C in various times (15, 30, 45, and 60 min). Before steaming each time, ginsengs

were soaked in grape juice for 24 h. A, 1 time; B, 2 times; C, 3 times; D, 4 times.
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Table 2-10. The amounts of ginsenosides in ginsengs steamed at 120°C for 60 min (different

steaming numbers)

Rgl Re

Rf Rbl Rg2

Compound ) S, WG Ss WG S, WG
S; WG (60min) ) ) )
(mg/g) (60min) (60min) (60min)
Rg 0.860.03 0.67+0.01 0.58+0.03 0.49+0.02
Re 0.94+0.02 ; - -
Rf 0.75+0.06 0.47+0.02 0.34+0.03 0.310.03
Rb, 2.57+0.12 0.3240.03 0.69+0.02 ;
Re, 0.96+0.07 0.58+0.02 0.74+0.03 0.47+0.01
Re 1.53+0.03 - ; _
Rb, 0.65+0.09 0.4620.03 0.68=0.04 0.34+0.02
Rb, 0.27+0.02 ; - -
Rd 0.54+0.07 ] ] _
Re, 0.89+0.07 2.54+0.12 6.560.17 5.65+0.14
PPD 6.45+0.14 3.3240.07 7.93+0.09 6.46:0.07
PPT 3.5140.10 1.720.09 1.660.05 1.27+0.06
Total 9.960.14 5.07+0.07 9.59+(.18 7.73+0.09
12 7 ms1WG (60 min) ™ S2WG (60 min) = S3WG (60 min) = SAWG (60 min)
9.96
10 -
73
G5 -
an
E
g 6 -
@
c
S 4 -
2 Jo.e 0.58 1.53
0.8 .3?'.9‘3.47 0.%'&{?3327 0.
0 -

Rc Rb2 Rb3 Rd Rg3 PPD PPT Total

Figure 2-20. Effects of different steaming numbers on Rgs; content (120C, 60 min).
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Figure 2-21. The outside and insider morphological changes of ginsengs soaked in various different
concentration NaHCO; aqueous solution and steamed at 120C for 15 min. A, 1 time

steaming; B, 2 times steaming; C, 3 times steaming; D, 4 times steaming.
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Table 2-11. The amounts of ginsenosides in ginsengs steamed at 120C for 15 min after soaked in

1% NaHCO; for 24h

120C, 15min  Rg Re Rf Rh; Rb, Rg> Re Rb, Rd Rgs(S)

Ist steamed 1.408 0.734 1242 0.114 2764 0.101 2.173 1.693 0.835 0.0536

0.825 0257 0470 0.176  0.399

4th steamed  0.095 0.294 1.016 0.028 0.817

R,

g R,
o Ro,
| RF
Re
Rd

Rc

Rh,

Figure 2-22. TLC chromatograms of total ginsenosides extracted from ginsengs steamed 1, 2, 3, and

4 times at 120C for 15 min. Before steaming each time, ginsengs were soaked in different

concentration of NaHCO; for 24h. A, 1%; B, 2%, C, 4%.

(2) X529} 0.4% Citric acidol] AX] & A A=
¥ NG E3hek &9 A4S HA ] FAE A xIGATE R

Table 2-12. The amounts of ginsenosides in ginsengs steamed after soaked in grape juice and 0.4%

citric acid mixed solution

mg/mL Rg: Re Rf Rh; Rbi Rg Re Rb, Rd  Rg(S) Rg(R)

2nd steamed 0.388 0.231 0452 0.067 1.121 0.692 0.891 0.297 0209 1.367
1.227 0.653 0.768 0226 0.213 0.698 2.095

3rd steamed 0397 0.198 0.569 0.094

_62_



2 times steamed (121°C, 15min) 3 times steamed (121, 15min)

Figure 2-23. The morphological changes of ginsengs soaked in solution mixed with grape juice and

0.4% citric acid.
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Figure 2-24. GC-MS chromatograms of PAHs standards.
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Figure 3-1. HPLC-UV chromatograms of ginsenosides in Korean WG (A), RG (B), BG I (C), and
BG II (D). Peaks: 1, Rg;;2,Re;3,Rh;;4,Rb;;5,Rc;6,Rb,;7,Rd;8,Rg3(R);9,Rgs(S).
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Table 3-1. Comparison of ginsenosides content in Korean WG, RG, and BG (I), (II)

Ginsenoside WG RG BG I BG 1Y
(mg/g)
Rg; 2.54+0.17 2.310.04 0.71+0.09 0.41+0.05
Re 2.0240.26 1.35+0.04 0.36+0.05 0.14+0.04
Rf 0.32+0.02 0.30+0.01 0.30+0.01 0.35+0.01
Rg, 0.12+0.02° 0.68+0.01° 0.53+0.06° 0.16+0.02°
Rb, 2.03+0.13° 2.60+0.20° 1.43+0.11° 1.37+0.02°
Rc 1.81+0.11° 2.34+0.10 1.24+0.13° 1.00+0.04*
Rb, 1.14£0.07° 1.45+0.06" 1.20+0.11° 0.32+0.05°
Rbs 0.39£0.07" 0.47+0.02° 0.37+0.08" 0.01+0.00°
Rd 0.40£0.01° 0.68+0.02° 0.53+0.06" 0.30+0.04°
Rg;(S) ND 0.47+£0.01° 4.43+0.32° 6.73+0.16"
Rgi(R) ND 0.15+0.02° 1.69+0.13° 4.18+0.25"
PPD" 5.77+0.39" 8.16+0.25° 10.89+0.94 13.91+0.56"
PPT” 5.00+0.47° 4.64+0.10" 1.90+0.21° 1.06+0.12¢
Total 10.47+0.86° 12.80+0.35" 12.79+1.15 14.9740.68°

" Values were expressed as the mean £ SD (n=3). ND: not detected. Values with different superscripts within

the same line are significantly different at p < 0.05.

> 9 times steaming at 98°C for 3 hr

Y3 times steaming at 120°C for 30 min after soaking into grape juice for 24 h

Y PPD (protopanaxadiol type ginsenosides): Rb;+Rc+Rby+Rbs+Rd+Rg;

> PPT (protopanaxatriol type ginsenosides): Rgi+Rgx+Re+Rf
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Figure 3-2. Total phenol contents in WGE, RGE, and BGE. Data expressed as tannic acid

equivalents (TAE, mg/g) in extracts. Results are expressed as Means £ SD (n=3).

ok

p<0.001.

(2) DPPH @} )8 4 7% ¥} Xanthine oxidase (XO) ©] A &4

7zt 14k F+&+=9 DPPH ¢4 &2AE4E v
F%E9 DPPH #ud AAGo] A3 Hgow, 9
3-3). 5 mgmL sxoA F42 A9 86% AEAde dERllal, WAk 54He 747
55.15%, 40.42%% 1}elWth. DPPH #o)d 2A%9 ICs 7t N
7.48 mg/mL, WAF 412 mg/mLE EFYTE (Table 3-2). XO A& o A F&HEo] 7}
FoES 24Es B, 4 WA o2 yErwth X099 ICs g WAb 11.20
mg/mL, &4 5.89 mg/mL, 54+ 2.41 mg/mLe] ]t} (Fig. 3-3, Table 3-2).

rlo
S o
>
>,

Table 3-2. ICsy values of ginseng extracts on the antioxidant activity

ICsp (mg/mL) WGE RGE BGE ASA
DPPH 4.12+0.80 7.48+2.19 2.28+1.33 0.11+0.14
XO 11.20+0.38 5.89+1.52 2.41+0.17 0.48+0.38
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Figure 3-3. Free radical DPPH scavenging activities and . XO

extracts at different concentrations. Each value represent

t}. 34 FZE 9] Cholinesterase 2] A 34
EaZ 29l AChE 94l 05, 2, 4, 6, 8 mg/mLy%
95.47%2) ©} A 7.0} L}Ewm (Fig. 3-4). ICsozte

1

B4F 1.84 mg/mLo] ¢l 0w,
™, BuChE®] A& &
2.56 mg/mL, 4k 1.84 mg/

73 o

o2 ALEH tacrine

88 mg/mLO] 5!

10 0 2 4

o] A]
t} (Table 3-3).

6 S8 10 12 14 16 18
Concentration (mg/mL)

20

inhibitory activities of ginseng

means £ SD (n=3).

SOl 5.67%, 64.98%, 84.28%
WA 5.89 mg/mL, &4 6.30 mg/mL,

(THA)= 8247 nM o]t} vk
orokt}. BuChE ICsogk< ul Ak

— —WGE —#—RGE ——EGE

/

ICsq
WGE 2.56 mg/mL
RGE 1.34mg/mL
EBGE 1.88mg/mL

100 120
<+~ WGE —e—RGE —E-EGE
100 -
80 -
2 g 801
= 60 =
=" =
= 2
2 2 60 -
£ =
E 40 %
= & 40
20 - Ca
WGE 5.89 mg/mL 20
RGE 6.30 mg/mL
BGE1.72 mg/mL
0 : . . . 0
0 05 2 4 6 8 0 0.5

Concentration (mg/mL)

1 2 4 6

Concentration (mg/mlL)

Figure 3-4. Effect on AChE and BuChE inhibitory activities according to different concentration of

various ginseng extracts. WGE: white ginseng extract, RGE: red ginseng extract, BGE: black

ginseng extract. Results are expressed as Means + SD (n=3).
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Table 3-3. ICsy values of the ginseng extracts on AChE and BuChE

ICsp (mg/mL)

Ginseng extracts

AChE BChE

WGE 5.89 2.56
RGE 6.30 1.84
BGE 1.72 1.88
THA(nM) 824.7 394.5

1) Values are expressed as means = SD (n=3).

2) THA: tacrine, WGE: white ginseng extract, RGE: red ginseng extract, BGE: black ginseng extract.

q. z'} = 0])\]— (Hl])\]—)_,] };1‘ _Erq

Panax ginseng?l 31# A4k (WPG)e] =82 AFEW-E Rg, Re, Rf, Rb;, Rc, Rby, RdZ &
7 APEUI L SHR-8lar ARt Wb, v o 317 AF (Panax quinguefolium, WPQ)S- Rf7}
BEAH R ekokvy. T A A A (Panax notoginseng, WPN)o| 4= Rf, Re, 12| 3L Rby7} 3
=9 A @okth ERle] Aol et o] iy Qlake wm g4kt T A4 8¢9

olt

TUHE AEUOE RE FF0] 0.1% (ww)eld Ff5E A0E wudth 3] 3el A
Rb, 3ol 025% ololgom, AHid wed el 1 F3ol vg Rk A3
[e]

el Rg &#Ee 346 mg/go® 71 =k, a#d4e 4.78 mg/g, 3174 3.13 mg/g

oz et = FF AIM A% S AEd RbS F L1% o F %
o BEE FRAG. 4T Q49 B4 Azvteads FFE Fg 415} Table 4-19] 1}

Ef i},
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Figure 4-1. HPLC-UV chromatograms of ginsenosides in three commercial WG products for panax

ginseng (WPG), panax quinquefolium (WPQ), and panax notoginseng (WPN).

Table 4-1. Comparison of ginsenoside contents of WPG, WPQ, and WPN

WPG WPQ WPN

Rg: 4.78+0.13 3.13£0.26 34.61+£0.54
Re 2.02+0.30 16.08+0.47 11.54+0.40
Rf 0.97+0.05 - -

Rb, 6.80+1.23 22.24+1.57 28.93+1.04
Re 6.70+0.14 3.35+0.29 -

Rb, 3.05+0.30 0.39+0.04 -

Rd 1.57+0.11 4.75+0.16 9.62+0.27
Total 25.89+2.26 48.39+2.80 84.70+2.25

Values were expressed as means = SD (n=3). WPG; white panaxginseng, WPQ: white panax quinquefolium,

WPN: white panax notoginseng.
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Figure 4-2. HPLC-UV chromatograms of ginsenosides in three BG products for panax ginseng

®
20
(BPQG), panax quinquefolium (BPQ), and panax notoginseng (BPN)
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Table 4-2. Comparison of ginsenoside contents of BPG, BPQ, and BPN

Composition BPG BPQ BPN
Rg - - 2.61£0.05
Re - - 1.02+0.01
Rf 0.82+0.02 - -

Rb, 4.88+0.14 2.07+0.30 3.48+0.17
Rc 1.7240.62 3.65+0.20 4.51+1.02
Rb, 1.76+0.34 1.02+0.13 3.53+0.37
Rd 0.52+0.04 0.86=0.01 3.02+0.19
Rgs(S) 6.73£0.48 7.2240.62 10.64+0.02
Rgi(R) 5.11£0.62 7.03+0.5 8.53+0.03
Total 21.54+2.26 21.84+1.76 38.3243.51

Values were expressed as means = SD (n=3). BPG; black panaxginseng, BPQ: black panax quinquefolium,
BPN: black panax notoginseng.
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Figure 4-3. The changes in total phenolic contents of the WG and BG products. PG: panax

ginseng, PQ; panax quinquefolium, PN: panax notoginseng. Results are expressed as Means =+
SD (n=3). "p < 0.01, " p<0.001.

(2) DPPH =92 ~A &

ox

AfAdE 2SS nHMAT Skl 5 mgml S RAA Z}7t 55.4%, 86.8%%
A e #4% JEAAT (Fig 44). 2 FEelA S (FiHe 33.02%

(65.2%), A& (F5D) 293% (53.31%)9] 248 derdt. 28 g fod 2A5S
sl Ak, ARAE T Zhzy 154, 1.98] 9kt 7hz 914F FZE-o DPPH &t ICs 3t
Table 4-3¢f e AT}

rlo

(3) Xanthine oxidase (XO) ©] A& A

X0 A& Wit H4k Az 28] ol #4ol Frstalh. el Habel b @
ol wgrom, AATA, H7154 0% vhebslth, Table 4-3] hebd whsh o] 4t

T
o] XO ICso3t2- 7Hz} 2.3, 3.56, 1.53 mg/mL o] It} (Fig. 4-5).
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Figure 4-4. Free radical DPPH scavenging activities for the three species WG and BG products at

different concentrations. Each value represent means = SD (n=3).
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Figure 4-5. XO inhibitory activities of the WG and BG products. PG: panax ginseng, PQ; panax

quinguefolium, PN: panax notoginseng. Results are expressed as Means + SD (n=3).

Table 4-3. 1Cso values of WG and BG products on the antioxidant activity

Ginseng/Reference ICso(mg/mL)

DPPH X0
bo 4.30 11.20

"o hQ 11.53 12.09
i 13.76 13.88

PG 2.11 2.30

5O PQ 3.53 3.56
PN 5.20 1.53

ASA 0.11 0.48
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v, Z} 5 Q14te] Cholinesterase 2] Al A1 v] 5
(1) AChE ¢} A &4

mAbe] AChE A &A4-S 10 mg/mL S oA e it 73.46%, 874k 37.84%, A2 Ak
33.76% = ko]l AAT A S Wt (Fig 4-6). SA4F AlxA watuch A7
O 2 AChE Ao F7tsh= A& #asdrt. Skl AChE ICs) #2 13 E4F 2.64
mg/mL, 3}7] &4t 8.56 mg/mL, H & 54k 7.50 mg/mL vt AChE A &7d L 1w gl4tkol
7Hd e Z9E Bl (Table 4-4).

(2) BuChE ©] A 34

go WAibsh Fabgke] Aolsh =7 ehbd 9tk (Fig 47). S4HS] BuChE ICs
B4k, AR S 4bo] Z4Z) 1.88, 1.07, 0.71 mg/mL$ T} (Table 4-4).

Table 4-4. 1Cso values of WG and BG products on AChE and BuChE

ICso (mg/mL)

Ginseng extracts

AChE BChE
WPG 5.37 1.84
WG WPQ 15.01 4.63
WPN 13.68 1.19
BPG 2.64 1.88
BG BPQ 8.56 1.07
BPN 7.50 0.71

YValues are expressed as means £ SD (n=3).
WG: white ginseng, BG: black ginseng, PG: panax ginseng, PQ; panax quinquefolium, PN: panax

notoginseng.
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Figure 4-6. Effect on AChE inhibitory activities according to different concentration of WG and BG
products. PG: panax ginseng, PQ; panax quinquefolium, PN: panax notoginseng. Results are

expressed as means = SD (n=3).
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Figure 4-7. Effect on BChE inhibitory activities according to different concentration of WG and BG
products. PG: panax ginseng, PQ; panax quinquefolium, PN: panax notoginseng. Results are

expressed as means = SD (n=3).
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Table 5-1. Body weights and food intakes of rats in acute toxicity of BGE

BGE (g/kg)
Parameters Control
5 10 15
Initial weight (g) 215.2 + 10.7 220.0 £ 13.2 218.6 + 7.6 2145 £ 11.7
Final weight
(@) 292.0 + 12.1 2874 + 10.6 303.5 + 6.7 293.0 £ 5.3
Food intake 253 + 13 234 + 1.8 248 + 22 255 + 2.4
(g/day)
551){ 217 + 6.4 202 + 7.1 245 + 3.6 220 = 48
0
YValues are expressed as means = S.D. (n=5).
JFER : food efficiency ratio (body weight gain/food intake x 100)
Table 5-2. Internal organs weight of rats in acute toxicity of BGE
BGE (g/kg)
Parameters Control
5 10 15
Liver 3.13 £ 0.15 291 + 0.16 2.94 £ 0.29 2.92 +£ 0.11
Kidney 0.82 + 0.03 0.78 + 0.02 0.79 + 0.02 0.79 £ 0.04
Lung 0.83 = 0.12 1.11 £ 0.2 1.00 + 0.14 0.94 £ 0.15
Heart 043 + 0.12 0.41 + 0.07 0.39 £+ 0.05 0.38 £ 0.07
Spleen 0.26 £ 0.02 025 + 0.01 0.23 £ 0.02 0.25 + 0.01
Brain 0.79 = 0.13 0.86 = 0.19 0.82 + 0.10 0.76 £ 0.14
Testes 1.19 £ 0.12 1.08 + 0.23 1.20 £+ 0.18 1.05 £ 0.20

Values are expressed as means £ S.D. (n=5).
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o] 2% 3 24717 "X 7] & 3 Aste] EDTAZF #2]¥ CBC tube
A7, NPT, FaW, Hb 5 AAEPAAE B
NEZ AHgSA BE G W 4 $E9 54 FFE AdTE BETS F94

Apol & Holx] 9k} (Table 5-3).

Table 5-3. Effect of BGE on haematological values

BGE (g/kg)
Parameters Unit Control
5 10 15

RBC 10°/uL 7.7 £ 0.28 8.1 = 0.40 8.7 £ 0.13 9.06 + 0.35
WBC 10°/uL 10.5 £ 4.55 73 + 1.88 7.2 £ 1.03 8.11 + 0.69
HCT % 534 + 0.78 53.0 + 3.68 59.1 + 0.57 60.6 + 3.32
Hb g/dL 15.6 +0.64 16.1 + 0.64 17.5 + 0.21 18.1 + 0.71
MCV fL 69.4 £ 1.56 65.8 £ 1.27 68.1 + 0.42 66.9 = 1.06
MCH pg 20.3 + 0.07 20.0 = 0.21 20.2 + 0.07 20.0 £ 0.05
Platelet 10°/uL 1226 + 68 1034 + 107 995 + 25 945 + 116
Monocyte % 23 +£ 0.71 39 £ 1.27 3.8 £ 0.14 4.85 £ 0.92
Eosinophil % 0.3 £ 0.01 0.85 + 0.21 0.45 + 0.07 0.45 + 0.04
Lymphocyte % 93.7 + 2.12 854 + 2.26 87.5 £ 1.56 87.3 + 1.13

YValues are expressed as means £ S.D.(n=5).

RBC: red blood cell; WBC: white blood cell; HCT; hematocrits; MCH: mean corpuscular hemoglobin;

MCV: mean corpuscular volume.
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Table 5-4. Blood chemistry values of rats in acute toxicity of BGE

BGE (g/kg)
Parameters Unit Control
5 10 15

ALP U/L 310 + 30.4 290 + 24.5 283 + 254 291 + 213
AST U/L 92.7 + 42 96.5 + 3.7 89.4 + 9.5 942 + 12.7
ALT U/L 432 + 25 415 + 49 445 + 49 49.0 + 7.0
LDH U/L 4775 + 576 4705 £ 46.1 4775 + 587  489.0 + 50.4
Creatinine mg/dL 0.6 £ 0.2 0.7 £ 02 0.65 + 0.1 0.60 £ 0.1
BUN mg/dL 145 + 23 153 + 1.5 11.0 + 2.0° 11.7 + 1.4
Cholesterol mg/dL 68.5 £ 6.4 57.0 £ 9.0 69.0 £ 7.0 557 + 8.6
Glucose mg/dL 1984 + 125  162.0 £ 157 2305 = 10.6  213.5 + 254
Bilirubin mg/dL 0.1 + 0.01 0.1 + 0.01 0.1 + 0.01 0.1 + 0.01
Protein g/dL 532 + 0.1 535 + 0.2 532 + 0.2 530 + 0.2
Na mmol/L 1425 + 8.6 1395 + 122 1445 + 104 1467 + 14.2

K mmol/L 55+ 0.3 56 + 0.3 6.8 + 0.6 7.1 + 0.5

Cl mmol/L 103.4 + 107 1025 + 8.2 1047 £ 73 107.0 = 10.6

" Values are expressed as means = S.D. (n=5). *p<0.05compared with control group

YALP: alkaline phophatase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN : blood urea

nitrogen; LDH: lactate dehydrogenase.
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Table 5-5. Urinary analysis of rats in acute toxicity of BGE

Black ginseng extract
Parameters BT
i 5 g/kg 10 g/kg 15 g/kg
Nitrite (RU) positive positive positive positive
Protein (RU) Trace 1 positive Trace Trace
Glucose (RU) negative negative negative negative
Ketone (RU) 1 positive 1 positive 1 positive 1 positive
Bilirubin (RU) negative negative negative negative
Blood (RU) negative negative negative negative
uh, x4 sHA $A
& A)
- =

HE staining 3}o] @n| 7oz AR
T AT (Fig. 5-1).

)

Liver

Kidney

Figure 5-1. Histopathological images of liver and kidney of rats treated orally with BGE by

hematoxyline-eoxin (H&E) staining (X 100). (A) Control group, (B) treated BGE at dose 5
g/kg, (C) treated BGE at dose 10 g/kg, (D) treated BGE at dose 15 g/kg.
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Figure 6-1. HPLC-UV chromatograms of ginsenosides in Korean ginseng extracts.

extract (WGE), red ginseng extract (RGE), black ginseng extract (BGE).
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Table 6-1. Ginsenoside contents in Korean ginseng extracts

Ginsenoside (mg/g extract) D WGE RGE BGE
Rgi 9.27+0.13 6.94+0.09 ND
Re 8.29+0.08 5.07+0.06 ND
Rf 2.17+£0.07 1.54+0.12 0.81+0.02
Rb, 12.88+0.11 9.44+0.15 2.21+0.07
Rc 9.90+0.04 7.89+0.10 3.26+0.11
Rb, 5.22+0.06 4.36+0.07 1.16+0.06
Rd 1.86+0.05 1.86+0.04 0.40+0.01

Rgi(S) ND 0.66+0.02 4.30+0.01
Rgi(R) ND 0.74+0.04 3.50+0.02
Total 49.59+0.54 38.5240.66 20.65+0.30

1) Values were expressed as the mean+SD (n=3). ND : not detected.

2) WGE: white ginseng extract, RGE : red ginseng extract, BGE : black ginseng extract

Mz sEan A9 Adsad
gh

6-2). SCOPS.Z 7]

5 2}k3l= scopolamine (SCOP)o| ©] 3k

(Fig.

latency+= A2 AdFE Mg dix

TR FA S Ao (p<0.01, 34), S4F FE=S 50 mgkgol A 500 mgkge] &

Wl SCOPo &3 7o F&dhs A3E HojFAth. 53] 100 mgkg,
mgkge] &N 247 Y =

=& 200 mgkg 555 7]
skt

Mk b S FE=E A 200 mgkgs Foldt & AR esvdee] 4

Fig. 6-30] uEFWHth SCOPLZ 7| EAS 88k 79 step-through latency+= 17.48+7.5
secZ A AAdTFEE A dxa9 252.00+106.03 secHt} oA o2 #AAsA 7

ATt (p<0.001, Fig. 6-2). A thx7<¢) tacrine (THA) Fo]#S SCOPe| ol&] 7+
step-through latencyE @A 3] 7 A A AZEHAE HoF3H (p<0.05). 3 <

>4

=& Fol % SCOPH.t} step-through latency”} 24 o = F 7189w, THAX
Zbeol A WEETE (p<0.01).
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Figure 6-2. Effect of a single administration of BGE on SCOP-induced memory deficits in the

passive avoidance task. =wp<0.01 versus SCOPgroup,# p < 0.01 versus control group.

B Acquisition trial B Retention trial

300 A
250 A
200 A

150 A

Latency time (xec)

Control SCorp THA WGE RGE BGE

Scopolamine (2 mg/kg)

Figure 6-3. Effect of a single administration of Korean ginseng extracts on SCOP-induced memory
deficits in the passive-avoidance task. Control (equal volume of 0.9% saline), THA (tacrine,
10 mg/kg, p.o.), WGE, RGE, or BGE (white, red, and black ginseng extract, respectively, 200

mg/kg, p.o.) were administered to mice 60 min before the acquisition trial.
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©}. Mornis water maze (5% Y| =) 419
SCOPe. = {538k Anf AF o 3k St3s ol et A4 FEHES 2945 H7leh|
f3le] =5 n2AES AAEHTE SCOPS A3k 9] escape latencyy TH7|7F %
oF izl s A3 Frhste] FrIv|ode] £4E A4S AE AUE F AAY (Fig.
6-4A). THA®} A4 F&5 & Fov& &d 3YAFH dxa3 v]5=23 F0 2 3
o, 44 o= BE AET72] escape latency’} SCOPHU} {21207 & A3
Ark AF 544 platforms A A § HAAG probe testo] A= QA FF
escape latency”’} hEr o2 AT o], Q4 FEE F 2
gl &b 1A Ho] ZAstd AL U q

T3 FA Aol E mol F7hshy

ﬂJ
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Figure 6-4. Effect of Korean ginseng extracts on escape latency in the training-trial sessions (A)
and the probe trial session (B), number of crossing platform area (C) for the SCOP-induced

memory deficits mice.
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v}, Y-maze 29

@779l A3l working memoryE  ®HF 3= Y-maze testol] 2|3t 3l-m WA
spontaneous alternation)¥} & Z ¢ 314=3= Fig. 6-59} #Zt}. SCOP Fojto s WHAHL
Eouyg fodoz 7A3AY (p<0.05). A4k A& SCOPo| 293 FHAH
spontaneous alternationS ™z 3} W3k FFo g FE3IYP oy, SA FHEE AT
W4 txa"Ql THA HeElwro 2 235 Yeddle & 93 2 A A
o7} giglth o]+ St FEEC] A TEY Ay fEAdl S FA ¥ o=

Az (35, 36).

>
8

70 A

Spontaneous altemation (%)

w
]

Control scoP THA WGE RGE BGE

Scopolamine (2 ma/kg)

Figure 6-5. Effect of a single administration of WGE, RGE and BGE on SCOP-induced memory
deficits as determined using the Y-maze. Spontaneous alternation (A) and the number of arm

entries (B) during a session in the §-min period were measured.
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u}. 3 F A 9] acetylcholinesterase (AChE), choline acetycholinesterase (ChAT) 3-4]
SCOP2 cholinergic receptor®] A A= 7] A4S Fudte] Ld=3fo]vL) thE

A ARAGom g v EAe] ofgstd dIRPE R AR AL
SCOP* #]+2] AChE #42 9.04+1.03 U/mg protein® = 7}%
(p<0.05), AChE inhibitor¢] THA *]2]*& 7.72£0.38 U/mg protein .

o
30

i
rlo

3kA]

=3

O

| 2

t} (37). E <¢lTel A
S Holown
Z SCOP &M}

AChE £4-& 20% #AAAFHTE (Table 6-2). vHA, Wiabal Sk X ]t 727 45%, 40%=

AChE @45 A7 AT (p<0.001). SAH TS oty vxd F5o 2345
HAFT T3 AAANA A dE A< acetylcholine®] FgHdol dofsh= & A
ChAT 242 SCOPoll of3] =A] FaFe x| &skvt (38). Lyuv FHAFEHEI S45
&2 77} 1.96+0.13 U/mg protein, 2.02+0.18 U/mg protein® & tfj =29 A u v}l #9
Ao g2 F7IskATt (p<0.05). 919 ZHE Fote] WA ACh 7h#3] &4 AChE 27
& AT e ® ACh7} AW A ACh #&A ZAddstes w+ ¥, 542 AChE
AT A AWz ACh S SAso] AWA AN FARE ACh L F
TINA NG AT = ACRE ARk B3 S48 AChE 27 °J A9 ChAT
44 F3E Bt AWA A A o] & F e AChe k& FIHAA SCOPe| 2
e 71AEgE mEA FEde A2 Andr (39)

Table 6-2. Effect of Korean ginseng extracts on AChE and ChAT activity in mice brain following

SCOP treatment

AChE ChAT

Groups U/mg protein

Control 8.78+1.04% 1.75+0.13
SCOP 9.04+1.03" 1.70+0.03°
THA 7.7240.38" 1.76+0.08"
WGE 5.18+0.85° 1.77£0.13°
RGE 5.69+0.85° 1.96+0.13°
BGE 8.63+0.48" 2.02+0.18°

YControl: vehicle-treated group; SCOP: scopolamine (2 mg/kg, i.p.) treated group; THA: pretreated with
tacrine (10 mg/kg, p.o.) + scopolamine; WGE, RGE, and BGE: pretreated with each ginseng extract (200

mg/kg, p.o.) + scopolamine.
?Values are expressed as means = SD (n=10).

Values with different superscripts within the same row are significantly different at p < 0.05.
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H gk WAk, 4k FEE0 A Bate] dfd FEUIAS AvEaA Hx
2 o] #akst magAd s A AAsstE JAS S Table 6-3¢] YEFHATE. SCOP2
MDA 3%zFe 11.96+2.31 nmole/mg protein®. = thxHT}l 160% S 7189t (p<0.001).
THA®L <14t FE5=8 dxad v FEo82 HA9 AdiitstE oA st
SCOP 9] F &4bst €4 (TAOC)S: txwHTh {foldos ZHAsalow (p<0.05), ¥
At B4 FEES YA AolE HolA gko, SCOP AP rut; F7takitt. A
W superoxide free radical-2- A 7] 3F= SOD &4 & SCOP oA fo& oz F71aksdtt
(40). Hydrogen peroxideE 43} catalasei= SCOPol A 2148 74 oLt (41),
AaFEEE FoA catalase o] FUHHSLAL, 53] SAFEE T4 M =2 24

& YERRE

Table 6-3. Effect of ginseng extracts on antioxidant enzyme activities following SCOP treatment

SOD CAT TAOC MDA

Groups o/
. . nmole/mg

(Unit/mg  protein) protein

Control 65.49+4.15"% 2.09+0.99* 9.86+2.00"° 7.44+127°
SCOP 88.23+10.95° 1.34+0.29° 6.93+0.95° 11.96+2.31°
THA 64.35+9.30° 1.32+0.21° 9.04+0.89™ 7.96+0.41°
WGE 64.86+9.27" 1.63+0.23% 8.20+1.13™ 8.35+0.91°
RGE 71.38+16.19° 1.80+0.35® 8.43+0.99™ 7.71£2.20°
BGE 69.39+11.66° 2.10+0.32° 10.55+1.33° 8.04+0.90°

" Control: vehicle-treated group; SCOP: scopolamine (2 mg/kg, i.p.) treated group; THA: pretreated
with tacrine (10 mg/kg, p.o.) + scopolamine; WGE, RGE, and BGE: pretreated with each ginseng
extract (200 mg/kg, p.o.) + scopolamine.

? Values are expressed as means £ SD (n=3).

) Values with different superscripts within the same row are significantly different at p < 0.05.
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o}. Cholinergic marker & o] WX 3= 3 4l°] & ¥ -Westem blot assay
Cholinergic marker?] ChAT¥ AChE ¢ 9138 wx 23} &vfo] A western bolto =

gelstdtt (Fig. 6-6). afjviel thx]ade] ChAT wuid WL SaFEE oA AA
5| Z713F T e 32 o] ChAT & positive control?l THA 2] H.t} QlitaE&E
Aol A @A Frhskitt. ®vh, svke] ChAT WaH 2 Z173He] 2ol & HolA| ek
T} SCOP9] tx 32 ChAT ©¥ld 5 xR HY 76.1% #4353t

SCOPF-o = ¥ x4 9] AChE 24§ F7HAI7]=d (42, 43), 2 AFolAE sinte} i
Jl o] AChE vz W& o] thzxHyy 27 117.9%, 143.2% % A A3 5713k A-S
#3191 th. SCOPAH e 2 <13te] Z7bg &wl AChE Sl Ao ulzx7v vwsgdS o, <l
A FEE AP A WA 51.8%, 4F 82.3%, SAF 79.5% o R AT B
J| 2 2] AChE g A Sla=Eo oA 22 =72 66.8%, 61.3%, 52.1% F=9
2 A E AT 4t %%%sﬂ AChE %aﬂg 13 o 4] § 7= AChE inhibitorg] THAZ]

°

{

O

3

¢

W gl ChAT (74kDa) W — A A\CHE (82 kDa)

tin (43 kKD
A W0 %% ws &= @ 5-octin (43 kDa) A 9 9 w8 8% W achin (43 kDa)
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Figure 6-6. Western blot analysis of the cholinergic marker proteins in the hippocampus (A) and
cerebral cortex (B) of amnesic mice induced by SCOP. #p<0.05,#p<0.01, ##p<0.001 compared

with control group.
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A}. Cholinergic marker W3 o] u]x = 549l ¥ 3} ; RT-PCR

e 1] A 3 s v}z A o A] cholinergic markerQ]l ChAT3} AChE2] mRNA ¥&-S- AbyH
%t} (Fig. 6-7). ChAT mRNA 232 3|ul (72.7%)} o= 9] A (782%)ol A & A 8] 7243}
Ak ZiEul, THASE 54F2 4% ChATS] mRNA Tdols e FA4 FEaslr). wh
o, Wbyl 3SR A g4 divle] ChAT mRNA ©& -2 7H7t 91.2%, 88.35% 2 714
Atk 33 A2l ChAT mRNA F32 SCOPo| 2l&] 7Z4A% mRNA W&o oW Agw
e FA FAUTE sfivke] AChE mRNA Hd e SCOP?@E 215k 40.6%= 7HA33d
o}, Ao AE 43S x| @gktl Z7l¥l AChE mRNA 3 S AChE inhibitor$]

THAY <14t 55 FoAZ dix A svtelr @AA3 AAHJY & AT72HRE &
3] 2w, 14t F+FE2 AChE @914 ¥ mRNA @S (?4 Ae fetel, ChAT whoy
A3 mRNAS Walg @A gA7|m2H SCOPe 93] frd AME Axmsts o=
AL 25 91}
A
140 140
—  — — e o o
120 | ERRg pacin (0t | 1 [ b ctn 03 o)
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Figure 6-7. RT-PCR of the cholinergic marker genes in the hippocampus (A) and cerebral cortex
(B) of amnesic mice induced by SCOP.**p<0.01,***p<0.00100mpared with SCOP group.
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7h A R Z7 A

WA EAL B4 FERS 1%, 3% FEo APl 897 Aol Al A
TG 7 2 AT IFD F4 Aol molH RO} 3% B F
8 2ol AFol b FAE AL BARYL ATAL A%, RBFAE A w7
o o Aol dold Rgvh 1% WA FEE 2o A 1 FAL gELuG &
gHoz etk 3% FAFEE 29 A% NEAL fedez Fosgt High
dose “LFol A9 AFEA S BAE + el o AL lean body masse] F7FE AL
o] At} (44-46).

Table 7-1. Body weight (g) and organs weight (mg/g b.w.) after 8§ months ginseng extracts

treatment in aged mice

B.W. Liver Kidney Testes Heart Brain

Control 55.0£5.0° 3224217 12.241.2% 4.3+0.7"° 3.840.4° 8.840.7°

HWG 582+1.7°  31.3+£3.4™  10.6+0.6° 3.6+0.5" 3.6+0.4° 8.620.6°
HRG 50.5+52°  33.0+1.2° 13.3+0.1° 4.5+0.3" 4.5+0.7" 10.4+1.6"
HBG 56.0£3.8°  29.6+0.7  11.02£04™  4.3+0.4" 0.8+0.2° 8.9+0.9"
LWG 54.0£5.6  29.042.2°  10.34+0.7°  4.4+0.7" 4.0+0.6" 9.4+0.8"
LRG 554445 307422 10.22+1.0° 43404 3.8+0.2° 9.10+1.0"
LBG 52.944.5°  31.9+1.7"  1138£1.65°  4.5£0.6" 3.9+0.3% 9.3+1.0%

YValues are expressed as means + SD (n=5).
HWG, HRG, HBG : 3% WGE, RGE, BGE diet
3)LWG, LRG, LBG : 1% WGE, RGE, BGE diet

YValues with different superscripts within the same row are significantly different at p< 0.05.
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oo @A 2 2%

AHe Feste] A4 FE:=9 AV AV €A 4 od s FA H
7}&} 314} Cholesterol, TG, HDL-cholesterol, Glucose®] == ZA3}¢v} (Table 7-2). 1%
EAZ=Z2E20 83 cholesterol F2E A A AAAAL. 3% EA FZES 8H
HDL-cholesterol =& WZHT 30.9%E Z7FHA7]= 235 YJeEHAY. 1% 4 5=
s AL UrA] Q4 Ao A% & Evd HDL-cholesterol %\—']7} Z7}81 9 o).
A4 FAAY vre iEEE AYA @A AASEATH 3% &4, 3% 54 1%
$ab 2oldo] A 77 15.6%, 412%, 208% Fzoz A AW e ZaAAT
(47-49)

Table 7-2. Cholesterol, HDL-cholesterol, TG, and glucose after 8§ months

in aged mice

ginseng extracts treatment

TC HDL-C TG Glucose
Group
mg/dL
Control 129.3+39.3 48.5+3.8" 108.5+22.0° 157.25422.6™
HWG 116.9+10.9™ 56.2+3.7% 89.0+16.3" 182.5+8.4"
HRG 106.8+6.9% 54.6+4.9™ 75.4+11.8° 132.6+20.6™
HBG 127.9422.4% 63.5+11.2° 82.4+14.6° 92.43+9.9
LWG 122.7+8.0° 56.2+6.2" 97.2+12.0™ 168.78+18.6°
LRG 101.8+14.6™ 52.2+6.1° 85.9+7.3" 124.5+13.7°
LBG 95.0£21.4° 48.3+6.0 107.5+17.2%° 165.3+18.18"

" Values are expressed as means £ SD (n=5).
? HWG, HRG, HBG : 3% WGE, RGE, BGE diet
Y LWG, LRG, LBG : 1% WGE, RGE, BGE diet

Y Values with different superscripts within the same row are significantly different at
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o}, 3 ZF A 9] acetylcholinesterase, choline acetyltransferase 314

8L 1%, 3% W4k, &4k, &4 FHES 2ol Hrislte] HE3 Ay}, ¥ x4
AChE &4 & wE 8oA txwrch @43 72439t (Table 7-3). ChATS] &4 &
3% ZAF 2L Ay doA UERTaT 20% 4o Z71start. B AR AHRE Ealo]

Table 7-3. Effect on the AChE and ChAT activities in the brain after 8 months ginseng extracts

treatment in aged mice

AChE ChAT
Group
U/mg protein
Control 4.7740.98" 6.43+£0.19"
HWG 3.4440.79" 6.60+0.74°
HRG 2.92+1.12° 6.3240.56"
HBG 2.36+0.77° 7.69+0.39°
LWG 3.04+1.23° 6.05+0.34°
LRG 2.81+0.69" 6.11+0.83°
LBG 2.2240.55" 6.84+0.56°

YValues are expressed as means £ SD (n=5).
HWG, HRG, HBG : 3% WGE, RGE, BGE diet
3)LVVG, LRG, LBG : 1% WGE, RGE, BGE diet

Values with different superscripts within the same row are significantly different at p< 0.05.
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ot x4 o ik a4 A0 v A= 2

AMFEES A7|HA7E Hxd dakstedde] mA e dEe gotr A AHiikE
B3} SOD, Glutathione reductase (GR)EH S £293} 9t} (Table 7-4). x4 e x| 23}k
3E2 | F+to] 3.33+0.23 nmole/mg protein® & 7} =& FAE WU CAFEEE A
e AwAez AARRHE FA}F Aasg o, dEEH §o49 AolE welA
@ okth SOD$F GR &A= IAFEE AegA F7istes 43S Bilow, 53 SOD+=

3% S HATANA, GR BHE 3% WA, B 1% B4 Tl AAS Foserh

Table 7-4. Changes in MDA levels, SOD and GR activities in the brain after 8 months treatment

with ginseng extracts treatment in aged mice

MDA SOD GR
Group
nmole/mg protein Unit/mg protein

Control 3.33+0.23 45.43+11.16° 11.5042.57°
HWG 3.21+0.45 56.06+4.95° 19.60+4.19°
HRG 3.06+0.46 47.71+5.45° 18.57+4.45°
HBG 3.11£0.32 55.04+5.59° 15.25+2.34°
LWG 2.93+0.26 44.80+2.99° 13.25+2.04°
LRG 2.98+0.24 49.32+5.24° 17.19+3.21°
LBG 2.70+0.35 50.37+10.96" 13.67+1.54°

" Values are expressed as means £ SD (n=5).
HWG, HRG, HBG : 3% WGE, RGE, BGE diet
3)LWG, LRG, LBG : 1% WGE, RGE, BGE diet

Values with different superscripts within the same row are significantly different at p< 0.05.
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v}, Cholinergic marker protein W3 o] v X|i= &3}

Fig. 7-1& 3% <4 FE2ES /€t A7 AFAAZ o2~ ¥ zx49]  cholinergic
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Figure 7-1. Western blot analysis of the cholinergic marker proteins in the hippocampus (A) and

cerebral cortex (B) of aged mice fed 3% ginseng extract diets for 8 months.
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Hl. GAP-43, SNAP-25, NGF @@ v X = &3}

Synaptic marker$! GAP-433} SNAP-25 Z12]3. Neurophins F2] T2 w22l NGF2

AL ool A wETG (Table 72). GAP-43L 3% TS F4b FEE He)A
OET R fo)doz Z7bsgith SNAP-2S ©u e Qlak HewelA] BE foHow
FAFSHATE WA SAklA Zh7 137%, 139%: F7hs ik

Neurotrophin NGF3= cholinergic cell®] A=3F /%], A|WA 7haA F23% o
= Gl AR ChATS A4S 2Ad3le] AAAGE A acetylcholinefﬁ S :‘i‘r‘ﬂ]a‘ x=
A3}l NGFE wiah 122%, &4 110%, Z4F 133% 2 B
4, QY FEE 56, A9 BE A4S B 4L wBe 9D newouphine] 2415

cholinergic systetm™ memory o & 3] 53}= 7|50 U= Ao =Z AR AT (52-54).
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Figure 7-2. Western blot analysis of GAP-43, SNAP-25, and NGF protein in the cerebral cortex of

aged mice fed ginseng extracts for 8 months.
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Figure 8-1. Effect of long-term treatment of RGE and BGE on aged memory deficits in the passive

avoidance task. Retention trials were carried out for 5 min 24 h after the acquisition trials.
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Table 8-1. Effect of RGE and BGE on comet parameters of the lymphocytes of peripheral blood in

aged mice
Tail ratio (% DNA) Olive tail moment Tail Length (um)
Control 10.85+1.07* 5.48+1.27° 16.56+2.52°
RGE 7.02+0.73° 2.71£0.30° 11.35+1.54°
BGE 6.01£0.91° 2.76+0.85" 9.70+1.20°

" Values are expressed as the group mean = S.D. (n=5).

? Values with different superscripts within the same row are significantly different at p< 0.05.
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14 4
12 1
B ] 20
, 10 A ) -
z g E
: Tt E ';". ]5 1
= 8 s 4 A £~
o rrr E i)
=] - TEE =
— o
E 6 g 3 e : 10
= = I - =
£ 5 E
= 4 2
5 4
2 1
0 0 . . 0
Control RGE BGE Control RGE BGE Control RGE BGE

Figure 8-2. Representative image of fluorescent microscopic and comet parameters.
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Figure 8-3. Effect of ginseng extracts on AChE and ChAT activities in the cerebral cortex of aged

mice brain. Values are expressed as means £+ S.D.
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Figure 8-4. Western blot analysis of AChE, ChAT and VAChKT protein in the hippocampus of aged

mice.
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Figure 8-5. Western blot analysis of GAP-43 and SNAP-25 protein in the hippocampus (A) and

cerebral cortex (B) of aged mice
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Figure 8-6. Western blot analysis of GAP-43 and SNAP-25 protein in the hippocampus of aged

mice.
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Figure 9-1. The Morris water maze test of all groups of rats.(A) Latencies to find a fidden

platform in the water maze during 4 consecutive days training; (B) the number of crossing

over the exact location of the former platform; (C) comparison of the time spent in the target
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Figure 9-2. Effects of different ginseng extracts on the contents of MDA in the cortex and

hippocampus of D-galactose treated rats.
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Figure 9-3. Effects of different ginseng extracts on the SOD and Catalase activity in the cortex and

hippocampus of D-galactose treated rats.
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Figure 9-4. Effects of different ginseng extracts on the GPx and Na'-K'-ATPase activity in the

cortex and hippocampus of D-galactose treated rats.
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Figure 9-5. Effects of different ginseng extracts on the AChE and ChAT activity in the cortex and

hippocampus of D-galactose treated rats.
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Figure 9-6. Effects of different ginseng extracts on the MAO-B activity in the D-galactose treated

rat brain.
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Figure 9-7. Comparison between total RNA, RT-PCR and real-time PCR of GAP-43 and SNAP-25
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RGE; T4, BGE; C, vehicle control group). 276 genes out of 12,060 genes were at least

two-fold different.
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Table 9-1. Some genes with known functions that were up- and down regulated in the rat

hippocampus after the Morris water maze test (at least 2-fold)

Function Identified genes T1/C T2/T1  T3/T1  T4/Tl

DNA replication(1) NM_001008768.1/DNA primase, p49 subunit -1.99 1.16 2.93 2.67

NM_080481.1/ATP synthase, H' transporting,
mitochondrial FO complex, subunit e (Atp 5i)
NM_017311.1/ATP synthase, H' transporting,
mitochondrial FO complex, ubunit ¢, isoform 1

NM_019292.3/catbonic anhydrase 3 (Ca3) -10.81 10.52 1.49 9.45

Energy/metabolism(17) -2.40 231 243 231

-2.09 1.88 1.69 1.76

NM_130403.1/protein phosphatase 1, regulatory

(inhibitor) subunit 14A 213 241 2.25 1.69

NM_016891/protein phosphatase 2, regulatory

subunit A alpha isoform 245 178 2.58 1.69

NM._138748/protein phosphatase 2, regulatory 175 156 339 1.84

subunit B
NM_181381.2/ATP-binding cassette, sub-family G, 120 1.95 259 290
member2
NM_080767.1/proteosome subunit, beta type 8 -1.47 2.65 1.63 1.96

+ + .
NM 010731/ATPase, Na™, K7, transporting alpha 217 132 247 178

polypeptide

NM 031756.1/ gamma-glutanmyl carboxylase -8.61 1.13 3.19 2.90
NM 212506.1/MHC class II region expressed gene 2132 286 1.95 278
KE2

NM _022215.2/ glycerol-3-phosphate dehydrogenase 153 272 5.09 416
1(soluble)

NM701.7253.1/branched chain aminotransferase 1, 1.80 150 2381 196
cytosolic

NM_022944.1/inositol polyphosphate

phosphatase-like 1 (Inppll) -2.01 2.25 1.92 1.81

NM_053540.1/cytochrome ¢ oxidase, subunit X VI

. -2.37 231 2.13 2.26
assembly protein homlog (yeast)

NM_181687.1/neuronatin, transcript variant2 -2.80 1.25 1.80 2.18
NM_001008352.1/phosphomevalonate kinase -2.29 1.72 1.46 1.67
Heat shock/ stress(2) NM- 031970.1/heat shock 27kDa protein 1 -2.40 1.26 247 2.68

XM 343065.2/nuclear factor of kappa light chain

gene enhancer in B-cells inhibitor, alpha(Nfkbia) -1.35 202 222 1.33

Matrix/structural

. NM_080697.2/dynein light chain-2 -2.62 236 237 2.67
proteins (2)
NM 173102.1/tubulin. beta 5 -1.97 1.75 1.96 2.02
. NM_017152.1/ribosomal protein S17 -1.89 2.18 1.85 1.80
Protein -
synthesis /translational NM_022699.2/ribosomal protein L30 -42.31 28.30 28.56 27.34
control (10) NM_053597.2/ribosomal protein S27 2190 210 204 202
NM_012875.1/ribosomal protein L39 -1.93 2.17 2.16 1.92
NM_022504.1/ribosomal protein L36 -2.79 2.88 231 231
NM_021264.2/ribosomal protein L35a -1.88 2.02 1.77 1.84
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Signal transduction (10)

Transcription/chromatin (11)

Miscellaneous function (2)

Developmental process

NM_031111.1/ribosomal protein S21

NM_031327.2/cysteine rich protein 61

NM_017216/solute carrier family 3, member 1

NM_173339.1/CEA-related  cell adhesion
molecule 10

NM _012614.1/neuropeptide Y
NM_053485.2/S100 calcium binding  orotein A 6

NM_031645.1/receptor  (calcitonin) activity
modifying protein 1(Rampl)

NM_012862.1/matrix Gla protein  (Mgp)
NM_031511.1/insulin-like growth  factor 2

NM_031648.1/FXYD domain-containing ion
transport regulator 1

NM_012612.1/natriuretic peptide precursor type
A

NM_019161.1/cadherin 22

NM_019904.1/lactin, galactose binding, soluble
1

NM_019137.1/early growth response 4
NM_023988.1/zinc finger protein  354C

NM_017364.1/ zinc finger protein 260

NM_019310.1/inter leukin 8  receptor, alpha

NM_053425.1/copper chaperone for superoxide
dismutase

NM_012733.3/retinol binding protein 1, cellular

NM_198776.1/beta-glo (MGC72973)
NM_033234.1/hemoglobin beta chain  complex

NM_053371.1/fractured callus expressed
transcript 1

NM_013096.1/hemoglobin alpha, adult chain 1
NM_012824.1/apolipoprotein C-I

NM_022668.1/myelin oligodendrocyte
glycoprotein

NM_012676.1/troponin T2 cardiac
NM_053713.1/Kruppel-like factor 4  (gut)

NM_001009645.1/Kinesin family = member 22
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Table 9-2. Some genes related to action potential propagation in hippocampus

Identified genes TI/C T2/T1  T3/T1 T4/T1
NM_053981.1/potassium inwardly-rectifying channel, subfamily J, member 12 -1.16 1.61 1.15 1.35
NM_012971.1/potassium voltage-gated channel, shaker-related subfamily J, 1.31 -1.15 -1.44 -1.70
member 4
NM_173095.2/potassium voltage-gated channel, shaker-related subfamily J, 1.27 -1.78 -1.20 -1.11
member 1
NM _019266.1/sodium channel, voltage-gated, type 8, alpha polypeptide 1.22 -1.42 -1.89 -1.55
NM_030875.1/sodium channel, voltage-gated, type 1, alpha polypeptide 1.42 -1.70 -1.19 -1.33
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Table 9-3. Some genes related to the synaptic transmission in hippocampus

Identified genes function T1I/C T2/T1 T3/T1 T4/T1
NM_177982.1/huntingtin-associated protein 1 ~Membrane traffic protein; Intracellular
= . . . . . -1.66 1.26 1.40 1.79
(Hapl), transcript variant 2 protein traffic; Synaptic transmission
. Lo "
NM_030844.1/islet cell autoantigen 1 Synaptic transmission; Newrotransmitter o,y 26 47 1 qp
- release
NM_052829.1/regulating synaptic membrane Select regulatory molecule; Regulated 150 161 156 108
exocytosis 1 exocytosis; Neurotransmitter release ' ’ ’ '
NM_031594.1/purinergic receptor P2X, Signal transduction; Nerve-nerve
L . . . -1.28  1.28 1.32 1.21
ligand-grated ion channer 4. &Neuromuscular synaptic transmission
NM_024394.1/5-hydroxytryptamine(serotonin)  Receptor, Signal transduction; 183 142 156 1.96
receptor 3a Nerve-nerve synaptic transmission ’ ’ ’ ’
NM_175758.3/sodium-dependent neutral transporter; Ion tranport; Neuronal
. . L . . -1.27  1.66 1.37 1.50
amino acid transporter ASCT2 activities; Synaptic transmission
NMf(.)53585.1/MAP-k1nase activating death  Signal .tr'c.msductlon; Synaptlc . 149 1.68 172 148
domain transmission; Apoptosis; Neurogenesis
NM_017194.1/cholinergic receptor, nicotinic, Signal transduction; Transport; 137 131 154 172
epsilon polypeptide Neuromuscular synaptic transmission ' ' ' '
NM_052806.1/cholinergic receptor, nicotinic transport;Nerve-nerve synaptic 185 157 141 175
beta polypeptide 4 transmission; Sensory perception ' ' ' '
. . ... Acetylcholine receptor; Transporter,
NM7012528.1./ch011nerg1c receptor, nicotinic Signal transduction; Neuromuscular -1.73  1.78 1.69 1.76
beta polypeptide 1 . .
synaptic transmission
Acetylcholi tor; N 1
NM_019145.1/cholinergic receptor, nicotinic cey.c otme r.ec.ep o Reuromuseuiar
~ I id synaptic transmission; -1.03 1.65 1.52 1.88
gamma polypephde Muscle contraction
. .. Acetylcholi tor; Signal
NM_024354.1/cholinergic receptor, nicotinic cety’e 91ne receptor 1gnz.a
— . transducti-on;  Nerve-nerve  synaptic -1.14  1.00 1.04 1.64
alpha polypeptide 4 o
transmission
NM7017O78.1/.ch011nerg1c receptor, nicotinic Slgnal. transduct.lor}; Nerve-nerve 217 261 123 1 44
alpha polypeptide 5 synaptic transmission
NM79125.27.1 N G-protelq coupled recepto.r; Signal 181 1.94 2,00 185
/cholinergic receptor, muscarinic 3. transduction; Neurotransmitter release
NM_017263.1/glutamate receptor, ionotrpic, Glutamate receptor;. Transpot.T; . 147 -139 154 -130
4 Nerve-nerve synaptic transmission
NM_017261.1/glutamate receptor, ionotropic Glutamate receptor;. TranspOI.T;. 170 -141  -128  -1.60
2 Nerve-nerve synaptic transmission
NM_032990.1/glutamate receptor, ionotropic, Glutamate receptor; Transport;
. . 1.60 -143 -1.59 -1.60
AMPA3 (alpha 3) Nerve-nerve synaptic transmission
NM_012575.2/glutamate receptor, ionotropic, Signal Transductlon.; Transp(.)n;. 174 -184 -139 -1.04
NMDA2C Nerve-nerve synaptic transmission
NM_012574.1/glutamate receptor, ionotropic, Signal Transductlon.; Transp(.)n;. 135  -144  -159 -139
NMDA2B Nerve-nerve synaptic transmission
NM_080587.1/gamma-aminobutyric acid Signal Transduction Transport; 162 -155 -195 -176
(GABA-A)receptor, subunit alpha 4 Nerve-nerve synaptic transmission ' ' ' '
NM_183327.1/gamma-aminobutyric acid A GABA receptor; transport; Nerve-nerve 151 -185 -181 -1.62

receptor, gamma 2

synaptic transmission
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Table 9-4. Some genes with known functions that were related to other neuronal activities in the rat

hippocampus after the Morris water maze test

Identified genes Function T1/C T2/T1 T3/T1 T4/T1

NM_021595.1/ninjurin 2 Cell  adhesion molecule; Cell adhesion; -1.48  1.80 1.89 1.62
Neuronal activities; Neurogenesis

NM_012828.1/Calcium channel, Voltage-gated calcium channel; -1.45 1.61 1.21 1.78

voltage-dependent, beta 3 subunit Neurotransmitter release; Nerve-nerve &
Neuromuscular synaptic  transmission

NM_053399.1/neurturin Neurotrophic factor; Signal  transduction; -1.33  1.39 1.39 1.63
Neuronal activities

NM_013175.1/secretory granule Signaling molecule; Neuropeptide; Neuronal -1.05 1.03 1.69 1.79

neuroendocrine protein 1 (SGNE 1) activities

NM_013179.1/hypocretin Signaling molecule; Neuropeptide; Signal -1.23  1.74 1.45 2.24
transduction; Neuronal activities

NM_139326.2/pro-opiomelanocortin ~ Neuropeptide; Signal transduction; Neuronal -1.37  1.72 1.37 1.59
activities

NM_013007.1/prepronociceptin Neuropeptide; Signal transduction; Neuronal -1.33  1.65 1.22 1.32
activities

NM_023968.1/neuropeptide Y Signal transduction;  Neuronal activities -1.17  1.88 1.05 1.06

receptor Y2

NM_012869.1/ neuropeptide Y  Signal transduction;  Neuronal activities 1.62 -142 -1.06 -1.37

receptor Y5

NM._019162.1/tachykinin 2 Signal transduction; Neuronal activities ; -1.25  2.99 1.44 1.56
Neuropeptide

NM _012768.1/dopamine receptor 5  Receptor; G-protein coupled receptor; Signal -1.01 1.40 1.95 1.34
transduction;

NM_012585.1/5-hydroxytryptamine  G-protein receptor; Signal transduction; -1.12 149 1.72 1.46

(serotonin) receptor 1A

NM_017053.1/tachykinin receptor 3 ~ G-protein receptor; Signal transduction; 1.18 -1.65  -1.10 -1.10

NM 017012.1/glutamate ~ receptor, Signal transduction; G-protein mediated 1.53 -1.66  -1.85  -1.67

metabotropic 5 (GRM 5) signaling; Neuronal activities

NM 017011.1/glutamate ~ receptor, Signal transduction; G-protein mediated 1.94 -1.65  -1.62 -191

metabotropic 1(GRE 1) signaling; Neuronal activities

NM 012912.1/activating Transcription factor; CREB; transcription -1.09  1.06 1.86 1.69

transcription ~ factor 3 (ATF3) factor;  Neuronal activities

NM 017334.1, cAMP  responsive CREB Transcription factor; Signal transduction; -1.27  1.30 1.82 1.37

element modulator, transcript Neuronal activities

variant 2

NM_019166.1/synaptogyrin 1 Membrane traffic regulatory protein;  Neuronal -1.21 1.56 1.22 1.03
activities

NM_022533.1/transmembrane 4 Transport; Ion  transport; Neuronal activities -1.11 1.28 1.60 1.30

superfamily member 11

NM_053851.1/calcium channel, Neurotransmitter release; Nerve-nerve & -1.71 1.44 1.34 1.40

voltage-dependent, beta 2 subunit Neuromuscular synaptic transmission

NM 017110.1/cocaine amphetamine Signal transduction; synaptic transmission -1.20 151 1.04 1.15

regulated  transcript

NM 031503.1/achaete-scute Transcription  factor; Neuronal activities; -1.53 145 1.04 1.19

complex homolog-like 2 Neurogenesis; Oncogenesis

(Drosophila)

NM 031019.1/corticotropin Peptide hormone; Signal transduction; Stress  1.68 -1.24  -136 -146

releasing  hormone

response; Neuronal activities-
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NM_017295.1/gamma-aminobutyric
acid A recepor,alpha 5

NM_017065.1/gamma-aminobutyric
acid recepor,subunit beta 3

NM_183326.1/gamma-aminobutyric
acid A recepor,alpha 1

NM_031656.1/syntaxin 8

NM_053788.2/syntaxin ~ 1A(brain)

NM_030991/synaptosomal-associated
protein 25

NM_013038.3/syntaxin binding
protein 1
NM_178346.1/syntaxin binding

protein

variant s
NM 019159.1/synapsin
II(Syn2),transcript

5(tomosyn)(Stxbp5),transcript

variant 2
NM_031693.1/synaptotagmin 4

NM_023974.1/synaptoporin

NM_017195/growth
43

associated protein

NM 017346.1/calcium
channel,votage-dependent,beta 1 subunit

NM_053997.3/potassium voltage
gated channel,Shaw-related
subfamily,member 3
NM_053296.1/glycine
subunit(Glrb)

NM_012788.1/discs,large
1(Drosophila)

receptor,beta

homolog

NM 001007235.1/inositol
1,4,5-triphosphate receptor 1

NM 021748.1/N-ethylmaleimide
sensitive fusion protein

NM_012513.2/brain
neurotrophic factor(BDNF)

derived

NM_013032.2/solute carrier family

1,member 1
NM_019225.1/solute carrier family
1,member 3
XM 341071.2/RIM binding protein
2(predicted)

NM 134411.1/RAB3A
protein(rabin3)-like 1

interacting

GABA receptor, Signal transduction,
Nerve-nerve synaptic transmission

Signal transduction; Transport; Nervenerve
synaptic transmission

GABA receptor, Nerve-nerve  synaptic
transmission

SNARE protein; General vesicle transport;
Neurotransmmitter release

SNARE protein;  Small molecule
transport; Synaptic transmission

SNARE protein;  Small molecule

transport; Synaptic transmission

Membrane  traffic regulatory protein; Transport;
Neurotransmitter release

Membrane traffic
Neurotransmitter release

regulatory  protein;

Membrane traffic regulatory protein; Synaptic
transmission

Membrane traffic  regulatory  protein;
Neurotransmitter release

Membrane traffic  regulatory  protein;
Neurotransmitter release

Membrane traffic  regulatory  protein;

Neurotransmitter release

voltage-gated  calcium channel; Neurotransmitter

release; Nerve-nerve&Neuromuscular synaptic
transmission
voltage-gated potassium  channel;  Signal

transduction; Synaptic transmission

Receptor;  Signal transduction;transport;
Nerve-nerve synaptic transmission

Transmembrane receptor
protein; signal transduction

regulatory/adaptor

Receptor; Calcium mediated signaling; Stress
response; Neurotransmitter release

Hydrolase; Exocytosis; Transport;
Neurotransmitter release

Neurotrophic factor;Nerve-nerve  synaptic
transmission; Neurogenesis

Transporter; Transport; Signal transduction;
Synaptic transmission

Transporter; Signal transduction; Synaptic
transmission

Miscellaneous fuction; Signal transduction;

Synaptic transmission

Guanyl-nucleotide exchange factor;
transduction; Synaptic transmission

Signal

1.49 -1.66
1.88 -1.86
1.43 1.68
-1.31  1.79
-1.18 1.04
-2.74 1.74
-1.36  1.72
-1.50 1.30
-1.15 173
-1.30 1.58
-148 1.56
-2.54 1.86
-1.68 1.68
-1.29 1.77
1.47 -2.04
125 -1.88
1.64 -1.28
232 -2.86
-1.68 1.31
-1.02 1.62
1.49 -1.32
1.49 -1.08
1.75 -1.29

-1.16 -1.42

-1.95 -1.94

-1.65 -1.36
1.45 1.29

1.43 1.71

2.46 1.89

1.51 1.29

1.49 1.47

1.55 1.85

1.44 1.24

1.68 1.43
2.02 2.43

1.31 1.57

1.46 1.55

-1.44 -1.34

-1.44 -1.13

-1.16 -1.26

-2.96 -1.85
1.41 1.80

1.35 1.43

-1.94 -1.36

-1.57 -1.61

-1.33 -1.47
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Figure 10-1. The effects of Rb; on cognitive performance in Morris water maze test. Rbl decreased
the escape latency (A), and increased the percentages of time in target quadrant (B) and the

number of crosses (C).
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Figure 10-2. BrdU-immunohistochemistry. Photomicrograph of BrdU-positive cells (arrowhead) in the
DG (A, control; B, Rbl) and CA3 (C, control; D, Rbl). Scale bar = 20um.

3
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Total number of BrdU-positive cells

Figure 10-3. Effects of Rb; on neurogenesis in the different hippocampal subregions. A, when BrdU

was given to rats 30 days before they were killed.
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