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AChE

Scopolamine

(2) : ginsenoside Rg3

HPLC ginsenosides
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Ginsenoside Rg3

HPLC ginsenoside Rg3

.

Cholinesterse

, , DPPH , , SOD-

.

Acetylcholinesterase (AChE) butyrylcholinesterase (BuChE) ,

.

5, 10, 15 g/kg ,

.
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scopolamine

Scopolamine , passive avoidance test, Y-maze

test, Morris water maze test ,

.

Cholinergic biomarker

scopolamine AChE

, acetylcholine ChAT . Western blot

ChAT .

stress .

4 , cholinergic marker

, synaptic marker GAP-43, SNAP-25, NGF

.

D-galactose

D-galactose ,

, cholinergic marker

GAP-43 SNAP-25

.

, ,

.

2

.
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2

 EU

.

 1978 WHO 31

, , .

 

, 2002 6

.

 

2 .

 L-carnitine choline

.

 Huperiza serrate acetylcholinesterase

Huperizine

.

 2000 Eisai Co (UK)

.

.

2.

 2004

.

 

,

.
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21 , , , ( 100%), ,

CJ BF-7, ,

G BF-7, ,

ReCall
Ocean Seacrets

(U.S.A.)
, , ,

Hyperium

Peroratum
HBS(U.S.A) John's wort, Microcrystalline cellulose etc.

Soya lecithine
Nature Made

(U.S.A)
soya lecithine, phosphatidyl choline,gelatin, glycerin

Ginkoba
Pharmaton

(Germany)

ginkgo biloba extract, hydropropyl methyl cellulose,

lactose, synthetic iron etc.
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1

4 100 10 , 60

8 80 6 8

.

HPLC (SPD 20A, SIMADZU, Japan) (1). ACE

5 C18 (250×0.4 mm, 5 m) , UV detector (203 nm) .μ

(A) acetonitrile (B) gradient system . B

0-30 20%, 30-60 20-45%, 60-78 45-75%, 78-80 75-80%, 80-100 80-100%

. 1 mL/mim , 10 L . 11 ginsenosideμ

standards (Rg1, Re, Rf, Rg2, Rb1, Rc, Rb2, Rb3, Rd,20(S)-Rg3, 20(R)-Rg3) 98%

Hongjiu Biotech Co. Ltd (Jilin, China) .

2.

.

- , , 24

60 24 98 3 -

(2).

.

Soxhlet

. , 70% , 100%

, soxhlet 75-80 3, 6 . 1.5 , 3

.

.

24

80, 100, 120 , 15 , 30 , 45
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ginsenoside Rg3 .

.

1, 2, 4% NaHCO3 120 15 4 -

.

. PHAs

10 g 100 mL 20 mL methylene chloride 10

2 . methylene chloride sodium sulphate

N2 gas . 2 mL n-hexane 1 mL

Silica-Florisil column . 80 mL methylene chloride-n-hexane (1:9 v/v)

elution N2 gas . 0.5 mL

cyclohexane internal standards GC/MS .

3. Cholinesterase

.

.

. , 4 60 4

24 120 30 60 24 .

3 (3).

.

80% 10 60 1 ultrasonication

, 3 .

44.50% .

.

(1) DPPH

DPPH radical Blois (4) . 0.2 mL 4

× 10-4M 1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma Co., St. Louis, MO, USA), 0.8 mL

10 10 517 nm

. DPPH radical

(electron donating activity; EDA) .
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EDA (%) = (A B/A) × 100 A , B

.

(2) SOD

SOD Marklund & Marklund (5) (H2O2)

pyrogallol (1,2,3-trihydroxybenzene) SOD

. 10 L pH 8.5 tris-HCl buffer (50 mMμ

tris + 10 mM EDTA) 130 L 7.2 mM pyrogallol (Sigma-Aldrich Co.,St. Louis, MO, USA)μ

10 L 25oC 10 , 1 N HCl 10 Lμ μ

. pyrogallol 420 nm

(%) .

SOD (%) = (A B/A) × 100

(3)

0.5% FeCl3 (total

phenolics content) Slinkard & Singleton (6) . 10 mg/mL

, 50 L 7.5% Naμ 2CO3 1.5 mL

10% Folin-Ciocalteu (Wako Chemical Co., Osaka, Japan) 1.5 mL

30 (Genesys 5, Milton Roy, NY, USA) 765 nm

. tannic acid polyphenol

.

. Cholinesterase (ChE)

ChE Ellman (7) . Acetylcholinesterse (AChE)

butyrylcholinesterase (BuChE) acetylcholine butyrylcholine . 0.1

M Na-phosphate buffer (pH 8.0) 340 L, 2 mM 5, 5’-dithiobis (2-nitrobenzoic acid) (DTNB)μ

40 L, 40 L 50 mM Tris buffer (pH 8.0, 0.1% bovine serum albumin)μ μ

AChE, BuChE (0.22 U/mL) 460 L 10 ,μ

3.75 mM acetylthiocholine iodide (ATCI) butyrylthiocholine chloride (BTCC) 10

L 2 410 nm . ChEμ

.

(%) = [A0 A1/A0]× 100

Ao :

A1 :

IC50 value (mg/mL) 50%
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4. ,

.

4 24 120 30

60 18 3 .

. , , , Cholinesterase

70% 6 1

3 . HPLC

. , SOD- , DPPH

, AChE BuChE .

5. AChE

.

25-30 g ICR mice ( ) 23±2oC,

55±5 , 12 dark/light cycle .

. 200 mg/kg

. 1 , 6 , 24 (n=5) AChE

. .

(NIH, National Institutes of Health) (No. 85-23, revised 1985)

, .

. AChE

AChE acetylcholine iodide Ellman (7)

. 10 homogenization buffer (12.5 mM sodium phosphate

buffer pH 7.0, 400 mM NaCl) 1,000 g 10

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

Ellman's (10 mM DTNB, 15 mM sodium bicarbonate) 50 L, 0.1 mLμ

cuvette 10 75 mM acetylthiocholine iodide 10 Lμ

410 nm 2 .

6.

.
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Sprague-Dawley rat (8 ) 23±2 ,

55±5 , 12 dark/light cycle .

. 18 5, 10, 15

g/kg bw 10 mL/kg volume .

. 10 . 2

, .

12 , , , , , ,

, 10% formaldehy HE .

(NIH, National Institutes of Health)

(No. 85-23, revised 1985) ,

.

. Hematolgical, biochemical analyses

EDTA (Sysmex XE 2100, Japan)

RBC, WBC, , MCV (mean corpuscular volume), MCH (mean corpuscular

hemoglobin), , . EDTA

3000 rpm 15 . GOT, GPT,

creatinine, BUN, cholesterol, Glucose, Bilirubin, Protein, Na, K, Cl .

.

2 3000 rpm

, , glucose, ketone, bilirubin, blood .

. ,

Formaldehyde

5 uM slide glass Hematoxyline-Eosin

.

7. Scopolamine

.

, , 70% 10 (v/w) 50 1

3 . 60

.

. Scopolamine
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25~30 g ICR mice ( ) 23±2 , 50 ±

5 , 12 dark/light cycle .

. , Scopolamine , Tacrine ,

8 5 . Tacrine

1 200 mg/kg, 10 mg/kg ,

30 scopolamine hydrobromide 2 mg/kg

. tacrine, scopolamine ,

.

. -Passive avoidance test

(Jungdo Bio & Plant Co. Ltd, Seoul, Korea) . 20 ×

20 × 20 cm , grid .

60 positive control tacrine (TAH, 10 mg/kg)

, .

10 (guillotin door)

(Gemini Avoidance System, San Diego, USA).

60 .

(acquisition trial) .

, 0.5 mA 3 grid

. (acquisition trial) 24

. , 60

THA , 30

scopolamine SCOP, 2 mg/kg) . 10

4

(retention trial). 300 .

. -Morris water maze

pool ( 120 m, 65cm) 30 m (23

±2 ), 4 10 cm (escape platform) 1cm

. platform

60 , 4

2 .

platform 10 platform , 120 platform



- 27 -

10 platform platform .

20 , 5 working memory

platform platform (escape latency) probe test

(8).

. Y-

Y- ICR mice

. 1 tacrine ,

scopolamine 2 mg/kg 30 .

Y- ( 40 cm, 4 cm, 12 cm, arm 120o)

Y A, B, C

8

. ,

.

1 (ABC, CAB, BCA; , actual alternation).

(alternation behavior) .

(%)=[ (actual alternation)/ -2]×100.

.

. AChE, ChAT,

Water maze 10

homogenization buffer (12.5mM sodium phosphate buffer pH 7.0, 400mM NaCl)

1,000 g 10 . AChE

acetylcholine iodide Ellman .

thiobarbituric acid reactive substances (TBARS)

(9). Choline acetylcholine trasferase (ChAT), catalase, SOD, GSH-Px kits

(Jiancheng Institute of Biotechnology, Nanjing, China) .

. Cholienrgic marker

cholinergic marker AChE, ChAT western blot

RT-PCR mRNA (10,11).
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8.

.

8 ICR ( ) 4 , , 1%, 3%

diet . -80

.

.

3500 rpm 15 cholesterol, HDL-cholesterol,

TG, glucose .

. AChE, ChAT,

10 homogenization buffer (12.5mM sodium phosphate buffer pH

7.0, 400 mM NaCl) 1,000 g 10

. AChE acetylcholine iodide Ellman

. thiobarbituric acid reactive substances

(TBARS) . Choline acetylcholine trasferase (ChAT), SOD, GR

kits (Jiancheng Institute of Biotechnology, Nanjing, China)

.

. Cholienrgic marker, Synaptic plasticity, Nerve growth factor

Cholinergic marker ChAT, VAChT, Nerve growth factor

NGF, synaptic plasticity GAP-43, SNAP-25 western blot

.

9.

.

16 ICR ( ) 1 . 1 4

200 mg/kg 4

-80 .

. AChE, ChAT,

10 homogenization buffer (12.5mM sodium phosphate buffer pH

7.0, 400 mM NaCl) 1,000 g 10

. AChE acetylcholine iodide Ellman



- 29 -

. thiobarbituric acid reactive substances

(TBARS) . Choline acetylcholine trasferase (ChAT), catalase, SOD,

GSH-Px kits (Jiancheng Institute of Biotechnology, Nanjing, China)

.

. Cholienrgic marker, Synaptic plasticity, Nerve growth factor

cholinergic marker AChE, ChAT Nerve growth factor

NGF, BDNF, synaptic plasticity GAP-43, SNAP-25 western blot

.

10. D-galactose

.

4 Sprague-Dawley ( )

. , D-galactose (80 mg/kg,

s.c.) , + D-gal , + D-gal , +

D-gal . 5 g/kg .

.

.

.

12

. 3500 rpm 15 ,

-80 .

. RNA Microarray analysis

Total RNA Trizol RNA .

RNA UV 260/280nm . Gene

expression Illumina® RatRef-12 BeadChip Arrays (Microgen Inc., Korea) .

. Real time-PCR synaptic plasticity

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' .

.

10 homogenization buffer (12.5mM sodium phosphate

buffer pH 7.0, 400 mM NaCl) 1,000 g 10

. AChE, ChAT, SOD, catalase, GSH-Px, MAO-B, Na
+
, K

+
-adenosine

triphosphate (ATPase) kit . (MDA)

thiobarbituric acid reactive substances (TBARS)

11. Ginsegnoside Rb1

. Ginsenoside Rb1

12 Sprague Dawley rats (270-300g) 98% ginsengoside Rb1 2

mg/kg 30 . scheme .

. Morris water maze test

5 Morris water maze test .

. BrdU protocol

BrdU 2 DNA S-phase

DNA (12).

ginsenoside Rb1

BrdU 2

.

.

4% parafromaldehyde

. 4 12 .

paraffin 9 m .μ

Histostain detection system (Invitrogen CA, USA) .

. BrdU positive cell

BrdU .
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Overview of the experimental design.

12.

SPSS package program (statistical package social

science, version 15.0) (ANOVA) ,

Duncan’ multiple range test p<0.05 .
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3

1.

.

Ginsenoside R1 R2

Ra1 -Oglc(2-1)glc -Oglc(6-1)arap(4-1)x

Ra2 -Oglc(2-1)glc -Oglc(6-1)araf(4-1)xy

Ra3 -Oglc(2-1)glc -Oglc(6-1)glc(3-1)xy

Rb1 -Oglc(2-1)glc -Oglc(6-1)glc

Rb2 -Oglc(2-1)glc -Oglc(6-1)arap

Rb3 -Oglc(2-1)glc -Oglc(2-1)xyl

Rc -Oglc(2-1)glc -Oglc(6-1)araf

Rd -Oglc(2-1)glc -Oglc

20(S)-Rg3 -Oglc(2-1)glc -OH

20(R)-Rg3 -Oglc(2-1)glc -CH3

Rh2 -Oglc(2-1)glc -OH

Rs1 -Oglc(2-1)glc-ac -Oglc(6-1)arap

Rs2 -Oglc(2-1)glc-ac -Oglc(6-1)araf

F2 -Oglc -Oglc

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

-D-xylopyranosyl; Rha, -L-rhamnopyranosyl; Arap, -L-arabinopyranosyl; Araf:α α α

-L-arabinofuranosyl; Ac, acetyl
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Ginsenoside R1 R2 R3 MW

Rg1 -Oglc -Oglc -CH3 801.03

Re -Oglc(2-1)rha -Oglc -CH3 947.17

Rf -Oglc(2-1)glc -OH -CH3 801.03

Rg2 -Oglc(2-1)rha -OH -CH3 785.03

Rh1 -Oglc -OH -CH3 638.89

Notoginsenoside R1 -Oglc(2-1)xyl -Oglc -CH3 933

F1 -OH -Oglc -CH3 638.89

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

Glc, -D-glucopyranosyl; Xyl, -D-xylpyranosyl; Rha, -L-rhamnopyranosyl.β β α

R1O

R2

COOR2

Ginsenoside R1 R2

Rg1 -glc UA(2-1)glc -glc

Figure 1-3. Structures of oleic acid
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.

Ginsenosides

(Panaxadiol)
Effects

Experimental

model
Mechanism

Rb1

CNS effect PC12 Cells

Promoting neurotransmitter release by increasing

the phosphorylation of synapsins through the

PKA pathway

Stressde mice Lowering neurosteroid levels;

Cortical neuron

Attenuating beta AP(25-35)-induced tau protein

hyperphosphorylation by inhibiting the

experssion of GSK-beta;

Nootropic Rat brain
Actions on the cholinergic&neurotrophic

systems

Immunomodulataion Mice
Eliciting a balanced Th1 and Th2 immune

response

Neuroprotective
Hippocampal

neurons
Possibly by scavenging free radicals;

Hepatoprotective Rat liver
Lower TG levels vis cAMP-production in liver

Through its metabolite compound K;

Estrogenic-like activity
Male rats

MCF-7 cells

Increase LH secretion but independent of the

direct estrogen receptor association;

Antipruritic
Scratching

behavior mouse
Vascular permeability-inhibitory;

Anti-ulcer Gastric lesion Increase in mucus secretion;

Improving contact

dermatitis or psoriasis

Mouse ear

dermatitis

Regulation of COX-2 produced by macrophage

cells & interferon-gamma and IL-4 induced by

Th cells

Rg3

Antiapoptotic activity

Human

endothelia

cells

Via Akt-dependent inhibition of the

mitochondrial apoptotic signaling pathway

Antitmor HUVEC

Angiosuppressive activity, inhibits the

proliferation of HUVES, suppresses the capilary

tube formation of HUVEC

Antiinflarmmatory Microglial cells

Inhibits the activation of AP-1 & protein

kinaseA pathway; enhances the macroglial

phagocytosis of Abeta;

Neuroprotective Rats

Against the cerebral ischemia-induced injury,

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 Rh2
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Rg3

Rregulates ion channel Rat brain Stereospeciticity; from the outside

Antinociception
Rat sensory

neurons

Na(+) channel inhibition; interactions with the

S4 voltage-sensor segment of domain ,

Carbohydrate portion of Rg3 plays an important

role; Modulate Ca2+ channel currents;

Relaxation of smooth

muscle

Canine corpus

cavemosum

Increases cyclic nucleotide levels through

phosphodiedsterases inhibition;

Reles vessels
Rats aortic

rings
Through induction of nitric oxide synthase

Rg1 Vascular endothelial

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 pathway;

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;

Re

Antidiabetic Mice Antioxidant and antihyperlipidemic efficacies;

Fertile effect Human sperm
Promotes human sperm capacitation through

NO/cGMP/PKG pathway;

.Electro-physiological Guinea pig

Increases human sperm motility by induction of

nitric oxide synthase;

Inhibition of I(Ca,L) and enhancement of I(Ks);

Activates cardiac potassium channels via a

nogenomic pathway of

sex hormones;

Embryotoxic Rat embryos -

Attenuates

neurotoxicity
PC12 cells -

Against MPTP-

induced apoptosis
Mouse nigra

neurons

Up-regulates the expression of Bcl-2 protein,

down-regulates the

expression of Bax, & iNOS protein, & inhibits

the activation of caspase-3;

angiogenic HUVECs -

Rf
Lipoprotein

metabolism
Mice

Regulates apo A-I and C- mRNA, via

interactions with peroxisome

proliferator-activated receptor alpha

Rg2 CNS effects

Acts specifically on heteromeric human nAChRs

modulating their

desnsitization
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Rg1

CNS effect Rat nigral neurons

Inhibits the mitochondrial apoptotic pathway

and increases the survival change of the

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

Progenitor cells

Inducing proliferation and differentiation of

neural progenitor cells.

Nootropic&

antidementia
SD rats

Influence on neuronal, synaptic plasticity,

neurogenesis; Promoting neurogenesis, regulates

the proliferation of hippocampal progenitor

cells

Mice
Inhibits the activity of AchE but increases that

of ChAT;

Antiapoptosi

& antiaging

Wistant rats
Increases membrane fluidity

Mouse neurons

Enhances Bcl-2 and Bcl-xl expression,

reducing Bax & iNOS expression, and

inhibiting activation of caspase-3

PC12 Suppresses intraellular oxidative stress;

Rat cortical neurons

human cells

Inhibits the activit of JNK and CDK3,

removes ROS

immuno-

modulation
Aged rats

Enhances the proliferation of lymphocytes and

the production of IL-2;

Aged rats

Enhances the expression of IL-2 receptor alpha

chain and inhibits the release of soluble IL-2

receptor; Increaces of cAMP and cGMP

contants, resulting in IL-2 gene expression and

splenocyte proliferation; Enhances CD4(+)

T-cell activity;

Rb2

Anti-cancer
B16-BL6 melanoma

cells

Inhibits lung tumor metastasis & tumor

associated angiogenesis;

Promotion

wound healing
Epidermal cells

Enhances epidermal cell proliferation,

up-regulates the expressions of

proliferation-related factors;

Enhancing the

plasminogen

activator activity

levels

Bovine aortic

endothelial cells
Stimulates the secretion of urokinase-type PA

Rb3 Inhibiting (gly) Hippocampal beurons Possibly as a non-competitive antagonist

Rc

anticancer
MCF-7 human breast

carcinoma cells
Induced c-Fos expression;

CNS effects Rat brain
Modulates NMDA receptor subunit mRNA

levels

Rd Antiaging Mice Attenuates free-radical-induced damage
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. Ginseng polysaccharides

Pharmacological activity Experimental model Mechanism

1. Anti-tumor plumonary macrophage
Induces cytokine production (TNF, INF- , IL-8,γ

IL- , IL-6, etc) (13-15)β

HL-60 cell
Inhibits the proliferation of tumor cell, and

leads to Go/G1 phase block (16)

Melanoma B16 Model Enhances the activities of T lymphocytes (17)

P815 cells in mice
Enhances the activities of T NK cells,

lymphokine activated killer cells

Abdominal cavity (LAK cells)

Splenocyte
Enhances the activities of T NK cells,

lymphokine activated killer cells (18)

2. Immuno-modulation Mice
strengthens the phagotrophy function of

mononuclear macrophage system (19)

Guinea pig
Promotes the formation of antibody and

complement

Mice Increase the weight of immune organs

3. Hypoglycemic effect Mice

Possibly enhances the oxidative phosphorylation

of mitochondria and the activities of succinic

dehydrogenase and cytochrome oxidase (20)

4. Hematopoiesis

regulation

Human umbilical vein endothelial

cell Ecv304

Up-regulates hematopoietic growth factor

secreted by stromal cells inhematopoietic

microenvironment (21)

.

Figure 1-4. Biotransformation pathway of protopanaxatriol type saponins

Glu: -D-glucopyranosyl, Rha: -L-rhamnoseβ α



- 38 -

Figure 1-5. Biotransformation pathway of protopanaxadiol type saponins

Glu: -D-glucose, Ara(p): -L-arabinose (pyranose), Ara(f): -L-arabinose (furanose)β α α
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. Ginsenoside biotransformation

Substrates Products Microbes

Ra1 Rb2 Bifidobacterium breve K-110 (22)

Rb1 Rd Burkholderia pyrocinia GP16, Bacillus megaterium GP27

Sphingomonas echinoides GP50 (23)

C-K

Aspergillus niger KCTC 6906, A.usamii var. shirousamii KCTC 6956,

Bifidobacterium sp. Int57, Bifidobacterium sp. SJ32, Fusobacterum K-60,

Sterptococcu SP, Eubacterium A-44 (24-26)

F2 Bifidobacterium sp. SH5

Rh2
Lactobacillus delbrueckii sp., Delbrueckii KCTC1047, Leuconostoc

paramesenteroides

Rb2 Rd Bifidobacterum breve K-110 (27)

F2 Bifidobacterium sp. SH5

C-K
Aspergillus niger KCTC 6906, A.usamii var. shirousamii KCTC 6956,

Bifidobacterium sp. Int57, Bifidobacterium sp. SJ32, Eubacterium A-44

Rh2 Lactobacillus delbrueckii sp., Delbrueckii KCTC1047

Rc Rd Bifidobacterum breve K-110

C-K
Aspergillus niger KCTC 6906, A.usamii var. shirousamii KCTC 6956,

Bifidobacterium sp. Int57, Bifidobacterium sp. SJ32,

F2 Bifidobacterium sp. SH5

Rh2 Lactobacillus delbrueckii sp., Delbrueckii KCTC1047

Rg3 Rh2 Bacteroides sp., Eubacerium sp., Bifidobacterium sp. (28)

Fusarium proliferatum ECU2042 (29)

Re Rg1 Penicillium sp (30)

F1 Leuconostoc paramesenteroides, Penicillium decumbens

Rg2 A.usamii var. shirousamii KCTC 6956, Aspergillus oryzae

Rh1
Aspergillus niger KCTC 6906, Bifidobacterium sp. Int57, Bifidobacterium

sp. SJ32, Penicillium sp., Penicillium decumbenes (31)

Rg1 F1 Penicillium decumbens

Rh1 Penicillium sp., Aspergillus oryzae

Rg2 Rh1 Penicillium sp., Absidia sp.39

Ppt Penicillium decumbens

Rf Rh1 Penicillium sp., Aspergillus oryzae

Ppt Penicillium decumbens
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2. HPLC

.

4 100 10 , 60

8 . 80 6 8

. , Fig. 2-1

.

4 년근수삼 1차건조 (90%수분) 1차증숙 (100℃,10시간) 2차건조 (60℃, 40~50% 수분함유)

2차증숙 (80℃,6 시간)3차건조 (60℃, 25-30% 수분함유)3-8차증숙 (80℃, 6시간)

4-9차건조 (60℃, 15-20% 수분함유) 9차증숙 (80℃, 6시간) 10차건조 (60℃, 10% 수분함유) 흑삼

4 년근수삼 1차건조 (90%수분) 1차증숙 (100℃,10시간) 2차건조 (60℃, 40~50% 수분함유)

2차증숙 (80℃,6 시간)3차건조 (60℃, 25-30% 수분함유)3-8차증숙 (80℃, 6시간)

4-9차건조 (60℃, 15-20% 수분함유) 9차증숙 (80℃, 6시간) 10차건조 (60℃, 10% 수분함유) 흑삼

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

. Ginsenoside Rg3 HPLC

(1) TLC

1g 분말흑삼 3회추출여액수거 20 ml 증 수로 해

3회추출액수거

80% EtOH추출

Ultrasonication, 
50℃, 1hr

감압농축
하층분

Ethyl ether 20ml

지방층제거

수포화부탄 20ml

분액여두하층분

감압농축
조사포닌 분석시료

80% MeOH

해

0.45um filter
HPLC / TLC

1g 분말흑삼 3회추출여액수거 20 ml 증 수로 해

3회추출액수거

80% EtOH추출

Ultrasonication, 
50℃, 1hr

감압농축
하층분

Ethyl ether 20ml

지방층제거

수포화부탄 20ml

분액여두하층분

감압농축
조사포닌 분석시료

80% MeOH

해

0.45um filter
HPLC / TLC
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TLC

TLC plate

10% plate

.

TLC

4 TLC

2 (BuOH : EtOAC : H2O = 4 : 1 : 5 (upper layer)

(Table 2-1. Fig. 2-2).

Table 2-1. The developing system for TLC analysis

[A] CHCl3 : MeOH : H2O = 65:35:10 lower layer

[B] BuOH : EtOAC : H2O = 4:1:5 upper layer

[C] CHCl3 : MeOH : BuOH : H2O = 13:10:10:8 lower layer

[D] CHCl3 : MeOH : EtOAC : H2O =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.
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(2) Ginsenoside Rg3

HPLC system ,

Table 2-2 Acetonitrile

gradient system . 15 uL,

1 mL/min . 11 system ,

(Retention time) Rg1 18.61 , Re 19.95 , Rf 47.13 , Rb1 49.02 , Rg2 49.71

, Rc 50.41 , Rb2 51.50 , Rb3 50.12 , Rd 53.78 , 20(S)-Rg3 66.13 , 20(R)-Rg3 66.45

(Fig. 2-3). HPLC

calibration curve, overall intra-, interday variation accuray

Table 2-3~5 .

Table 2-2. HPLC condition

HPLC Agilent 110 (Palo Alto, CA, USA)

Column Discovery C18 column (5 m, 250 × 4.6 mm)μ

Detection wavelength(UV) 203 nm

Flow rate 1 mL/min

Mobile phase Water (A), Acetonitrile(B)

Injection volume 15 uL

Gradient elution system : B(%) 0-30 min 20%, 30-60 min 20-45%, 60-70 min 45-62%

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

(min)
Calibration curve

a) Correlation

coefficient(r²)

Test range

(mg/mL)

LOD
b)

( /ML)

Rg1 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 3.2

Rc 50.41 y=3573.0x+15.459 0.9997 0.050-1.000 2.9

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 2.4

Rd 53.78 y=3253.4x+15.892 0.9998 0.050-1.000 3.9

20(S)-Rg3 66.13 y=2494.4x-11.716 0.9996 0.050-0.500 2.2

20(R)-Rg3 66.45 y=2598.7x-19.356 0.9997 0.050-0.500 2.9

a)y=peak area; x=concentration (mg/ml);; b)LOD=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

Analytes

Intra-day (n=3) Inter-day (n=5)

Content (mg/g) R.S.D.
1)
(%) Content (mg/g) R.S.D.(%)

Rg1 1.68±0.08 2.62 1.57±0.05 2.32

Re 0.66±0.02 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 1.21

Rc 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 ND2) ND ND ND

Rd 0.48±0.02 0.72 0.47±0.06 1.69

20(S)-Rg3 2.84±0.18 2.44 2.80±0.12 1.73

20(R)-Rg3 2.20±0.09 1.87 2.12±0.05 1.21

1)R.S.D.(%)=100×S.D./mean: 2)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
a)
(%) R.S.D. (%)

Rg1 1.66
3.00 4.54 96.0 2.18

1.50 3.20 102.7 1.67

Re 0.69
1.00 1.66 97.0 1.23

0.50 1.20 102.0 0.75

Rf 0.47
1.40 1.90 102.1 3.16

0.70 1.19 102.9 1.37

Rb 2.64
5.00 7.52 97.6 2.36

2.50 5.22 103.2 1.43

Rg 0.53
1.50 1.96 95.3 1.67

1.75 1.32 105.3 1.16

Rc 1.57
2.00 3.64 103.5 1.75

1.00 2.59 102.0 2.16

Rb 0.52
1.20 1.74 101.7 2.73

0.60 1.15 105.0 1.25

Rb ND
0.40 0.41 102.5 0.96

0.20 0.20 100 0.83

Rd 0.49
1.40 1.93 102.9 0.88

0.70 1.17 97.1 0.75

20(S)-Rg3 2.84
5.00 7.90 101.2 2.48

2.50 5.32 99.2 0.79

20(R)-Rg3 2.15
3.00 5.17 100.7 0.61

1.50 3.69 102.7 0.84

a)Recovery(%)=100×(amount found-original amount)/amount spkied; R.S.D.(%)=100×S.D./mean.
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.

HPCL

Fig. 2-4 2-5 . ginsenoside Rg3 (S),

(R) form . 2

, peak 9, 10 ginsenoside Rg3(S), (R)

. 3 , 6 , 9 1, 2 peak Rg1, Re ,

3-8 peak . 9, 10 ginsenoside Rg3(S), (R) peak

(Table 2-6).

malonyl ginsenoside (m-Rb1, m-Rb2, m-Rb3, m-Rc, m-Rd) malnoyl Rb1, Rb2,

Rb3, Rc, Rd PPD , C-20

, C-20 OH ginsenoside Rg3

(32).
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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, Rg1; 2,Re; 3, Rf; 4,

Rb1; 5, Rg2; 6, Rc; 7, Rb2; 8, Rb3; 9, Rd; 10-11, 20(S)-, 20(R)-Rg3

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

(mg/g)
WG

a)
S WGb) S WGc) S6WG

d)
S9WG

e)

Rg1 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
2)

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 1.22±0.07 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±

Rg ND 0.12±0.02 0.54±0.05 1.29±0.03 6.44±0.08

PPD3) 7.02±0.14 14.55±0.15 12.06±0.12 10.09±0.09 11.64±0.19

PPT4) 3.36±0.12 5.10±0.08 4.30±0.09 4.22±0.11 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

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

b),c),d),e) S WG, S WG, S6WG, and S9WG : white ginsengs were steamed 2, 3, 6, and 9times according to

the traditional method of making blacking ginseng, respectively;

1)All values were expressed as the means ± S.D. (n=3)

2)ND, Not detected;

3)PPD: Protopanaxdiol type saponins: Pb1+Rc+Rb2+Rd+Rg3
4)PPT: protopanaxtriol type saponins: Rg1+Re+Rf+Rg .
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. ginsenoside Rg3

ginsenoside Rg3 Fig. 2-6 .

2 ginsenoside Rg3 0.12 mg/g ,

, ginsenoside Rg3 6.44 mg/g

50 .

Figure 2-6. Change of ginsenoside Rg3 contents in a traditional way for preparing BG

3.

.

(1)

4 80 15 60 24 ,

, 24 60 24 .

(Fig. 2-7)

(2)

C-20

, ,

HPLC .

Fig. 2-8, 2-9 .

4 15.10±0.12 mg/g ,

14.43±0.17 mg/g, 16.16±0.14 mg/g,

16.70±0.21 mg/g

(Table 2-7).
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A. B. Apple juice C. Grape juice D. Pineapple juice

Figure 2-7. Black ginseng produced by soaking into several fruit juices

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

(mg/g)
S4WG

S4WG

(apple juice)

S4WG

(pineapple juice)

S4WG

(grape juice)

Rg1 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

Rg 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: Pb1+Rc+Rb2+Rd+Rg3

PPT: protopanaxtriol type saponins: Rg1+Re+Rf+Rg

Figure 2-9. Comparison of ginsenosides with different fruit juices
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(3) ginsenoside Rg3

TLC (Fig. 2-10),

Rg3 0.89±0.02 mg/g 4

Rg3 0.59±0.04 mg/g .

Rg3

.

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

WG.

.

(1)

3 ~6 80 , 100 , 120 (Fig.

2-11). TLC , 100 , 120 Rg3

(Fig. 2-12~14, Table 2-8).

A. Control (80 ) B. 80 C. 100 D. 120

Figure 2-11. Black ginseng soaked into grape juice steamed at different steaming temperature
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Figure 2-12. TLC analysis of ginsenosides extracted from 3 times steaming ginseng treated firstly

with grape juice. (steaming time: 1 h)

Figure 2-13. HPLC-UV chromatograms of ginsenosides extracted from the ginsengs steamed at

different temperature 3 times after soaking in grape juice. A 80 , B 100 , C 120 .
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Table 2-8. The amounts of ginsenosides in 3 times steamed ginseng at different temperature

after soaking into grape juice

Compound

(mg/g)
S WG (80 )₃ ℃ 　　 S WG (100 )₃ ℃ S WG (120 )₃ ℃

Rg1 1.86±0.03 1.72±0.03 1.26±0.03

Re 0.92±0.01 0.78±0.01 0.65±0.01

Rf 0.74±0.03 0.63±0.03 0.85±0.06

Rb₁ 2.94±0.12 2.68±0.02 2.43±0.02

Rg₂ 0.53±0.03 0.69±0.02 0.82±0.02

Rc 2.48±0.03 2.12±0.09 1.98±0.03

Rb₂ 1.32±0.04 1.16±0.07 0.87±0.06

Rb₃ 0.34±0.01 0.37±0.03 0.26±0.02

Rd 0.48±0.03 0.62±0.06 0.58±0.05

Rg₃ 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 4.05±0.06 3.82±0.08 3.58±0.11

Total 12.23±0.12 12.05±0.13 12.24±0.16

PPD: Protopanaxdiol type saponins: Pb1+Rc+Rb2+Rd+Rg3

PPT: protopanaxtriol type saponins: Rg1+Re+Rf+Rg

Figure 2-14. Comparison of ginsenosides
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(2) 120

120 15 , 30 , 45 , 1 , 4

(Fig. 2-15).

. TLC Rg3

(Fig. 2-16). 120 Table 2-9

. Rg1, Rf, Rb1, Rg2 , Re,

Rc, Rb3, Rd 60 (Fig. 2-17). Rg3 0.44±0.02

mg/g, 30 2.00±0.08 mg/g, 45 2.14±0.07 mg/g, 60 2.54±0.12

mg/g Rg3 (Fig. 2-18).

Figure 2-15. The morphological changes of ginsengs steamed at 120 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
o
C in various times (15, 30, 45, and 60 min). Before steaming each time, ginsengs were

soaked in grape juice for 24 h.

Figure 2-17. HPLC-UV chromatograms of total ginsenosides extracted from ginseng steamed 2 times

at 120 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

Compound

(mg/g)
S WG (15min)

S WG

(30min)

S WG

(45min)

S WG

(60min)

Rg1 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 2.54±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

Figure 2-18. Effects of different steaming time on Rg3 content.



- 59 -

(3) (120 , 60 min)

4

Table 2-10 Fig. 2-19,20

. 120 60 3 Rg3

.

Figure 2-19. HPLC-UV chromatograms of total ginsenosides extracted from ginseng steamed 2 times

at 120 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 for 60 min (different

steaming numbers)

Compound

(mg/g)
S WG (60min)

S WG

(60min)

S WG

(60min)

S WG

(60min)

Rg1 0.86±0.03 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 0.31±0.03

Rb 2.57±0.12 0.32±0.03 0.69±0.02 -

Rg 0.96±0.07 0.58±0.02 0.74±0.03 0.47±0.01

Rc 1.53±0.03 - - -

Rb 0.65±0.09 0.46±0.03 0.68±0.04 0.34±0.02

Rb 0.27±0.02 - - -

Rd 0.54±0.07 - - -

Rg 0.89±0.07 2.54±0.12 6.56±0.17 5.65±0.14

PPD 6.45±0.14 3.32±0.07 7.93±0.09 6.46±0.07

PPT 3.51±0.10 1.72±0.09 1.66±0.05 1.27±0.06

Total 9.96±0.14 5.07±0.07 9.59±0.18 7.73±0.09

Figure 2-20. Effects of different steaming numbers on Rg3 content (120 , 60 min).
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. (121 , 15min)

(1) NaHCO3

NaHCO3 121 15

(Fig. 2-21). TLC , 1%

Rg3 (Fig. 2-22). Table 2-11 1% NaHCO3

.

, Rg3 .

Figure 2-21. The outside and insider morphological changes of ginsengs soaked in various different

concentration NaHCO3 aqueous solution and steamed at 120 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 120 for 15 min after soaked in

1% NaHCO3 for 24h

120 , 15min Rg1 Re Rf Rh1 Rb1 Rg2 Rc Rb2 Rd Rg3(S)

1st steamed 1.408 0.734 1.242 0.114 2.764 0.101 2.173 1.693 0.835 0.0536

4th steamed 0.095 0.294 1.016 0.028 0.817 0.825 0.257 0.470 0.176 0.399

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

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

concentration of NaHCO3 for 24h. A, 1%; B, 2%, C, 4%.

(2) 0.4% Citric acid

.

(Fig. 2-23), Table 2-12

, Rg3 .

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

citric acid mixed solution

mg/mL Rg1 Re Rf Rh1 Rb1 Rg2 Rc Rb2 Rd Rg3(S) Rg3(R)

2nd steamed 0.388 0.231 0.452 0.067 1.121 0.692 0.891 0.297 0.209 1.367

3rd steamed 0.397 0.198 0.569 0.094 1.227 0.653 0.768 0.226 0.213 0.698 2.095
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2 times steamed (121 , 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.

.

. ,

Bezopyrene (Fig. 2-24).

Figure 2-24. GC-MS chromatograms of PAHs standards.
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3. Cholinesterase

. , ,

(BG )

(WG), (RG), (BG )

. Fig. 3-1

Table 3-1 . ,

peak 60 peak , peak

. , Rg1, Re, Rb1, Rb3, Rc, Rd

. Rg3

.

Figure 3-1. HPLC-UV chromatograms of ginsenosides in Korean WG (A), RG (B), BG I (C), and

BG II (D). Peaks: 1, Rg1;2,Re;3,Rh1;4,Rb1;5,Rc;6,Rb2;7,Rd;8,Rg3(R);9,Rg3(S).



- 65 -

Table 3-1. Comparison of ginsenosides content in Korean WG, RG, and BG (I), (II)

Ginsenoside

(mg/g)
WG RG BG I2) BG II3)

Rg1 2.54±0.17 2.31±0.04 0.71±0.09 0.41±0.05

Re 2.02±0.26 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

Rg2 0.12±0.02
c

0.68±0.01
a

0.53±0.06
b

0.16±0.02
c

Rb1 2.03±0.13
b

2.60±0.20
a

1.43±0.11
c

1.37±0.02
c

Rc 1.81±0.11b 2.34±0.10a 1.24±0.13c 1.00±0.04d

Rb2 1.14±0.07
b

1.45±0.06
a

1.20±0.11
b

0.32±0.05
c

Rb3 0.39±0.07a 0.47±0.02a 0.37±0.08a 0.01±0.00b

Rd 0.40±0.01c 0.68±0.02a 0.53±0.06b 0.30±0.04c

Rg3(S) ND 0.47±0.01c 4.43±0.32b 6.73±0.16a

Rg3(R) ND 0.15±0.02c 1.69±0.13b 4.18±0.25a

PPD4) 5.77±0.39d 8.16±0.25c 10.89±0.94b 13.91±0.56a

PPT5) 5.00±0.47a 4.64±0.10b 1.90±0.21c 1.06±0.12d

Total 10.47±0.86c 12.80±0.35b 12.79±1.15b 14.97±0.68a

1) 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.

2) 9 times steaming at 98°C for 3 hr

3) 3 times steaming at 120°C for 30 min after soaking into grape juice for 24 h

4) PPD (protopanaxadiol type ginsenosides): Rb1+Rc+Rb2+Rb3+Rd+Rg3
5) PPT (protopanaxatriol type ginsenosides): Rg1+Rg2+Re+Rf
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.

(1)

(33). Fig. 3-2 .

34.12±0.16 mg/g , 20.40±0.9

mg/g, 11.40±0.30 mg/g .

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).
***p<0.001.

(2) DPPH Xanthine oxidase (XO)

DPPH .

DPPH , , (Fig.

3-3). 5 mg/mL 86% ,

55.15%, 40.42% . DPPH IC50 2.28 mg/mL,

7.48 mg/mL, 4.12 mg/mL (Table 3-2). XO

, . XO IC50 11.20

mg/mL, 5.89 mg/mL, 2.41 mg/mL (Fig. 3-3, Table 3-2).

Table 3-2. IC50 values of ginseng extracts on the antioxidant activity

IC50 (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 inhibitory activities of ginseng

extracts at different concentrations. Each value represent means ± SD (n=3).

. Cholinesterase

AChE 0.5, 2, 4, 6, 8 mg/mL 5.67%, 64.98%, 84.28%

95.47% (Fig. 3-4). IC50 5.89 mg/mL, 6.30 mg/mL,

1.84 mg/mL , tacrine (THA) 824.7 nM .

, BuChE . BuChE IC50

2.56 mg/mL, 1.84 mg/mL, 1.88 mg/mL (Table 3-3).

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).



- 68 -

Table 3-3. IC50 values of the ginseng extracts on AChE and BuChE

Ginseng extracts
IC50 (mg/mL)

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.

4. ,

.

. 4 24 120 30

60 18 3 . 80%

1 3 .

Cholinesterase .

. ( )

Panax ginseng (WPG) Rg1, Re, Rf, Rb1, Rc, Rb2, Rd

7 . , (Panax quinquefolium, WPQ) Rf

. (Panax notoginseng, WPN) Rf, Rc, Rb2

.

Rf 0.1% (w/w) .

Rb2 0.25% , .

Rg1 34.6 mg/g , 4.78 mg/g, 3.13 mg/g

. Rb1 1.1%

. Fig. 4-1 Table 4-1

.



- 69 -

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

Rg1 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 - -

Rb1 6.80±1.23 22.24±1.57 28.93±1.04

Rc 6.70±0.14 3.35±0.29 -

Rb2 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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.

9 (BPG) 21.54 mg/g,

(BPQ) 21.84 mg/g, (BPN) 38.33 mg/g

. Ginsenoside Rg3 (BPN) 19.17 mg/g ,

(BPQ) 14.25 mg/g, (BPG) 11.84 mg/g (Fig. 4-2, Table

4-2).

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

(BPG), 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

Rg1 - - 2.61±0.05

Re - - 1.02±0.01

Rf 0.82±0.02 - -

Rb1 4.88±0.14 2.07±0.30 3.48±0.17

Rc 1.72±0.62 3.65±0.20 4.51±1.02

Rb2 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

Rg3(S) 6.73±0.48 7.22±0.62 10.64±0.02

Rg3(R) 5.11±0.62 7.03±0.5 8.53±0.03

Total 21.54±2.26 21.84±1.76 38.32±3.51

Values were expressed as means ± SD (n=3). BPG; black panaxginseng, BPQ: black panax quinquefolium,

BPN: black panax notoginseng.
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. ( , )

(1)

20.4 mg/g , (17.12

mg/g), (14.45 mg/g) .

3 . 34.3, 44.15,

34.05 mg/g , (Fig. 4-3).

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

5 mg/mL 55.4%, 86.8%

(Fig. 4-4). ( ) 33.02%

(65.2%), ( ) 29.3% (53.31%) .

, 1.5 , 1.9 . DPPH IC50

Table 4-3 .

(3) Xanthine oxidase (XO)

XO 2 .

, , . Table 4-3

XO IC50 2.3, 3.56, 1.53 mg/mL (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).

Figure 4-5. XO inhibitory activities of the WG and BG products. PG: panax ginseng, PQ; panax

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

Table 4-3. IC50 values of WG and BG products on the antioxidant activity

Ginseng/Reference
IC50(mg/mL)

DPPH XO

WG

PG 4.30 11.20

PQ 11.53 12.09

PN 13.76 13.88

BG

PG 2.11 2.30

PQ 3.53 3.56

PN 5.20 1.53

ASA 0.11 0.48
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. Cholinesterase

(1) AChE

AChE 10 mg/mL 73.46%, 37.84%,

33.76% (Fig. 4-6).

AChE . AChE IC50 2.64

mg/mL, 8.56 mg/mL, 7.50 mg/mL . AChE

(Table 4-4).

(2) BuChE

BuChE AChE . BuChE

(Fig. 4-7). BuChE IC50

, , 1.88, 1.07, 0.71 mg/mL (Table 4-4).

Table 4-4. IC50 values of WG and BG products on AChE and BuChE

Ginseng extracts
IC50 (mg/mL)

AChE BChE

WG

WPG 5.37 1.84

WPQ 15.01 4.63

WPN 13.68 1.19

BG

BPG 2.64 1.88

BPQ 8.56 1.07

BPN 7.50 0.71

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

2)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).

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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. AChE

8 , ICR 200 mg/kg

24 AChE .

AChE 100 AChE

Fig. 4-8 . AChE ,

. AChE

1 95%, 6 93%, 24 83%

(Fig. 4-8).

Figure 4-8. Inhibitory effect of a single administration of ginseng extract on AChE activity in

mouse whole brain.

5.

.

7 SD rat

5, 10, 15 g/kg B.W. 5 rat .

2 ,

, .

(Table 5-1, 2). , (LD50) 15 g/kg

.
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Table 5-1. Body weights and food intakes of rats in acute toxicity of BGE

Parameters Control
BGE (g/kg)

5 10 15

Initial weight (g) 215.2 ± 10.7 220.0 ± 13.2 218.6 ± 7.6 214.5 ± 11.7

Final weight
(g)

292.0 ± 12.1 287.4 ± 10.6 303.5 ± 6.7 293.0 ± 5.3

Food intake
(g/day)

25.3 ± 1.3 23.4 ± 1.8 24.8 ± 2.2 25.5 ± 2.4

FER
(%)

21.7 ± 6.4 20.2 ± 7.1 24.5 ± 3.6 22.0 ± 4.8

1)Values are expressed as means ± S.D. (n=5).

2)FER : food efficiency ratio (body weight gain/food intake 100)

Table 5-2. Internal organs weight of rats in acute toxicity of BGE

Parameters Control
BGE (g/kg)

5 10 15

Liver 3.13 ± 0.15 2.91 ± 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 0.43 ± 0.12 0.41 ± 0.07 0.39 ± 0.05 0.38 ± 0.07

Spleen 0.26 ± 0.02 0.25 ± 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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.

2 24 EDTA CBC tube

, , , Hb

.

(Table 5-3).

Table 5-3. Effect of BGE on haematological values

Parameters Unit Control

BGE (g/kg)

5 10 15

RBC 10
6
/ Lμ 7.7 ± 0.28 8.1 ± 0.40 8.7 ± 0.13 9.06 ± 0.35

WBC 103/ Lμ 10.5 ± 4.55 7.3 ± 1.88 7.2 ± 1.03 8.11 ± 0.69

HCT % 53.4 ± 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 103/ Lμ 1226 ± 68 1034 ± 107 995 ± 25 945 ± 116

Monocyte % 2.3 ± 0.71 3.9 ± 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 85.4 ± 2.26 87.5 ± 1.56 87.3 ± 1.13

1)
Values are expressed as means ± S.D.(n=5).

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

MCV: mean corpuscular volume.
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.

2 24

. BUN, Glucose, Cholesterol, Bilirubin, ALP,

AST, ALT, LDH, Na, K, Cl, .

(Table 5-4).

Table 5-4. Blood chemistry values of rats in acute toxicity of BGE

Parameters Unit Control

BGE (g/kg)

5 10 15

ALP U/L 310 ± 30.4 290 ± 24.5 283 ± 25.4 291 ± 21.3

AST U/L 92.7 ± 4.2 96.5 ± 3.7 89.4 ± 9.5 94.2 ± 12.7

ALT U/L 43.2 ± 2.5 41.5 ± 4.9 44.5 ± 4.9 49.0 ± 7.0

LDH U/L 477.5 ± 57.6 470.5 ± 46.1 477.5 ± 58.7 489.0 ± 50.4

Creatinine mg/dL 0.6 ± 0.2 0.7 ± 0.2 0.65 ± 0.1 0.60 ± 0.1

BUN mg/dL 14.5 ± 2.3 15.3 ± 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 55.7 ± 8.6

Glucose mg/dL 198.4 ± 12.5 162.0 ± 15.7 230.5 ± 10.6 213.5 ± 25.4

Bilirubin mg/dL 0.1 ± 0.01 0.1 ± 0.01 0.1 ± 0.01 0.1 ± 0.01

Protein g/dL 5.32 ± 0.1 5.35 ± 0.2 5.32 ± 0.2 5.30 ± 0.2

Na mmol/L 142.5 ± 8.6 139.5 ± 12.2 144.5 ± 10.4 146.7 ± 14.2

K mmol/L 5.5 ± 0.3 5.6 ± 0.3 6.8 ± 0.6* 7.1 ± 0.5*

Cl mmol/L 103.4 ± 10.7 102.5 ± 8.2 104.7 ± 7.3 107.0 ± 10.6

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

2)ALP: alkaline phophatase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN : blood urea

nitrogen; LDH: lactate dehydrogenase.
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.

2 2 24

urine 5000rpm 10 .

(Table 5-5).

Table 5-5. Urinary analysis of rats in acute toxicity of BGE

Parameters
Black ginseng extract

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

.

(5, 10, 15 g/kg) (15 g/kg B.W.) ,

HE staining

(Fig. 5-1).

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

hematoxyline-eoxin (H&E) staining (× 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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6. Scopolamine

.

70% , , 9 HPLC

. Fig. 6-1 . 9

(WGE) 49.59 mg/g, (RGE) 38.52 mg/g,

(BGE) 20.65 mg/g . Ginsenoside Rg3

, 1.4 mg/g, 12.8 mg 9

62% (Table 6-1).

Figure 6-1. HPLC-UV chromatograms of ginsenosides in Korean ginseng extracts. White ginseng

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)
1)

WGE RGE BGE

Rg1 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

Rb1 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

Rb2 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

Rg3(S) ND 0.66±0.02 4.30±0.01

Rg3(R) ND 0.74±0.04 3.50±0.02

Total 49.59±0.54 38.52±0.66 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

. Passive avoidane test -

scopolamine (SCOP)

(Fig.

6-2). SCOP step-through latency

(p<0.01, 34), 50 mg/kg 500 mg/kg

SCOP . 100 mg/kg, 200

mg/kg 77.8%, 87.9% . ,

200 mg/kg ,

.

. Passive avoidance test

, , 200 mg/kg

Fig. 6-3 . SCOP step-through latency 17.48±7.5

sec 252.00±106.03 sec

(p<0.001, Fig. 6-2). tacrine (THA) SCOP

step-through latency (p<0.05).

SCOP step-through latency , THA

(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. **p<0.01 versus SCOPgroup,## p < 0.01 versus control group.

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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. Morris water maze ( )

SCOP

. SCOP escape latency

(Fig.

6-4A). THA 3

, 4 escape latency SCOP

. 5 platform probe test

escape latency , 4

. , SCOP escape latency

(p<0.001).

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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. Y-maze

working memory Y-maze test

spontaneous alternation) Fig. 6-5 . SCOP

(p<0.05). SCOP

spontaneous alternation ,

THA .

.

(35, 36).

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 8-min period were measured.
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. acetylcholinesterase (AChE), choline acetycholinesterase (ChAT)

SCOP cholinergic receptor

(37).

SCOP AChE 9.04±1.03 U/mg protein

(p<0.05), AChE inhibitor THA 7.72±0.38 U/mg protein SCOP

AChE 20% (Table 6-2). , 45%, 40%

AChE (p<0.001).

. acetylcholine

ChAT SCOP (38).

1.96±0.13 U/mg protein, 2.02±0.18 U/mg protein

(p<0.05). ACh AChE

ACh ACh , AChE

ACh ACh

. AChE ChAT

ACh SCOP

(39).

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

SCOP treatment

Groups
AChE ChAT

U/mg protein

Control 8.78±1.04ab 1.75±0.13b

SCOP 9.04±1.03a 1.70±0.03b

THA 7.72±0.38b 1.76±0.08b

WGE 5.18±0.85c 1.77±0.13a

RGE 5.69±0.85c 1.96±0.13a

BGE 8.63±0.48ab 2.02±0.18a

1)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.
2)Values are expressed as means ± SD (n=10).
3)Values with different superscripts within the same row are significantly different at p < 0.05.
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.

,

Table 6-3 . SCOP

MDA 11.96±2.31 nmole/mg protein 160% (p<0.001).

THA .

SCOP (TAOC) (p<0.05),

, SCOP .

superoxide free radical SOD SCOP

(40). Hydrogen peroxide catalase SCOP (41),

catalase ,

.

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

Groups

SOD CAT TAOC MDA

(Unit/mg protein)
nmole/mg

protein

Control 65.49±4.15b2) 2.09±0.99a 9.86±2.00ab 7.44±1.27b

SCOP 88.23±10.95a 1.34±0.29b 6.93±0.95c 11.96±2.31a

THA 64.35±9.30b 1.32±0.21b 9.04±0.89ab 7.96±0.41b

WGE 64.86±9.27b 1.63±0.23ab 8.20±1.13bc 8.35±0.91b

RGE 71.38±16.19b 1.80±0.35ab 8.43±0.99bc 7.71±2.20b

BGE 69.39±11.66b 2.10±0.32a 10.55±1.33a 8.04±0.90b

1)
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.

2)
Values are expressed as means ± SD (n=3).

3)
Values with different superscripts within the same row are significantly different at p < 0.05.
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. Cholinergic marker -Western blot assay

Cholinergic marker ChAT AChE western bolt

(Fig. 6-6). ChAT

. ChAT positive control THA

. , ChAT

. SCOP ChAT 76.1% .

SCOP AChE (42, 43),

AChE 117.9%, 143.2%

. SCOP AChE ,

51.8%, 82.3%, 79.5% .

AChE 66.8%, 61.3%, 52.1%

. AChE AChE inhibitor THA

.

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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. Cholinergic marker ; RT-PCR

cholinergic marker ChAT AChE mRNA

(Fig. 6-7). ChAT mRNA (72.7%) (78.2%)

. , THA ChAT mRNA .

, ChAT mRNA 91.2%, 88.35%

. ChAT mRNA SCOP mRNA

. AChE mRNA SCOP 40.6%

, . AChE mRNA AChE inhibitor

THA .

, AChE mRNA , ChAT

mRNA SCOP

.

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<0.001compared with SCOP group.
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7.

.

, , 1%, 3% 8

. , 3%

. ,

. 1%

. 3% . High

dose , lean body mass

(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±5.0ab 32.2±2.1ab 12.2±1.2ab 4.3±0.7ab 3.8±0.4b 8.8±0.7b

HWG 58.2±1.7a 31.3±3.4abc 10.6±0.6c 3.6±0.5b 3.6±0.4b 8.6±0.6b

HRG 50.5±5.2b 33.0±1.2a 13.3±0.1a 4.5±0.3a 4.5±0.7a 10.4±1.6a

HBG 56.0±3.8ab 29.6±0.7bc 11.02±0.4bc 4.3±0.4ab 0.8±0.2b 8.9±0.9b

LWG 54.0±5.6ab 29.0±2.2c 10.34±0.7c 4.4±0.7ab 4.0±0.6ab 9.4±0.8ab

LRG 55.4±4.5ab 30.7±2.2abc 10.22±1.0c 4.3±0.4ab 3.8±0.2b 9.10±1.0ab

LBG 52.9±4.5ab 31.9±1.7abc 11.38±1.65bc 4.5±0.6ab 3.9±0.3ab 9.3±1.0ab

1)Values are expressed as means ± SD (n=5).

2)HWG, HRG, HBG : 3% WGE, RGE, BGE diet

3)LWG, LRG, LBG : 1% WGE, RGE, BGE diet

4)Values with different superscripts within the same row are significantly different at p< 0.05.
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.

Cholesterol, TG, HDL-cholesterol, Glucose (Table 7-2). 1%

cholesterol . 3%

HDL-cholesterol 30.9% . 1%

HDL-cholesterol .

. 3% , 3% , 1%

15.6%, 41.2%, 20.8%

(47-49).

Table 7-2. Cholesterol, HDL-cholesterol, TG, and glucose after 8 months ginseng extracts treatment

in aged mice

Group

TC HDL-C TG Glucose

mg/dL

Control 129.3±39.3a 48.5±3.8b 108.5±22.0a 157.25±22.6ab

HWG 116.9±10.9ab 56.2±3.7ab 89.0±16.3bc 182.5±8.4a

HRG 106.8±6.9ab 54.6±4.9ab 75.4±11.8c 132.6±20.6bc

HBG 127.9±22.4ab 63.5±11.2a 82.4±14.6c 92.43±9.9d

LWG 122.7±8.0ab 56.2±6.2ab 97.2±12.0bc 168.78±18.6a

LRG 101.8±14.6ab 52.2±6.1ab 85.9±7.3bc 124.5±13.7c

LBG 95.0±21.4b 48.3±6.0b 107.5±17.2ab 165.3±18.18a

1) Values are expressed as means ± SD (n=5).

2) HWG, HRG, HBG : 3% WGE, RGE, BGE diet

3) LWG, LRG, LBG : 1% WGE, RGE, BGE diet

4) Values with different superscripts within the same row are significantly different at p < 0.05.
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. acetylcholinesterase, choline acetyltransferase

8 1%, 3% , , ,

AChE (Table 7-3). ChAT

3% 20% .

, AChE ChAT cholinergic

system

(50, 51).

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

treatment in aged mice

Group

AChE ChAT

U/mg protein

Control 4.77±0.98a 6.43±0.19b

HWG 3.44±0.79b 6.60±0.74b

HRG 2.92±1.12b 6.32±0.56b

HBG 2.36±0.77b 7.69±0.39a

LWG 3.04±1.23b 6.05±0.34b

LRG 2.81±0.69b 6.11±0.83b

LBG 2.22±0.55b 6.84±0.56b

1)Values are expressed as means ± SD (n=5).

2)HWG, HRG, HBG : 3% WGE, RGE, BGE diet

3)LWG, LRG, LBG : 1% WGE, RGE, BGE diet

4)Values with different superscripts within the same row are significantly different at p< 0.05.
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.

SOD, Glutathione reductase (GR) (Table 7-4).

3.33±0.23 nmole/mg protein .

,

. SOD GR , SOD

3% , GR 3% , , 1% .

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

Group

MDA SOD GR

nmole/mg protein Unit/mg protein

Control 3.33±0.23 45.43±11.16b 11.50±2.57c

HWG 3.21±0.45 56.06±4.95a 19.60±4.19a

HRG 3.06±0.46 47.71±5.45b 18.57±4.45a

HBG 3.11±0.32 55.04±5.59b 15.25±2.34c

LWG 2.93±0.26 44.80±2.99b 13.25±2.04c

LRG 2.98±0.24 49.32±5.24b 17.19±3.21b

LBG 2.70±0.35 50.37±10.96b 13.67±1.54c

1) Values are expressed as means ± SD (n=5).

2)HWG, HRG, HBG : 3% WGE, RGE, BGE diet

3)LWG, LRG, LBG : 1% WGE, RGE, BGE diet

4)Values with different superscripts within the same row are significantly different at p< 0.05.
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. Cholinergic marker protein

Fig. 7-1 3% 8 cholinergic

marker acetylcholine

acetylcholine vesicular acetylcholine transferase (VAChT)

western blot . VAChT

, 177%, 170%, 252% . VAChT

123%, 114%, 174% . VAChT ChAT

, , 117%, 140%, 217% . ,

VAChT ChAT 2

.

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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. GAP-43, SNAP-25, NGF

Synaptic marker GAP-43 SNAP-25 Neurophins NGF

(Table 7-2). GAP-43 3%

. SNAP-25

. 137%, 139% .

Neurotrophin NGF cholinergic cell ,

ChAT acetylcholine

. NGF 122%, 110%, 133% .

, , neurotrphin

cholinergic system memory (52-54).

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.



- 96 -

8.

.

18 ICR 200 mg/kg 16

(Fig.

8-1). latency time 38.89±15.25 sec ,

74.25±19.02 sec, 65.93±8.66 sec ,

.

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.

. Comet assay lymphocyte DNA damage `

Lymphocyte DNA 100 cell tail ratio, tail moment, tail

length (Fig. 8-2, Table 8-1). Olive tail moment 5.48±1.27

, 16 , 2.71±0.30, 2.76±0.85

DNA

(55-57).
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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 ( m)μ

Control 10.85±1.07
a

5.48±1.27
a

16.56±2.52
a

RGE 7.02±0.73
b

2.71±0.30
b

11.35±1.54
b

BGE 6.01±0.91
b

2.76±0.85
b

9.70±1.20
b

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

2) Values with different superscripts within the same row are significantly different at p< 0.05.

Figure 8-2. Representative image of fluorescent microscopic and comet parameters.

. Cholinergic protein

(1) AChE, ChAT

cholinergic system

cholinergic marker AChE ChAT (Fig. 8-3).
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cholinergic system , AChE

ChAT (58, 59). AChE 1.76±0.46 U/mg

protein, 2.02±0.58 U/mg protein, 1.82±0.45 U/mg protein

AChE . ChAT

, .

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.

(2) Cholinergic protein-AChE, ChAT, VAChT

Western blot cholinergic protein

. acetylcholine (ChAT), (VAChT), (AChE)

Fig. 8-4 . AChE

142.2%, 154.3% . ChAT VAChT ,

. ChAT 162.1%,

157.4% , VAChT 138.9%, 120.4% .

Figure 8-4. Western blot analysis of AChE, ChAT and VAChT 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

Figure 8-6. Western blot analysis of GAP-43 and SNAP-25 protein in the hippocampus of aged

mice.
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9. D-galactose

. Morris water maze test

D-galactose 80 mg/kg 8 ,

, , 300 mg/kg . 8 5

(Fig. 9-1-A). D-galactose escape latency

time 4 ,

. 5 platform

platform 7 , D-gal 3.2 ,

5.8 , 7.2 , 6.8 platform

(Fig. 9-1-B). , platform

4 (Fig.

9-1-C).

.

(1)

biomarker

. D-galactose

(Fig. 9-2). ,

. ,

.

(2)

Reactive oxygen species (ROS)

.

SOD (superoxide dismutase) O2
- peroxide ,

peroxide catalase glutathione peroxide (GPx) . D-galactose

,

(Fig. 9-3,4).

(3) Na+-K+-ATPase activity

Na+-K+-ATPase Na K

40-50% ATP . D-galactose

Na+-K+-ATPase
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(Fig. 9-4)(60, 61). Na
+
-K

+
-ATPase

(62, 63).

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

quandrant with other quandrants on day 5.
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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.

Figure 9-3. Effects of different ginseng extracts on the SOD and Catalase activity in the cortex and

hippocampus of D-galactose treated rats.

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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. cholinergic enzyme MAO-B

D-galactose (septohippocampus) cholinergic system ,

(64, 65). D-galactose

cholinergic system D-gal acetyline

AChE , , acetylcholine ChAT

. , ,

D-gal (Fig.

9-5). Amine MAO-B (monoamine oxidase-B)

D-gal (Fig. 9-6). D-galactose

MAO-B .

Figure 9-5. Effects of different ginseng extracts on the AChE and ChAT activity in the cortex and

hippocampus of D-galactose treated rats.

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

rat brain.
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. Real-time PCR GAP-43, SNAP-25

Total RNA 1.2% formaldehyde gel (Fig. 9-7-A) Agilent

2100 bio-analyzer (Fig. 9-7-B). PCR synatic plasticity

GAP-43 SNAP-25 mRNA D-gal

, ,

(Fig. 9-7-C).

Figure 9-7. Comparison between total RNA, RT-PCR and real-time PCR of GAP-43 and SNAP-25

from hippocampus of D-gal treated rats. (A) Total RNA samples on a 1.2% agarose gel, (B)

The gel-like Agilent 2100 bioanalyzer image, (C) RT-PCR results for SNAP-25 and GAP-43,

(D) Real-time PCR of SNAP-25 and GAP-43 comparative expressions in hippocampus of

different rat groups.
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. Microarray

Array multi-step image spot . D-galactose

12,060 gene ,

genes signal transduction, protein metabolism and modification, transport

(Fig. 9-8). Neuronal activity 324 genes Illumina® BeadChip

. genes nucleic acid binding, transcription factor, receptor, transferase

(Fig. 9-9). Hierarchical gene clustering dendrogram 12,060

genes 276 genes D-gal 4 group , 2

(Fig. 9-10). Table 9-1 D-gal 2 57

genes . Table 9-2, 9-3, 9-4 propagation, synaptic transmission, neuronal

activity gene .

Figure 9-8. The expression genes in various biological processes.

Figure 9-9. The expression genes related to diverse molecular functions
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Figure 9-10. Altered gene expression between (T1) D-gal-treated and other groups (T2, WGE; T3,

RGE; T4, BGE; C, vehicle control group). 276 genes out of 12,060 genes were at least

two-fold different.



- 107 -

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/T1

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

Energy/metabolism(17)
NM_080481.1/ATP synthase, H transporting,⁺

mitochondrial F0 complex, subunit e (Atp 5i)
-2.40 2.31 2.43 2.31

NM_017311.1/ATP synthase, H transporting,⁺

mitochondrial F0 complex, ubunit c, isoform 1
-2.09 1.88 1.69 1.76

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

NM_130403.1/protein phosphatase 1, regulatory

(inhibitor) subunit 14A
-2.13 2.41 2.25 1.69

NM_016891/protein phosphatase 2, regulatory

subunit A alpha isoform
-2.45 1.78 2.58 1.69

NM_138748/protein phosphatase 2, regulatory

subunit B
-1.75 1.56 3.39 1.84

NM_181381.2/ATP-binding cassette, sub-family G,

member2
-1.20 1.95 2.59 2.90

NM_080767.1/proteosome subunit, beta type 8 -1.47 2.65 1.63 1.96

NM_010731/ATPase, Na , K , transporting alpha⁺ ⁺

polypeptide
-2.17 1.32 2.47 1.78

NM_031756.1/ gamma-glutanmyl carboxylase -8.61 1.13 3.19 2.90

NM_212506.1/MHC class region expressed geneⅡ

KE2
-2.32 2.86 1.95 2.78

NM_022215.2/ glycerol-3-phosphate dehydrogenase

1(soluble)
-1.53 2.72 5.09 4.16

NM_017253.1/branched chain aminotransferase 1,

cytosolic
1.80 -1.50 -2.81 -1.96

NM_022944.1/inositol polyphosphate

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

NM_053540.1/cytochrome c oxidase, subunit XⅦ

assembly protein homlog (yeast)
-2.37 2.31 2.13 2.26

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 2.47 2.68

XM_343065.2/nuclear factor of kappa light chain

gene enhancer in B-cells inhibitor, alpha(Nfkbia)
-1.35 2.02 2.22 1.53

Matrix/structural

proteins (2)
NM_080697.2/dynein light chain-2 -2.62 2.36 2.37 2.67

NM_173102.1/tubulin. beta 5 -1.97 1.75 1.96 2.02

Protein

synthesis /translational

control (10)

NM_017152.1/ribosomal protein S17 -1.89 2.18 1.85 1.80

NM_022699.2/ribosomal protein L30 -42.31 28.30 28.56 27.34

NM_053597.2/ribosomal protein S27 -1.90 2.10 2.04 2.02

NM_012875.1/ribosomal protein L39 -1.93 2.17 2.16 1.92

NM_022504.1/ribosomal protein L36 -2.79 2.88 2.31 2.31

NM_021264.2/ribosomal protein L35a -1.88 2.02 1.77 1.84
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NM_031111.1/ribosomal protein S21 -2.14 2.13 2.25 2.13

NM_031327.2/cysteine rich protein 61 -2.13 1.67 1.39 3.19

NM_017216/solute carrier family 3, member 1 1.39 -3.70 -1.84 -1.53

Signal transduction (10)
NM_173339.1/CEA-related cell adhesion

molecule 10
-1.37 1.53 3.00 2.15

NM_012614.1/neuropeptide Y -1.51 2.32 1.75 1.37

NM_053485.2/S100 calcium binding orotein A 6 -1.70 2.20 2.10 1.68

NM_031645.1/receptor (calcitonin) activity

modifying protein 1(Ramp1)
-2.05 1.39 1.56 1.66

NM_012862.1/matrix Gla protein (Mgp) -1.89 2.21 2.03 1.94

NM_031511.1/insulin-like growth factor 2 -1.60 2.00 1.16 2.16

NM_031648.1/FXYD domain-containing ion

transport regulator 1
-1.60 2.14 1.94 1.91

NM_012612.1/natriuretic peptide precursor type

A
-2.08 1.31 1.59 1.68

NM_019161.1/cadherin 22 -2.46 1.22 1.42 1.38

NM_019904.1/lactin, galactose binding, soluble

1
-1.63 2.37 1.66 1.72

Transcription/chromatin (11) NM_019137.1/early growth response 4 -1.54 1.86 1.97 2.18

NM_023988.1/zinc finger protein 354C 1.85 -2.13 -1.75 -1.69

NM_017364.1/ zinc finger protein 260 1.50 -2.23 -1.91 -1.76

NM_019310.1/inter leukin 8 receptor, alpha 1.08 3.49 2.95 3.55

NM_053425.1/copper chaperone for superoxide

dismutase
-2.03 2.37 1.97 1.82

NM_012733.3/retinol binding protein 1, cellular -1.33 2.26 1.94 1.33

NM_198776.1/beta-glo (MGC72973) -2.46 3.51 2.00 2.01

NM_033234.1/hemoglobin beta chain complex -2.62 4.12 2.03 2.17

NM_053371.1/fractured callus expressed

transcript 1
-1.91 1.87 2.15 1.82

NM_013096.1/hemoglobin alpha, adult chain 1 -2.81 4.86 2.50 2.55

NM_012824.1/apolipoprotein C-I -3.14 2.92 1.53 2.11

Miscellaneous function (2)
NM_022668.1/myelin oligodendrocyte

glycoprotein
-1.51 1.77 2.35 1.94

NM_012676.1/troponin T2 cardiac -2.76 1.12 2.75 2.44

Developmental process NM_053713.1/Kruppel-like factor 4 (gut) 1.69 1.71 1.64 2.19

NM_001009645.1/Kinesin family member 22 -1.84 2.05 1.75 1.53
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Table 9-2. Some genes related to action potential propagation in hippocampus

Identified genes T1/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,

member 4

1.31 -1.15 -1.44 -1.70

NM_173095.2/potassium voltage-gated channel, shaker-related subfamily J,

member 1

1.27 -1.78 -1.20 -1.11

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 T1/C T2/T1 T3/T1 T4/T1

NM_177982.1/huntingtin-associated protein 1

(Hap1), transcript variant 2

Membrane traffic protein; Intracellular

protein traffic; Synaptic transmission
-1.66 1.26 1.40 1.79

NM_030844.1/islet cell autoantigen 1
Synaptic transmission; Neurotransmitter

release
-1.02 1.70 1.47 1.02

NM_052829.1/regulating synaptic membrane

exocytosis 1

Select regulatory molecule; Regulated

exocytosis; Neurotransmitter release
-1.52 1.61 1.56 1.08

NM_031594.1/purinergic receptor P2X,

ligand-grated ion channer 4.

Signal transduction; Nerve-nerve

&Neuromuscular synaptic transmission
-1.28 1.28 1.32 1.21

NM_024394.1/5-hydroxytryptamine(serotonin)

receptor 3a

Receptor, Signal transduction;

Nerve-nerve synaptic transmission
-1.83 1.42 1.56 1.96

NM_175758.3/sodium-dependent neutral

amino acid transporter ASCT2

transporter; Ion tranport; Neuronal

activities; Synaptic transmission
-1.27 1.66 1.37 1.50

NM_053585.1/MAP-kinase activating death

domain

Signal transduction; Synaptic

transmission; Apoptosis; Neurogenesis
-1.49 1.68 1.72 1.48

NM_017194.1/cholinergic receptor, nicotinic,

epsilon polypeptide

Signal transduction; Transport;

Neuromuscular synaptic transmission
-1.37 1.31 1.54 1.72

NM_052806.1/cholinergic receptor, nicotinic

beta polypeptide 4

transport;Nerve-nerve synaptic

transmission; Sensory perception
-1.85 1.57 1.41 1.75

NM_012528.1/cholinergic receptor, nicotinic

beta polypeptide 1

Acetylcholine receptor; Transporter,

Signal transduction; Neuromuscular

synaptic transmission

-1.73 1.78 1.69 1.76

NM_019145.1/cholinergic receptor, nicotinic

gamma polypeptide

Acetylcholine receptor; Neuromuscular

synaptic transmission;

Muscle contraction

-1.03 1.65 1.52 1.88

NM_024354.1/cholinergic receptor, nicotinic

alpha polypeptide 4

Acetylcholine receptor; Signal

transducti-on; Nerve-nerve synaptic

transmission

-1.14 1.00 1.04 1.64

NM_017078.1/cholinergic receptor, nicotinic

alpha polypeptide 5

Signal transduction; Nerve-nerve

synaptic transmission
-2.17 2.61 1.23 1.44

NM_012527.1

/cholinergic receptor, muscarinic 3.

G-protein coupled receptor; Signal

transduction; Neurotransmitter release
-1.81 1.94 2.00 1.85

NM_017263.1/glutamate receptor, ionotrpic,

4

Glutamate receptor; Transport;

Nerve-nerve synaptic transmission
1.47 -1.39 1.54 -1.30

NM_017261.1/glutamate receptor, ionotropic

2

Glutamate receptor; Transport;

Nerve-nerve synaptic transmission
1.70 -1.41 -1.28 -1.60

NM_032990.1/glutamate receptor, ionotropic,

AMPA3 (alpha 3)

Glutamate receptor; Transport;

Nerve-nerve synaptic transmission
1.60 -1.43 -1.59 -1.60

NM_012575.2/glutamate receptor, ionotropic,

NMDA2C

Signal Transduction; Transport;

Nerve-nerve synaptic transmission
1.74 -1.84 -1.39 -1.04

NM_012574.1/glutamate receptor, ionotropic,

NMDA2B

Signal Transduction; Transport;

Nerve-nerve synaptic transmission
1.35 -1.44 -1.59 -1.39

NM_080587.1/gamma-aminobutyric acid

(GABA-A)receptor, subunit alpha 4

Signal Transduction Transport;

Nerve-nerve synaptic transmission
1.62 -1.55 -1.95 -1.76

NM_183327.1/gamma-aminobutyric acid A

receptor, gamma 2

GABA receptor; transport; Nerve-nerve

synaptic transmission
1.51 -1.85 -1.81 -1.62
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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;
Neuronal activities; Neurogenesis

-1.48 1.80 1.89 1.62

NM_012828.1/Calcium channel,
voltage-dependent, beta 3 subunit

Voltage-gated calcium channel;
Neurotransmitter release; Nerve-nerve &
Neuromuscular synaptic transmission

-1.45 1.61 1.21 1.78

NM_053399.1/neurturin Neurotrophic factor; Signal transduction;
Neuronal activities

-1.33 1.39 1.39 1.63

NM_013175.1/secretory granule
neuroendocrine protein 1 (SGNE 1)

Signaling molecule; Neuropeptide; Neuronal
activities

-1.05 1.03 1.69 1.79

NM_013179.1/hypocretin Signaling molecule; Neuropeptide; Signal
transduction; Neuronal activities

-1.23 1.74 1.45 2.24

NM_139326.2/pro-opiomelanocortin Neuropeptide; Signal transduction; Neuronal
activities

-1.37 1.72 1.37 1.59

NM_013007.1/prepronociceptin Neuropeptide; Signal transduction; Neuronal
activities

-1.33 1.65 1.22 1.32

NM_023968.1/neuropeptide Y
receptor Y2

Signal transduction; Neuronal activities -1.17 1.88 1.05 1.06

NM_012869.1/ neuropeptide Y
receptor Y5

Signal transduction; Neuronal activities 1.62 -1.42 -1.06 -1.37

NM_019162.1/tachykinin 2 Signal transduction; Neuronal activities ;
Neuropeptide

-1.25 2.99 1.44 1.56

NM_012768.1/dopamine receptor 5 Receptor; G-protein coupled receptor; Signal
transduction;

-1.01 1.40 1.95 1.34

NM_012585.1/5-hydroxytryptamine
(serotonin) receptor 1A

G-protein receptor; Signal transduction; -1.12 1.49 1.72 1.46

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

NM_017012.1/glutamate receptor,
metabotropic 5 (GRM 5)

Signal transduction; G-protein mediated
signaling; Neuronal activities

1.53 -1.66 -1.85 -1.67

NM_017011.1/glutamate receptor,
metabotropic 1(GRE 1)

Signal transduction; G-protein mediated
signaling; Neuronal activities

1.94 -1.65 -1.62 -1.91

N M _ 0 1 2 9 1 2 . 1 / a c t i v a t i n g
transcription factor 3 (ATF3)

Transcription factor; CREB; transcription
factor; Neuronal activities

-1.09 1.06 1.86 1.69

NM_017334.1 cAMP responsive、
element modulator, transcript
variant 2

CREB Transcription factor; Signal transduction;
Neuronal activities

-1.27 1.30 1.82 1.37

NM_019166.1/synaptogyrin 1 Membrane traffic regulatory protein; Neuronal
activities

-1.21 1.56 1.22 1.03

NM_022533.1/transmembrane 4
superfamily member 11

Transport; Ion transport; Neuronal activities -1.11 1.28 1.60 1.30

NM_053851.1/calcium channel,
voltage-dependent, beta 2 subunit

Neurotransmitter release; Nerve-nerve &
Neuromuscular synaptic transmission

-1.71 1.44 1.34 1.40

NM_017110.1/cocaine amphetamine
regulated transcript

Signal transduction; synaptic transmission -1.20 1.51 1.04 1.15

NM_03 1 5 03 . 1 / a ch a e t e - s cu t e
complex homolog-like 2
(Drosophila)

Transcription factor; Neuronal activities;
Neurogenesis; Oncogenesis

-1.53 1.45 1.04 1.19

NM_03 1 0 1 9 . 1 / c o r t i c o t r o p i n
releasing hormone

Peptide hormone; Signal transduction; Stress
response; Neuronal activities-

1.68 -1.24 -1.36 -1.46
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NM_017295.1/gamma-aminobutyric

acid A recepor,alpha 5

GABA receptor，Signal transduction,

Nerve-nerve synaptic transmission

1.49 -1.66 -1.16 -1.42

NM_017065.1/gamma-aminobutyric

acid recepor,subunit beta 3

Signal transduction; Transport; Nervenerve

synaptic transmission

1.88 -1.86 -1.95 -1.94

NM_183326.1/gamma-aminobutyric

acid A recepor,alpha 1

GABA receptor, Nerve-nerve synaptic

transmission

1.43 1.68 -1.65 -1.36

NM_031656.1/syntaxin 8 SNARE protein; General vesicle transport;

Neurotransmmitter release

-1.31 1.79 1.45 1.29

NM_053788.2/syntaxin 1A(brain) SNARE protein; Small molecule

transport; Synaptic transmission

-1.18 1.04 1.43 1.71

NM_030991/synaptosomal-associated

protein 25
SNARE protein; Small molecule

transport; Synaptic transmission

-2.74 1.74 2.46 1.89

NM_013038.3/syntaxin binding

protein 1

Membrane traffic regulatory protein; Transport;

Neurotransmitter release

-1.36 1.72 1.51 1.29

NM_178346.1/syntaxin binding

protein 5(tomosyn)(Stxbp5),transcript

variant s

Membrane traffic regulatory protein;

Neurotransmitter release

-1.50 1.30 1.49 1.47

N M _ 0 1 9 1 5 9 . 1 / s y n a p s i n

II(Syn2),transcript variant 2

Membrane traffic regulatory protein; Synaptic

transmission

-1.15 1.73 1.55 1.85

NM_031693.1/synaptotagmin 4 Membrane traffic regulatory protein;

Neurotransmitter release

-1.30 1.58 1.44 1.24

NM_023974.1/synaptoporin Membrane traffic regulatory protein;

Neurotransmitter release

-1.48 1.56 1.68 1.43

NM_017195/growth associated protein

43

Membrane traffic regulatory protein;

Neurotransmitter release

-2.54 1.86 2.02 2.43

N M _ 0 1 7 3 4 6 . 1 / c a l c i u m

channel,votage-dependent,beta 1 subunit

voltage-gated calcium channel; Neurotransmitter

release; Nerve-nerve&Neuromuscular synaptic

transmission

-1.68 1.68 1.31 1.57

NM_053997.3/potassium voltage

gated channel,Shaw-related

subfamily,member 3

voltage-gated potassium channel; Signal

transduction; Synaptic transmission

-1.29 1.77 1.46 1.55

NM_053296.1/glycine receptor,beta

subunit(Glrb)

Receptor; Signal transduction;transport;

Nerve-nerve synaptic transmission

1.47 -2.04 -1.44 -1.34

NM_012788.1/discs,large homolog

1(Drosophila)

Transmembrane receptor regulatory/adaptor

protein; signal transduction

1.25 -1.88 -1.44 -1.13

N M _ 0 0 1 0 0 7 2 3 5 . 1 / i n o s i t o l

1,4,5-triphosphate receptor 1

Receptor; Calcium mediated signaling; Stress

response; Neurotransmitter release

1.64 -1.28 -1.16 -1.26

NM_021748 .1 /N - e t hy lma le im i de

sensitive fusion protein

Hydrolase; Exocytosis; Transport;

Neurotransmitter release

2.32 -2.86 -2.96 -1.85

NM_012513.2/brain derived

neurotrophic factor(BDNF)

Neurotrophic factor;Nerve-nerve synaptic

transmission; Neurogenesis

-1.68 1.31 1.41 1.80

NM_013032.2/solute carrier family

1,member 1

Transporter; Transport; Signal transduction;

Synaptic transmission

-1.02 1.62 1.35 1.43

NM_019225.1/solute carrier family

1,member 3

Transporter; Signal transduction; Synaptic

transmission

1.49 -1.32 -1.94 -1.36

XM_341071.2/RIM binding protein

2(predicted)

Miscellaneous fuction; Signal transduction;

Synaptic transmission

1.49 -1.08 -1.57 -1.61

NM_134411.1/RAB3A interacting

protein(rabin3)-like 1

Guanyl-nucleotide exchange factor; Signal

transduction; Synaptic transmission

1.75 -1.29 -1.33 -1.47
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10. Ginsegnoside Rb1

. Morris water maze test

4 Rb1 platform

3, 4 escape latency . 5

platform

. Rb1

, Rb1

.

Figure 10-1. The effects of Rb1 on cognitive performance in Morris water maze test. Rb1 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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. Rb1

30 Rb1 BrdU-positive cell

DG (dentate gyrus), CA1 CA3 Fig. 10-2 . CA3

DG . , Rb1

BrdU (66). Rb1

DG CA3 (67), CA1

. Fig. 10-3(B) Rb1 .

Figure 10-2. BrdU-immunohistochemistry. Photomicrograph of BrdU-positive cells (arrowhead) in the

DG (A, control; B, Rb1) and CA3 (C, control; D, Rb1). Scale bar = 20 m.μ

Figure 10-3. Effects of Rb1 on neurogenesis in the different hippocampal subregions. A, when BrdU

was given to rats 30 days before they were killed.



- 115 -

11.

Figure 11-1. Black ginseng products produced by Daeduk bio

ethyl-ether

, HPLC (Fig.

11-1). . ,

Rg3 . Rg3 12.52

mg/ea . Rf 2.19 mg/ea, Rb1 0.75 mg/ea, 40 Rg1 Re

, Rg3 .

Figure 11-2. Chromatograms of ginsenosides in the liquid product used black ginseng
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Figure 11-3. Sensory evaluation of black ginseng pouch product

Parameters 량 (mL) pH 당도

색도

L a b

49.5±0.04 4.26±0.07 1.86±0.06 17.10±0.23 0.20±0.08 1.20±0.06
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