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( SUMMARY >

| FENS | D-02

O Establishing stable sales growth by building up claim for desperate consumers

O Development of functional foods for improving male sexuality using Korean red ginseng
O Establishment of manufacturing process (cGMP) and quality specification (WHO or ICH
standard) conforming to international standards

O FElucidation of stimulatory mechanism Korean red ginseng on spermatogenesis at
molecular level

O Development of novel herbal medicine effective against male sub- and infertility

Purpose& |O Launching functional foods / herbal medicines with annual sales over 100 billion won
Contents |O Manufacturing Process and Product Development Research
- Manufacturing process optimization, stability testing (real-time and accelerate
conditions)
- Quality control related analytical chemistry: Establishment of validated analytical method
for 11 ginsenosides
O Double blind, controlled clinical trial of KRG on male sub- and infertile subjects
- Effects on sperm quality and volume, subjective symptoms and blood chemistry panel
- Improvement of fathering capacity
O Pre-clinical studies
- Toxic effect of KRG on Doxorubicin—exposed GC-2spd, TM3, and TM4 cells
- Doxorubicin - The effect of improving the sperm production of KRG in exposed male
Results

rats was verified by histopathological examination, sperm count and motility, and by
comparison of key indicators (antioxidant enzyme, sperm production-related protein, sex
hormone receptor mRNA and protein expression

O Manufacturing Process and Product Development Research

- Completion of manufacturing process optimization, stability test (real-time and abuse




condition)
- Quality control related analytical chemistry study: 11 standard product documentation
acquisition and effective quantitative analysis method establishment)

O Clinical study (double-blind cross-over test)
- Acquisition of 64 patients / subjects, administration of test drug, follow-up of related
items

- A total of 6 natural pregnancies (approximately 20% assuming all KRG-treated groups)

[Application plan]

O Propagation as a naturally occurring agent for male sexual dysfunction

O Applied to internationally accredited traditional medicine for male sexuality booster
O Expansion of application range for treating female sub-/infertility

[Expected results]

Expected . L . . . .. . .
~|O Birth of the world's first botanical effective against male subfertility and infertility

Contribution . . . .

O Creation of new demand of Korean ginseng preparations as functional foods

O Seeking long-lasting loyal consumer groups==> continuous increase in consumption

O Role of revitalization of stagnant ginseng industry

O Annual sales over 100 billion products

O Contribution to national policy by increasing fertility rate

. Stimulator

Korean red | Standardized . . Y .

Keywords Male subfertility mechanism of Functional food

ginseng ginseng product

spermatogenesis
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Fig 2. Effect of KRG on testis lipid peroxidation (LPO) in aged rats. Values
were expressed as mean * SD (n=6). LPO was expressed as nmoles of MDA
formed/min/mg protein. Statistical comparisons: YC vs. AC, p < 0.01; AC vs.
G-AC, "p < 0.01.
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Fig 3. Effects of KRG on testis parameters related to spermatogenesis in aged
rats. (A) Sperm number per tubule, (B) Sertoli cells per tubule, (C) Germ cells
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per tubule, and (D) Sertoli cell index. Statistical comparisons: YC vs AC, p <

0.05 “p < 0.01; V-AR vs. G-AC, “p < 005 #p < 0.01. Values are mean + SD
(n=6).
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Fig 4. Effect of KRG on testis glutathione peroxidase (GPx), glutathione reductase (GR)
and glutathione transferase (GST) in aged rats. Values were expressed as mean * SD
(n=6). (A) GPx, one unit of GPx activity is expressed as the amount of enzyme that
converts 1 mmole of GSH to GSSG in the presence of H, O, /min. (B) GR, one unit of
GR activity is expressed as the quantity of enzyme which catalyses the oxidation of 1
mmole of NADPH/min. (C) GST, one unit of GST activity is expressed as mmoles of
CDNB utilized/min/mg of protein. Statistical comparisons: YC vs. AC, "p < 0.01; AC vs.
G-AC, "p < 0.01.
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Fig 5. Histological analysis of seminiferous tubules in the rat testis. Representative
images of tubular cross-sections of testis from young control rats (YC, A),
vehicle-treated aged rats (AC, B), and Korea red ginseng-treated aged rats (G-AC, C).
Sections were stained with H&E. The images are typical of those obtained in five
independent experiments. Scale bar = 45 ym. LC, Leydig cell; PS, primary spermatocyte;

_15_




SG, spermatogonium; SP, spermatozoa; SR, Sertoli cell;, ST, spermatid.
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7H(19991 72004 )l A A A 4FALE st AT

= Yol ‘31 7} (marketing authorization holder) 23S & ¥ 73 o]
A3 7t 58S el e o AFe AFE GA s ok sl tid
[Drug Regulatory Affairs (DRA) % International Conference on
Harmonization (ICH)®] guidelines®] w3t *x]2] H4=].

M
jis)
Lo

o1

%0 ofoh
2 ox
)

3o 1o

webd B AFAE 20de] A ;e 4444 7 &% @ /1A AT 5o
A3 EUDRA AEFZRE S5 TAGE SR Be HAH 4 443 FPL
gom 1) 7Ad xulAwel F4Hel gon, 2) AT FIHeR AF Furb FES
71 91w, 3) FAAow Fakel A7y 2E ARt AYAoR @ FeiA Jouw
g7l S EE targetdd B ohieh, 4) ob4 AMeI Y& O FF/15H HFol
9 targete) ‘g4 WY, BAFTOl ojd ‘mATM AN, ABEANE 793G FA
A ALFCamo FANAN FRGo LA ‘TABAS AEE WA Selr A

s ol ¥4 Bxa @t

1-3. A7-7h 9]

7h A Ao tigk KRGO Wols A
(1) Jaslra-wF 13HAE ZA & KRGO d4rstad &4 (Prx, Gpx, SOD, CAT
5), AAMATHE @M A(inhibin-a, nectin-2), A3z 28 $FEA(FSHR, AR, LHR)Y
mRNA 2 o e = gl
2) FoHA-w% WEAE S4o wE KRGS FAsh@e &4(Prx, Gpx, SOD, CAT %),
A2 #HE T A (inhibin-a, nectin-2), &2+ 78 A(FSHR, AR, LHR)2] mRNA %
G i e gl

(3) I2-%=F UIAME Ao wE KRGY ditstatd g4 (Prx, Gpx, SOD, CAT %), 4
A #?HE A (inhibin—a, nectin-2), A3 28 &4 (FSHR, AR, LHR)%] mRNA =%

T 1

[

2171 Astel gk KRGS #Atstahal &4 (Prx, Gpx, SOD, CAT &), 44

A3 @A (inhibin-a, nectin-2), A 2% F&A(FSHR, AR, LHR), /2% 7% &
H d At HF A S 2 (testosterone, LH, FSH)3t% AA dwv] 7 oz

(2) Heat stress® 213+ KRGY @4r3tad &4 (Prx, Gpx, SOD, CAT %), AAAATH &
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WA (inhibin-a, nectin-2), A& 2% F&A(FSHR, AR, LHR), VA% 75 #d & od3s}st

|7, 85 A3 =¥ (testosterone, LH, FSH) &%, AA# an 73 ozt

(3) Immobilization stress® <13+ KRGe] &4talatd &4 (Prx, Gpx, SOD, CAT %), AAA
A#H WA (inhibin-a, nectin-2), 43 2% $&A|(FSHR, AR, LHR), /2174 715 ##

gzl A] 4 dF A5 2 E(testosterone, LH, FSH) &3, A% dv4 #z

=
PN

N
-

(1) AEEE 71E 14
(2) WA=l 71 4 474
@) TuHe] 7% 94 A

O AxEZ] validated & =AW
(1) ICH guideline &<
(2) KRG validated A%
24, A"l AARAd) =Y
O AF 55 9% 124 7] (specification) 2
= $1% 3 batch QC data(=72]-3}3F 3 v A& AL feiE4d 5187]F 2o
Homu-e] A vIE el gR
(2) AEo] AA717F Y-S 93} real time & accelerated stability A5 81

A0, AETA, AFEA, M9, A2, LA

(1) CASA(computer aided sperm analyzer) % microscopeE ©]-83%F sperm morphology 3
7}

(2) AdAe] MDA analysis®t A AFe] Halo-sperm study %3

(3) serum OT/PT (AST/ALT), serum FSH, LH, Testosterone, SHBG #AAME &3l 47k
Fol A3 5 A Bl 7

(4) RAEE5H, AV =L (brief sexual function inventory), ¥ ZX(fatigue severity
scale), &te] Z(SF-36 health survey score) H7}& &3l dAeF Fof Ay o] e vl

37
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2. e Ve 4%

|
O E53lE AAY 2% v 58] 103067, FE 24037, Y 857, Tl

-1 y =
9903, 1 F A Fu AL ANFeRA £4ES Bk

2 vtAlE HH ol retinoid agonisti YA Sdlo] tid AFo] e A
sk Mo ALGFozH GApo] S TXATE AoRE BT

O o]9o®= E3 & ofyAWE tha|eefo g FHe= 22 Vit. C, zinc, selenium, Vit. E,
Vit. B12, L-carnithine, b-carotene A %=°]t} [www.edition.cnn.com, 2012. 09. 15]. 181}
ol AEFS Aty AN A o] FolA AL Yol EYES A 5T ¢ A o
A= Had v gla FAE 7S AE/AEA o ekEo] ofYt

O & HAGAME sEATEE &3l KRG AAAAY 3 a9 71d& FHsta volrt

G 3 A 2 As a9E ST B3 ojn] Al ek 9l

k<
AFEds AEstE AFom e AAdTsta 2 Aol teid =
ksl

O AxzFAHANA FZFA o277 AFAo] “HFA7|E"A ICH (A x=3H9] ¢ 3])9t
WHO guidelinedl] F&¥ %5 3Fomy =4 AF IS HxFE Ee ddd A4
(pharmacodynamics), 9% T (clinical study), A Z&H(GMP), =24 #8 A5E FH3
=3

O Ul &9 Aol 3509 ¢ (medisobizanews, ‘=] BUX S A Al &AL ol AT,
2013-04-11) o8& 4 A= ZheH @A oA AlEL Qe BEY ARAE o4
Eolol dEE vigFEAVE R 94 S #EE ARAE L o Fe

ofsf A=t = Y.
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ool A AdHI e =Y ARAE o4 B
o dE AAAEZTEZ A= wje

g i & x
2012-01-04)7F ok, AA sfefolr Fd Eddol ddHo] AdH s =Y A8A

r
= 0z

O SR AMARTHANA TFxsE 25(2013. 5. 24. vol57)¢} Dailymedio]l E =¥ 7]AF
(2012. 1. 4. ‘gt og 33 &Ex P4 'EUAR) WmEWH g o5 G

| ot AA FlolA AldE L s FAEY AEAE AEE

o14ke] Fuf Hl&o] AA HAoR odHTb 3t} e CMH Health International®] %
Alell o3t 2003F-H 2007d7FA o] Fw B X EA APEPEE ZH2E 209915009 9
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AL e D-05

LA

[(A1AF - A2 A% A d &5 2 714 9]

(1) In vitro 238

(7h) AlE Wi
v A EFEHP(ATCC) A He wz} No. CRL-2196 Spermatocyte GC-2spd, No.
CRL-1714 Leydig TM3, No. CRL-1715 sertoli TM4 cell (ATCC, USA)2 njj oo of A]
37°C, 5% CO, incubatorol]l 4] vj gt} GC-2spd= 10% fetal bovine serum (Gibco), 100
units/mL  penicillin  (Gibco), 100 ng/mL streptomycin (Gibco)S 7} Dulbecco’s
Modified Eagle’s medium (DMEM; Gibco, USA) #ix|o] A wjeksity, TM39F TM4+=
DMEM¥} Ham's F12 (1:1, v/v) ®iA]o] 5% horse serum (Gibco), 2.5% fetal bovine
serum, 100-units/mL penicillin, 100 ng/mL streptomycing % 7}slo] 8 &3t}

7 g
1=}

(W) Z+F #Ah=oll o)t 18k Alxze] 4 FE25E Wolazd A
O RNAFZ

Total RNA+ InvitrogenAle] TRIZOLA ¢F& o] &3te] +
T4 B FFE (KRG-WE) 100 pg/mlE ZH7; 2413 A A
IME 1A A5S Foh 3o v AXE PBSE 23] A
ml d7F AXE &3A71 ¥ 100 ul chloroform &S 7}8k
14,000 rpmel A 2023 4Zefste] W 99 FS A= FH AU
&3 ¥ 14,000 rpmelA 103+ H
ethanol® i A=

o
RNAE &afAr7]aL g =Fetsinh

oph

33 @ HolE e
% 2-propanol¥} 1:1%
HFHES 75%

1o
M E] DEPC A8 S/HTE 20 ¥ ol

T & A A (PCR) WH

TRIZOLZ %3 RNA+ M-MLV reverse transcriptase® protocold AlM&3e] cDNA

2 A JdHAA WSS Y3le] total RNA (Ig)el 0.1 g9 oligo-(dT), 10 mM

dNTPs & Y3 65°CollA 10w3F WAAA DS ZH single strandE AAdh. 2 Fo 1X

single strand buffer, 0.5 mM DTT, 200 Unit M-MLV reverse transcriptase= % 7}s}aL

25°Coll Al 104, 37°Coll Al 504, 70°Cell A 15% ¥HgAIZl & PCR ZtZte] tubeol 250 ng

cDNA, 1xPCR buffer, 1 mM MgCl2, 200 mM dNTPs, 0.2 mM®e| primerE %3 PCR %

7191 92°Coll A 30%, 60°Cell Al 45%, 1 F-o 72°ColA 30%, 30 cyclingst$ith. PCR HE-S-

o] ¥4 v 15 % agarose gelol 6 pl¥s B3 A79dFs & & FFAS o] &35

WSS ghlsk it

@ Akt #E 49 mRNA 23 @ =

HE A HolH o wdst= FFEEE S-HdEaA (Glutathion S-transferase, GST)
At

3l & 4 (Glutathion peroxidase, GPX) &< 3}

>
=
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ol GPX4¢F a3ke] mEZEgoloa Solx oz wWd %= PRX (Peroxiredoxin) 2
3Frtel PRX39 2a S mRNA oA FAsEA T AFE3E primerd] 97| EL thaS-3
paga

GSTmb: TCA AGC TAG ATC TGG ACT TTC CTA A (Forward)

GSTmb5: ATC ATA GGT GAG AAA ATC CAC AAA G (Reverse)

GPX4: AGG CAA AAC TGA CGT AAA CTA CAC T (Forward)

GPX4: CGT TCT TAT CAA TGA GAA ACT TGG T (Reverse)

PRX3: ATG AGT TTC ATG ACG TAA AC (Forward)

PRX3: AAA GTA CTC TTT TGA AGC TG (Reverse)
@ T2 pathwayol A AAAAA @ 259 mRNA &d % ZA}
AAAE Beo dotry] S8 AbsA 2EH AR s AstH s s 5 A
o] A3ty AAYA ] =23 AL = nectin- 2, O EAF T 2R TIALA LS Ao
FFAAA F+ inhibin-a®] mRNA 2dFS AT mRNA 2@ @ A= 3abs)
T4 mRNA Td & Ao g Wy o=m Fasial.

Nectin—2: AGT GAC CTG GCT CAG AGT CA (Forward)

Nectin—2: TAG GTA CCA GTT GTC ATC AT (Reverse)

Inhibin-a: TTG ACT CTA CAG GAT GTG GA (Forward)

Inhibin-a: ACA TAA GTG AAG AGA CCT TC (Reverse)
® A 2 receptor ¥ mRNA W&z ZA}
e ~EYAR QS 13 AEZ W A TEE receptord THHFTFL olE HI] ¢
3ol Androgen receptor (AR), Follicle-stimulating hormone receptor (FSHR),
Luteinizing hormone receptor (LHR) ¢] mRNA & #& ZAsl3th. mRNA @Had % %
Ab= @bl @4 mRNA 23 abel 5 Wyor Fast3)

AR : CTG GAC TAC CTG GAT CTC TAC CTT A (Forward)

AR : CCT GGG CTG TAG TTT TAT TGT ACT T (Reverse)

FSHR : ATG CTG CTG GCT TTT TCA CT (Forward)

FSHR : TCT TGG TGT CGC TTG ATG AG (Reverse)

LHR : GCA TTC AAT GGG ACG ACT CT (Forward)

LHR : CCT CAA AGA TGG CGG AAT AA (Reverse)

(2) In vivo 2%

hH A% 5=
AN ARS 272 23 £ 2°C, % 55 + 5%, WLTU] 12432 A HE g
SPF (Specific Pathogen Free) 7oA Al53}3 .

@ 127h¥ =] =& FH(male, Sprague Dawley)E 7% o3 4704 &<t AIN-76A Al5E
Holsle] AeS APt At AAL Fe FH HEL(YC, Young control, 75%),
a1 H tx2=a7(0C, Old control), KRG 200mg/kg b.w. ¥ (KRG, 200 mg/kg b.w.) 2
2 ggon 7 2 gupgly o2 FAd kT

@ 45949 F(male, Sprague Dawley)E T ©]% 671€¥ E<oF AIN-76A A5 E Ho]3}

oy

9l

_2‘|_




of 495 WPsdvh. A AL £ (NC, Normal control), L2 ZE#X iz
7 (HC, Heating control), 11 2=Ed#d 2 A8 KRG 100mg/kg b.w. Fol++ (HGI100,
100mg/kg b.w.), e ~EZ~ Az KRG 200mg/ke b.w. Fol(HG200, 200mg/kg
bw. o2 dfon 7t & 10vtgy o A8

@ 45389 F(male, Sprague Dawley)Z T ©°]F 67/1€ E<t AIN-76A AR E Hols)
o A3 APt AP A2 E=(NC, Normal control), -4 2~Ed 2 tix
7 (IC, Immobilization control), 7% Z~E# 2 g KRG 100mg/kg b.w. T (IG100,
100mg/kg bw.), 7% =E#2 A2 KRG 200mg/kg bw. Fo](IG200, 200mg/ke
bw. o2 o 7+ & 10vteH ez A8k

(th KRG %]
KRGE rat§ RUAime] #7h, Ao Azste] 23w ¢4 02 gerste] 247
@ 200mg/kg b.w. @ 100, 200mg/kg b.w. @ 100, 200mg.kg b.w. 7} H =5 Atz

=
stef Holstsith & 6717k Fof 77k gt 9 28] AT dd Ats HHAF
st 7k Als E*&o}ﬂ FozM AF on 19 HAFS At o
o2 MR AR

e X

(t}) dHA3}et#]4= (Blood Chemistry Panel) FA}

ANEE o8&, =3r o Astee= 44 W, 7 2 AAgAE 75 (Gl
glucose, T-cho: total cholesterol, LDL: LDL-cholesterol, HDL: HDL-cholesterol, TG:
triacylgrycerol), A& 2 1] (testosterone, LH, FSH) 5 ZA}slgtt. & o 3}shA]
T+ Azt Als A 7] (Hitachi Medical Co., Ltd., Model 747, Tokyo, Japan)& ©]-&3}¢]
Ao A el F=ete] 43kt

|

T~

Z

Y

Z]

(2h) =2t A
AEe 2 A, v 2 13 248 S BHES L HFHORE Ixlem AVIE HEH A
zZ % 10% buffered F4 formalin &< 48A1ZF 3174, automatic tissue
°o]-&

processor(Citable 2000)Z ©]-&3}] # ], Hematoxylin & Eosin(H&E) &3 A& &n
Hdoz #zsu. 7IEF W digtd= A WElstd Ad W] 3T
Johnsen's scorei:= of#f o] 7]s=ol 2]3le] seminiferous tubules ZF 7HA & 10715 ##

sto] A3}l sttt (Table 1)[4].

Table 1. Parameter for testicular biopsy score counting system by Johnson's
method
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Score Description of scoring system

Complete spermatogenesis with many spermatozoa (determined by

10 head form) Germinal epithelium organized in regular thickness
leaving an open lumen

9 Many spermatozoa present but germinal epithelium disorganized
with marked sloughing or obliteration of lumen
Only a few spermatozoa present (<5 to 10)
No spermatozoa but many spermatids present
No spermatozoa and only a few spermatids present (<5 to 10)

s No spermatozoa and no spermatids but several or many
spermatocytes present

4 Only a few spermatocytes (<5) but no spermatids or spermatozoa
present

3 Spermatogonia are the only germ cells present

2 No germ cells, but Sertoli cells are present

1 No cells in tubular section

Data from Johnsen's SC: Hormones 1:2, 1970.

(m}) 23 ZZ oA RT-PCR

D RNAF=

Total RNA+ InvitrogenAlFe] TRIZOLA ¢S o] &3t FE3Ath. A& 13 22 50
ugell TRIZOL &< 05 ml H7F =4E &322 F 150

2733 # Aol the 14,000 rpmolA 2083 fAAEE T *J%‘ﬂl% Ak oA
TRIZOL 0.5 ml¥} chloroform 150 plS 7} 3 14,000 rpm‘-”ﬂ/ﬂ 2047 LA skt

AN AZAS HE T 2-propanol AEAL 1112 3 F 14,000 rpmel A 1083 ¢
Al BEstel AEAe Bgla YAE el 75% ethanol® A i, AZAIZ T THA]
A E] DEPCE A3 SFF5 60 ul# Yol RNAE &aiA17]L A Fatadnt

@ T2 (PCR) HEE-

TRIZOLZ FZ3 RNAE= M-MLV reverse transcriptase®] protocols AF&3}e] ¢cDNA
2 AT JHAF WhES ¢8te] total RNA (1 g)ol 0.1 g9 oligo-(dT), 10 mM
dNTPs & Y3 65°CollA 1087 HAAZ S 2 M single strandE AQAth 1 Fof 1X
single strand buffer, 0.5 mM DTT, 200 Unit M-MLV reverse transcriptases 3 7}3}aL
25°Coll Al 10+, 37°Coll Al 504, 70°Ceoll A 15% HH-g-AlZl & PCR2 ZHZte] tubeol 250 ng
cDNA, 1xPCR buffer, 1 mM MgCl2, 200 mM dNTPs, 0.2 mM®e] primerE ¥ i PCR %
791 92°Cell A 30%, 60°CollAl 45z, 72°CelAl 30%, 30 cyclingstAth. AF&E primers=
the Zom PCR ®Hbgo] &y vt 2% agarose gelol 5 ul® S loadingstal # 7] %

F GAAAL ol §ohe] w e FHalshgivh

ot
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3 Ao A o] Fakst #E &4 mRNA HdF 24
2 Asl= S FEE R SAE 84 (Glutathion S-transferase, GST)
F579 syl GSTmbS, FFEFE 2 #4ksl &4 (Glutathion peroxidase, GPX) £/ 3}
Ul GPX4¢} 13le] mEZ=golox HolHg oz Wd s = PRX (Peroxiredoxin) ¢
athel PRX39 2d & mRNA FollAl Z2AFskAd
GSTmb: TCA AGC TAG ATC TGG ACT TTC CTA A (Forward)
GSTm5: ATC ATA GGT GAG AAA ATC CAC AAA G (Reverse)
GPX4: AGG CAA AAC TGA CGT AAA CTA CAC T (Forward)
GPX4: CGT TCT TAT CAA TGA GAA ACT TGG T (Reverse)
PRX3: ATG AGT TTC ATG ACG TAA AC (Forward)
PRX3: AAA GTA CTC TTT TGA AGC TG (Reverse)

@ A =& pathwayolA AAAAAY #d 259 mRNA @3z A

ARAA B5S Dolry] Y& A3ty 2EfAR Qs AHeHE BEAE F AAD A

o] gy A FL3 9IS S nectin2, JEAFEEZE FYAAS SAHHL

2 FAAA FE inhibin-a9] mRNA @& FS ZAFSFY T mRNA Lzﬁ%’ﬂ

sl @4 mRNA TdHF A 5L oz #3459k
Nectin—2: AGT GAC CTG GCT CAG AGT CA (Forward)
Nectin-2: TAG GTA CCA GTT GTC ATC AT (Reverse)
Inhibin—a: TTG ACT CTA CAG GAT GTG GA (Forward)
Inhibin-a: ACA TAA GTG AAG AGA CCT TC (Reverse)

® A ZEZE receptor mRNA &l & ZA}
Aretd ~EY A2 23 ug AE U A TE2E receptor?] LEHTF 2o]E w7 ¢35}
androgen receptor (AR), follicle-stimulating hormone receptor (FSHR), luteinizing
hormone receptor (LHR) ¢ mRNA & #S ZAFSFSItH mRNA 2é & FAb= 34k3}
a4 mRNA W& & Ao} A3 W o7 3319}

AR : CTG GAC TAC CTG GAT CTC TAC CTT A (Forward)

AR @ CCT GGG CTG TAG TTT TAT TGT ACT T (Reverse)

FSHR : ATG CTG CTG GCT TTT TCA CT (Forward)

FSHR : TCT TGG TGT CGC TTG ATG AG (Reverse)

LHR : GCA TTC AAT GGG ACG ACT CT (Forward)

LHR : CCT CAA AGA TGG CGG AAT AA (Reverse)

() BabE D A P dulg wd e

Sold dmd HES 98 Western blot S ol &skleh 5, ug 248 F53 o
S standard buffer (RIPA buffer 980 ml + protease inhibitor 10 ml + phosphatase
inhibitor 10 mDE 93 @9 AS lysisAl 7l o5 942 (14,000 rpm, 20 min, 4°C)3t
FTNE Hstel A At 48 FS] dM A Joading buffer 6X)& &3

e
.
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S 10% SDS-PAGE #7195 % PVDF membrane®) transferd}$ith. 5% skim milk=
1A 7F blocking$ GSTmbH, PRX2, nectin-2, inhibin-a, actin 12} &2} overnight ¥F-S-A|
71 %, ECL detection €< (Thermo) o= 213}

(Ah) EA A+
RE 279 EARALE SPSS £7 packageE A}-831o]
5

E¥+H=A} (standard deviation, SD)& FAskAch. A

2 A A= FHy
o 7Fe] o]l one way analysis
Ay

A 7o) Hrgke] Aol thdk f-9/4 S Duncan’s multiple range testS ©]-&3}o] ¥

o

=3
<

Q

=,
Q

=

o

@)

=
Z,
@)
<
=
il
1t
>
_0|L
2
iy
o|N
QL
2
Ie)

A
o
o
o1
>
M\
9
>
do
1o,
o,
o
a<)
3%
(it

(A1 @ =A7]I=ICH &< WHO 7<) 73 Alxsd &4 2 F454 xF3 AF AN
]
() AxEd 1% 4
(7h) %% A= : HPLC (ODS, 20 x 250 mm YMC-Pack, 203 nm, 55% CH3;CN)E ©]
£, Z17+9] ginsenoside®] Y 3Fi= peakES EFHIAT EHES 3 U
HEANOE 257 Th7TE W= 3 SujAldA AZdAGFo=zn o 74
3 AA B9 ginsenoside reference material (RM)S < ¢ th.
(W) T#E 54 'H NMR spectroscopy, “C NMR spectroscopy, FT-IR spectroscopy,

Mass spectrometry, UV Spectrophotometry ZA}gHc},

(th E+3% X% ! Ginsenoside =82 717 £57F A% RMe AH&S A%t
(Choromadex(USA)l A 9 & AFE3 ).

AL o 747t 2 370X 9] HPLC Method® & 4 24| gk},

-

(=)

i
ol
BN

2) Tis=d &2 :

U]
o

W74 By

(7} ICH guideline®] #AA1E A3} o] 3 EAH| tia)] #2495 AAIsHS T

D #EWA 2 4FEALOD & LOQ)
@ Sol4
SERE
@ A
® AdA
® A2

[} = R - =B
(1) &4 F==ol Abde] Gl A= a3
(7h W& ZAake] AAaesd 2 A A el ud a4 % bdAdS SR AF
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@ =3 Ak AT % AR A Rl @ FEA 9 ke FEhAR A4
ef wlal rpskaiatk o el

© Al 71 7 ARG, T A7 71#el A el (GRSt wE A, w
Folsha Ad e, Apejahetal A e, Aol gl Ao AH)

O A7+
O. ot 719 ARAFEF, FAASTE 7H G FolA
1. Ejaculated volume: 1.0 mL ©]*}o]
2. 92 712 A4 (&, morphology = 7]l 118lskA] @o.w, pyospermia <]
B FAA AF ARE F AAR] A 2 T7He) A olH,
3. a b, == ¢ F g Mg e et AL
a. Sperm count : 0(Z#)720 x 10°%mL,(WHO 19999 %= Z & 7]1%¢ 100% =] %)
b. motility 0(Z2})750%(WHO 19999 % %5 719 100% U] qh)
c. Activity : 0, 1, 2
O AFEA7E =X vy 7S B 5ok gh

’

1. 20-6041

2. dAE dateE 9 2 dA AT e AgH o7 E WY Fd 3

3 thga o] AoHE HHEF 4 VT Ay T F(ANC) = 15 x 1071,
29 (Hb) > 85 g/dL, 4% 4+ > 75 x 10%L

4. T o] Aojx= AHe 7k 7% 4ER > 28 g/dL,

W F9 < 3.0 mg/dL, ol HOE O}Ul dol &4 (AST),&etd ofuj ol g4
(ALT), &Zald QA al 24 (ALP) < x A% 3HULN)

5. Al %3t v &(INR) < 23°= '@.9454% et A g1 7]E

6. 84 AwolEld< AAAAFULN)CZ Holv = 43 275

7.5 A2 A TS v E A= B oFAl (o], 4 L-
Chromifen &) &8 Al: 25 washout 5 XA 7]l gty A Xé 7}%.
8 MW A FolE A 4+
9. AFAIFAAGA ] BE SHES 57T oI 80| = A
@ A7)
@) E‘r% 715l 3

o
I3
b
ki
%
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[
I
o
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o
N
rflr
2

> 1o
i
x5

o r
>
B>
)
S

2 A} o] /\}a— 3) 7]%E Aol Rats
HAHo] = Al 4) FAF 2 5959 Al 5) Testosterone level

testis needle blopsy = /\] ?'53 sko] e %
o]
old A5 6) 2A4to] 3w

r
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96%8 (A4t 647, EetA BT 327)0] AAHEA S T 99t glo] dudh= Ae

D g9 AL 28 AAE AAHANRE VI A HS 45 ol AN 232 gAFE
&

gtk 2) ARAA PA PR e (h o AFFRPRA 7]

&
D oFWA, AFH wAAT
@ ww AT
® 9ok 2ol MAH AN BFFEE o
@ WrEel 93
WSl g A vtk B9 ks RAg w1}
O e (VI V2): Ao} AL, 2% 714k 209 Aol 74}

’

op

fu(e]
12
M
_&L_ll
[
U
o
fr
[-‘>~
ol

I

« o Hah, 2R AL ARHabE VIA H2 45 o)
0]
AN

O 3714 F (V3): B HAF 13]

[t
i
iy

>
b
N}
(L
o
o
2
o,

>
>

2L
il
fr
>,
ofo
i,

=
x ZF W9 window period + 4 A WEY AZF 7F 159=

HHE S8t A9 A9 (VisitlZ Visit2, Visit6¥} Visit7),
A4 2% o4, Ayl 37 olsk= AT Visitdd Visis o 3
| o3t Stk

“
o AAbE AR A D EAEE ATHA,
HAF HATE 2 HANNT

SEICE ]

H Aol A, AR7SAFFS @ A4

V6, V7): ol Al 325 A 2H o] AA HAx}

=3

] }\_"

T =2 v

CEENIRE

A sz gAE 5

A A 671 (V4, V5) WE7HA] Ad sk &, Ao 4 d5-

Sk 19 23], 13] 24, ob/AY AA 308 A TAFHE@ g/day, S ES 3g/Y;

A w=Ato]= Rgl + Rbl + Rg3 55 mg/g ©]4 &)
EYAEG 1Y 23], 13] 274, of3/A9 2+ 3
AAZIE 4 B EeAR AES 24730 AT
@ AAHEH
O AFAA 524 ICD; Informed Consent Document) 3
A= AAHEAE Aol AA A7 AT M
A AT AR A A EAIF Fho] A& oAbl TR S

!
e vz 493 A ddl olF TRk AL
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3 ez A% AF F olge 016116}5% geolats A
wol e} AAge] weh A7

d el A& oAE vAl dW B
o]a}7] o] Mol & golE ALg3}

ol slrh ICD7F A= A
of AT gRre] QA4 A
o X]—7]' 1A AL Hel =k
1

=99 g oog

Fd_‘a&’

e I T M R
Astatr] Aa Agagnh ATAE 4 AFHIF AEF BP SME
fged, d7dE R AAASAAAIN ¥4 UAGY % o

ok

>
o
e
i
2
)
e Ho U2 d

ot
2
o
lo
of

O raEy WE L AT WE o]

QA GA G ol Aw FoAd AN 2 AEE Folsgh ~
22y WEE gl S5t AR ZBR-S001T) FATH, FANE we &AY

2 Folstgith ATUYA MEE 2aey AAE APse] B AAA§AF

FOAARA Agstn BeEs 48 445, 23 B A HF SaEw E3)

2

EAUE Eagugetel Folstgith. AT YA WEE /%ol -REA FAe
Z(BRROIY) AT, £AE Feld dpdael £4% tehiel 001712077
dE gtk 7 dRgAd A old AThAA wEE QA ge] By

W”}X] AT IAE QA= AT UdA A ¥ A= (subject identification code) 2 A}
&3ttt
Z1Zeko]: (p. 14 JAAAEAIH AA 713, AAALR, FEAF A2, AldGSE, #
2 AL S5 Fx)
O Wy 9 okF Fojyg XA}
AFHAAZE Fol Mol e A FolA 10 o]Wol 7HA L = A HHS el
stal, FHEl71 5419 e Hol Ao 7| Estth AA A LA 7|ZF F<F Agko] A&
o2 WASAY wWHdgto] AlFY|ZF U %Lﬁ]r% o= o]k ow HFEtn
7153ttt B BE HEokEe &Y, £ T4V & AAS VST

O A AHA}

AAAARE v Wt Al SASHAT. AAHAAE wvbE SA-SstE A F - (Visitl

Visit2, Visit6¥} Visit7), 7 W& Alole] 142 HA 25 O]’% itﬂ 37 ol3lzE 3
3

AL, Visitd¥} Visith ¢ A-$ FHA 25 o)A
vt A48k I (Visit3)

1592 sttt AAM S v 2
A AHAL Volume, sperm count, TMSC(total motile sperm count), motility,
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CASA(VCL, VSL, VAP, ALH, LIN, BCF), Strict morphology, Vitality, pH

FEEAAE 1247 o) FEgEelA Adete] ZHstgom, AAN AEe A
F A7lsde. AEEe bt g

T2 HGAE Testosterone, E2, FSH, LH, SHBG(sex hormone binding globulin),

kv

o AEA
gre] A HAEA, 7] A 2 g2 4 AEAE FAF e, 2AEES
o3 7

ol A HEX(SF-36; 36-Item Short-Form Health Survey)
7] 5 A EX|(IEF; International Index of Erectile Function)
25 =4 AEX(FSS; Fatigue Severity Scale)

FE A mhoh 4l olR el shgith 94l Al UF(Visitd, Visits) $EAA 23
A, ©, NG 9T 49 ZrEDd 0 gA4E dddgon APeAE
2 AFHAL. 24 Bt 2

Al ALl of7] A, AR ol%, A, obE Bg oy

O DAZ deletion/ SpermMar IgG test
AR gAES] AA G, EE HEEE QA 2% FHAA Lol g E AL,
FAG42 AV dE beAdel Advkar ARV Ads= 9, DAZ deletiono] Y

SpermMar IgG testE E3lA GAA o] 2 A= JelE AASHA T

Lo

FAHAE 12 A7 ol FRAUANA FeF 5 FUelA APstel e FEL

Lymphocytes, Monocytes, Eosinophils, Basophils

Chemistry, LFT: BUN, Creatinine, Albumin, Total bilirubin, AST(SGOT),
ALT(SGPT), Alkaline phosphate

Coagulation: PT, PT(%), PT(INR)

s
o

T
oo
2

o
9ol AF IR Fe d3k wE d s 3
25 Soto] gt o] ARtS ZAbdl= HEY B A, ofdRkEe] Ar H
A3}, QA EAHEA T ddsto] A 22 B JAAHEA DA EFIS 1
A, ol dkgel g AmdF g E Fo] TG
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. 194
Aabd A wel 2449
A AT AT E 12011 2|314|5|6|7]8|9]|10[11
AT A E5 B0 AT ey
- TAFEE 2 T AYEY (in vitro)
EICEN P
=X ] =]
kros oy TE T E A A e ——
_ . A 0 = = 131
@_ IE,}'/KQ li}f%] /\]E—- T =EFEE
A AE el R =3 a3 T AT
g8 uy| (BA%E zagssd ez NG
£ EANESH A4 % AALEH 24D
=3 = =
FHS 5% Wi AR ¥ A7 52 #e
- |
- FANFE EFE 2 AT A4 5
AEEd BFE 2o, 24 AAAT A4
|
($5 3 P2 #A)
[A18 %] T4 HAH3 @ cGMP 7% ¥4 &9
wa = n|  (PC BHWA/ZAGE/FA7)E, I
= g alert plan, SOP &9)
H Xﬂ‘—‘—o [e] - =
wAs e A7
49 9 3
o v AE=d 22 % GA, dossier #H7d
T ELE 4574 VAE, A5
A (5ot F3E, OFEARY 5)
AEe] oA A A8 FH: real time %
st =7 (ICH guideline, 6714 ©]4H)
A7 A4 A4 (WHO ®x 712 we] 4
AARZ, FIAZE 7 HA)
I N e e m——
o 4ol = LH, testosterone, SHBG, Inhibin B)
= _° = =AY A W o ZAF: CASA(computer aided
&% 94 sperm analyzer), @172 3 A4 2% w71 A |
oA M w2 3 Ao oxidative stress B 7k
o= AEA 2} (H9 A A%, =% B} A4
: ez I
QAR AL Q4 AT AR A BA ——
o A3 A
[A1AF: 25 Z4e] AABAE? 2 /A &5 2 71A 7]

1. In vitro

1-1 34ks ¥ 549 mRNA

1-1-1344k st 4
(100 mg/ml) <]
dHFS AT Mouse)

49

- LA E S dF KRG
ol &t ATE fle) kst gl dejshs 8 & mRNA
AR AEQ GC-2spd AEF| FHikskF2 600 pMS 14
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A2 sk A% PRx3, PRx4, GPx4 % GSTmb5e mRNA @ o] folstA 7Hashalow
KRG AA gl lojA= #Habkstapiol ok kst 49 mRNA od = 7HAa7F gizxa
FFEoF Folshl AR AUS FUTHp<0.05).
PRx3
S LadE -
PRX 3 . ;
4 R 1 T
14 4
ERHON
FRS
GSTmS _ e
150
1.0%
i BRI F AT S S S ——
100 pgienl Cientiol i sedsd  HAOd+ R
GPx4 GSTs
X 456 "
450 ........ I ........ i A5 I
oo 33
A - 150
H i R |
500 . T —
R U
230 -
2
206 -
N 1.2 4
{66 14003
55 4.5 -
Control HIOIseould  HIMIEEY Cumsteed Hicrasiphd  HIDIHEY

Fig. 1.1 #}438F 2 =29 GC-2spd cellsdl 1o} F43 a4~ mRNA 2o m A&
KRG9 &3. GC-2spd cells were treated with KRG (100 mg/ml) for 3 hr before the
exposure to hydrogen peroxide (1 hr, 600 mM). © ¥ Significantly different from the
control at p<0.05 and p<0.01, respectively. “**Significantly different from H>O, at
p<0.05 and p<0.01, respectively.

3 Leydig cellél TM3 cell lined ZA$ #AkslgZo] o3k
GSTmSoN A ml§- wzatA velys vbd KRGE olE 413t a 49 mRNA @3 % 24
of &S wAA] K= AoZ YET

fo
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PRx3

130 -
EE
i R
3 -
XTI
% LETE Pl ¥
asts [ '
148
S — E— A b - e -
B bl 103 kgl Sontenl Hrg sndphd M3 EX
GPs4 GSTd
A 8
G B, - 3TV S
S 160
ER )
"4 :ﬁ{} .
235 -
t LE
396 - ;
1.5 -
150 4
146 FIRALEE
A IO )
Lot et HIlT siiphd Hids EX Cupdral FE MR TR RTINS o WS W v

Fig. 1.2. #4854 =&" TM3 cellsdl o] F48 T4 mRNA Hdo] wX =
KRG9 &3, TM3 (Leydig) cells were treated with KRG (100 mg/ml) for 3 hr before
exposure to hydrogen peroxide (1 hr, 300 mM). T Significantly different from the
control at p<0.05 and p<0.01, respectively.

Sertoli A2Z<Q1 TM4 Aol QlojA = #Hibkstei 450 mM A 7F GPx4, GSTmS %
PRx3¢] mRNA #d o] ¢S mAA e Aoz ey KRG &35 ##3d + §ldl
o 28y MTT assaye §3ll A A3 3ikslri A8 F%7F 500 mM o] o2 A
& A TM4 A2 540 Yeld o oo ie=Eze A & gl

_33_




PRx3

5
e 3 - i b T
s X
GEX 4 3
e 3
rETms 1
CiAPTOFE e
Crematred FEzoanasudd HEOXEENY
h > . s
GPX4 S Tm3
X ‘::.4
T
15 - 1 5
1
3 1
1%
s o
-
1 :
1L P
o f1 %
MU . . S T T -
Cledabresd FE ORI T TECE BX Clogarrod T T 430 i

Fig. 1.3. Z4tsle4o =¥ TM4 cellsel o] #4334 mRNA 23] vX &=
KRGS & 3. TM4 (Sertoli) cells were treated with KRG (100 mg/ml) for 3 hr before
the exposure to hydrogen peroxide (1 hr, 450 mM). ' Significantly different from the
control at p<0.05.

1-1-2 AAARAY #d @8 d o] mRNA T F XA

GC-2spd Al 9lo] T2+ pathwayel AAAA o 1@ mRNA W& AR
o)X= Fig. 1404 B vpef o] #iksta4 600 mMel| 93l inhibin-a$} nectin-2 X
el gle Aoz yely KRG a3+ #Es = gl

S
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Inhikbin-o Nectin-2

: 1E
: - -
ToE = L
. s
L o
L |
43 o I
aE - : |
: ' |
P I
0 m:roi EEJ:” ¥2 CUHiEs HEx2 X
fisdnaid DELE LTS

Fig. 1.4. #3340 =59 GC-2spd cellsol 9] nectin-2 % inhibin-a mRNA
o mX= KRG &3, GC-2spd (sperm) cells were treated with KRG (100
mg/ml) for 3 hr before the exposure to hydrogen peroxide (1 hr, 600 mM).

7

ol

H, TMS3 cellsell i = H2Eska4 300 mMeoll 23] nectin—22] mRNA & o] &
A3 ZFAadtE wbd KRGE 100 mg/ml, 3A17F A 2ol ¢ &) nectin-29 mRNA 23 = 7+
25 AASHA Xole Ao = YEhy

Nectin-2
193 -
Neetin-2 - [ R I
GAPDH 05
Somtral o L
£t [ S EE R Y B

Fig. 1.5. JAgdF 42 =5dH TM3 cellsd] 29 nectin-2 mRNA 234 HX=
KRGS &3. TM3 (Leydig) cells were pre-treated with KRG (100 mg/ml) for 3 hr
before the exposure to hydrogen peroxide (1 hr, 300 mM).

= HE T of] mhlbm*a-J mRNA W& e 49 3
dAA3] Fast vhAH KRG AAg = FdF FAE LolshH] Eale= Ao
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MNectin - 2

m_._..‘-—_‘

{rAPTIE

i Bty A E
AR ke 100 sl
Nectin-2 Inhibin-«
. &
W i I
T .
_ . i
as . [RT
i | b=
-
Comral HIGIIA BX Contred H2OT4S0A HROIEEX

Fig. 1.6. #4344 o] =ZF8 TM4 cellsel 8¢ nectin-2 ¥ inhibin-a mRNA &&d
o "W X+= KRGS &3, TM4 (Sertoli) cells were pre-treated with KRG (100 mg/ml)
for 3 hr before the exposure to hydrogen peroxide (1 hr, 450 mM). ¥ Significantly
different from the Control at p<0.01.

1-1-3 A 32 receptor®d mRNA &gz ZA}
13t AE Y AZEE receptor® mRNA &

TM3 M ¥EE o]&3to] 272 KRGE 100 mg/ml &

AF=+S 7Fse] mRNA e #S =43t Fig. 1.7

o A ksl Aol o3l 3714 T2 FE&A wde A (p<0.05)% HHE, FSHRS A<

3 AR¥ LHRS @& #® 747 KRG Aol 98] FosiA s&Exs Aoz Jelyt

(p<0.05).

zZAe7] 95kl GC-2spd Al 3 9F

2A1 7 Al & HAks AR 1A%

A UERE vke} 2ol GC-2spd Al
2

Eij
T
=

Foé kU o

ol

LHR

—H

FSHR i
LHr :
GAPDH .

EX
SO0 pM 100 pg'ml

—

Control Hz0z 600 pM EX
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AR FSHR

15 - o
I35 -
1 -
1 -]
0.5 - 0%
) 1]

Control  Hz02 600 M EX Contral  Hz0z 600 uM

1
[ 3¥]
i

HH

-

Fig. 1.7. 32340 =&9H GC-2spd cellso]l 9o A ZEE receptor L& 7
X+ KRGY #&3I. GC-2spd (Sertoli) cells were pre—-treated with KRG (100 mg/ml)
for 3 hr before the exposure to hydrogen peroxide (1 hr, 600 mM). “Significantly
different from control (p<0.05), "} Significantly different from H.O, at p<0.05 and
p<0.01, respectively.

TMS3 cell line]

3 | gk =4 ut © w7k 3

W FSHR® mRNA @& fade &S vAA Xshe Ao veylth AR 4+
KRG AAg ol oa #atsteEiz of7]H= AR mRNA 2% a7t gzxed F30%
AA 3] 3] & D}L APA S Zkth (p<0.01). ¥HH FSHRO glolA s vl 2 3pakstg2o] 9
a7t of71E A= @keyt KRGE 8419 mRNA Hd &S A A3

3] mRNA 23
7

EEd
/7= Aem UrE‘r"%U‘r(zKOOI)

AR —— -
FSHR - e ——
GAPIDH = 0= £
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AR FSHR

25 I I 25 I
*
2
1 15 T
L
1 l -
03 035
] T T d 0 T T
Control H202 300pM EX Control H202 300pM EX

Fig. 1.8. g5 20] =58 TM3 cellsol] 9] A T2 receptor T H =
KRGS &3. TM3 (Leydig) cells were treated with KRG (100 mg/ml) for 3 hr
before the exposure to hydrogen peroxide (1 hr, 300 mM). *Significantly different
from control (p<0.05), ¥ Significantly different from hydrogen peroxide (p<0.01).

2=
ol g

¢

TM4 Al¥xe]l A5 F2arE4 450 mM Aol 98] AR mRNA @3 =S 743

A= g AS wWoldhx] Bt Ao ® ekt FSHRO mRNA

o—"r% 23y FU7Fsd o KRG #AAE = Hrtstrid 9 F7Fe FSHR mRNA
Z 7

Control H202 EMEX
430ul1 100we/ml

AR FSHR

—
-
i
-

(=)
i

Control H20z 450uM EX Control Hz0z 430uM EX
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Fig. 1.9. #4354 =&dH TM4 cellsol o] 4 EZEE receptor & dol| HX &=
KRG9 =3. TM4 (Sertoli) cells were treated with KRG (100 mg/ml) for 3 hr
before the exposure to hydrogen peroxide (1 hr, 450 mM). ' Significantly different
from hydrogen peroxide (p<0.05).

1-2. LA F2L ratell o] 18 7|5 3 KRGY W] &3

1-2-1. F4+3 #d g2 mRNA 2@ F A}
A -k 3| Z (A AL, Sertoli, Leydig) Ao W3k KRGS o] &3 Ad+E 938 &
Abstol] #oet= T2 @49 mRNA HHHFS AR Y. JREAM XS GC-2spd cell lined]
oxorubicin 500 mM E XA §2o]3 7FA7F BARE A Lol dotA A AR A
Aol tist 34 FEE9 Wo] a3= 2AE F gl GC-2spd cell linedl] lof &
3} @49 mRNA 2dIFS AN F e 55 ZaA doxorubicin®] & &%
500 mM o]t o = Fojs] Hort AAl G3FS HAA e ASZE e o] g
7= DMSO9 &3 A7l doxorubicing DMEM Hj#|o] #7}& AdA o] e =
S Hx &7 WEoz AztEtt A2 doxorubicing 500 m F o

e
(@)

fu
Ay tlo

= o W
o
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.
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o Aeld B

A ek v A FEWHoel doxorubicin YA} FFdt= AL &l

GPx4
i
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Control Doxorvbicin ZAEX L o el =
500N 100 pziml oot ong I :
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Fig. 1.10. &4 =% GC-2spd cellol A d4t3 a4 g4 w3+ KRG
9] &3, GC-2spd (sperm) cells were treated with KRG (100 mg/ml) for 3 hr
before exposing the cells to doxorubicin (500 mM, in DMSO). The band
intensities of PRx3, GPx4 and GSTmb5 were analyzed by using an NIH
Image] 1.410 package and normalized to GAPDH value.
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1-2-2. AARB A4 EE ¥ Z o] mRNA 23 F ZA
Doxorubicin®] =&%¥ XM EZ(GC-2spd cells)dl Aol AAAA pathwayol A F 4.
3l biomarker ©¥ A (inhibin-a, nectin-2)¢] mRNA & 2 oA Fo]3 Hal= 3
GAUTE oy s A A oA Awg vke} o] doxorubicin®] &= #HH
N a=2zh=

DA

Rl

Inhibin-a

GAPDH

Control Doxombicin Z2EX
SO0 pN 100 pefml

Inhibin-o Nectin-2

Cortrol I Doxo 500uM I EX Corntrol I Doxo 500uM I EX
Fig. 1.11 &¢A =% GC-2spd celldl A AAAAATAHA B2 2o v X =
KRG® &3, GC-2spd (sperm) cells were treated with KRG (100 mg/ml)
for 3 hr before the exposure to doxorubicin 500 mM. The band intensities of
inhibin-a and nectin-2 were analyzed by using an NIH Image] 1.410
package and normalized to GAPDH value.

2-1-1. AlF 2L Z7] FA SV vl A= 9%
Fig 21.2 »=#F < KRG Fol+ 7+ A3 A=A

AT =8l S7ketdon, A x b Fo8 S7F Afol= dEHA FAT
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Fig 2.1 Effect of Korean red ginseng (KRG) in body weight increment of
aging rats. The overall body weight of AC and G-AC groups from week
1-13 were shown. Each point represents the mean (n=20). AC: vehicle-treated
aged rats; G-AC: KRG 200 mg/kg b.w. treatment AC group.

2-1-2. =39 FAGFAF WA= £

Table 1.& Fel4h Wate 249 oz YC 18 vs) AC 1ol walysl 929,
Yo gol SashAl Ba® Aoz dehgou], ot wmak® A% 24U)F A dT
WAl gag Aow FEH)

Table 1. Effect of KRG on blood chemistry panel of aging rats.

WBC RBC HCT HGB PLT LYM

Group (10%/pl) (10%/1) (%) (¢/dI) (10%/nl) (%)

YC 931 £3.12 676 £ 032 3950 + 1.85 13.86 + 0.69 1023.33 + 202.44 83.63 + 4.13
AC 694 + 1.86 7.97 + 038" 38.78 + 1.43  13.84 + 0.53 868.00 + 133.80 63.84 + 5.01°

G-AC 6.59 + 241 7.59 £ 0.56  37.36 £ 1.90 13.51 + 0.69 903.22 + 336.08 61.49 + 9.54

WBC : white blood cell, RBC : red blood cell, HCT : hematocrit, HGB : hemoglobin,
PLT : platelet, LYM : lymphocyte. “*Significantly different from YC (p<0.01).

Table 2.& A@w® TEd 2 A4} AENSEA wato] 93] mAFo] FEHAT
= AAE o & AT (p<00D). olo] HlE FAFEE TN E A RE G2
gz AMEE Ao vept,
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Table 2. Effect of KRG in glucose and lipid metabolism analysis of aging rats.

Grou GLU T. CHO TG HDL - C LDL- C
P (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
YC 100.9 + 30.5 50.5 + 18.2 512 + 15.8 442 + 14.4 64 + 2.8
AC 149.7 + 28.06™  166.5 + 33.8" 154.7 + 68.3 87.7 + 17.0" 445 + 14.7
G-AC 138.9 + 63.3 1913 + 63.3 207.4 + 59.5¢% 84.0 + 20.0 48.7 + 245

GLU: glucose, T.CHO: total cholesterol, TG: triglyceride, HDL-C: high-density
lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol. *,~Significantly
different from YC at p<0.05 and p<0.01, respectively. ¥ Significantly different from
AC at p<0.05 and p<0.01, respectively.

35
[ Testosterone (ng/mil)

20 | FSH (mlIU/ml) ok

[

HLH (mlUu/ml)
25 >

20
15 -

10 I

YC AC G-AC

Fig 2.2 Effect of KRG on sex hormone levels in aging rats. AC:
vehicle-treated aged rats; G-AC: KRG 200 mg/kg b.w. treatment AC group.
“Significantly different from YC (p<0.01), ' Significantly different from AC
(p<0.05).

T2 IS el RozZA ACY testosterone $#S YCoF <] gt
2ho) = FIEE A gk}, o]of] Hkete] G-ACY| testosterone & ACTol W3] 2] &H
S 7 A TH(p<0.05). ¢+, FSHe} LHE -2 YCrol Hlal ACTolA dA3] F7st e
H(p<0.01), ol& w32 A3 AR A #H 7]Fo] AEER Q) FAd T2E FHE
ZXAA717] 918 v Ale] ®gA Aapel ddEn, old whs]l G-AC+ FSHeF LHe| &
g AT HEEJAOH(p<0.05) o= 4t FE=o] agke Ax A TleS S o
ol AAdA=sEEEe] 3 87 895 A | wjiolel Abm R 2y o]k AR
S THe] e A TE2E FE&A TEES A 287 dvka deEh

O
-~
N
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2-1-3. @4 1@ =YYy B3

Yo AT A ol a oy ARAE F GAAEY] F= FosAl A
A A M (Sertoli’s cel)7F 8 AA# FoME=2 HRHQoh 5 A5 F9lA
Aol oA E7E HAE L GeEEo] AMT WA AFHY e LA BEFHJoH,
T3E w3 AFEQAHFig 23 B). ¥, KRG7F AC 189 13 | A2 59 A3 S
¥3teto] A2 Ao Z AAEYRE Hol: AL #AHHJG(Fig 23 C). Avrt
Leyding celle] 2] U] AAHo=Z G-AC ZFolA 3 &H5HE= 3E AT 5 A

5
r

YC, AC, G-ACelA n3xx9 Festd 5442 Fig 239014 YetWith YC 259 1%
o] A Leyding cell, spermatocytes, spermatids, spermatozoa®] XQ&}A EFF o] =
Ag BHEHAG(Fig 23 A). WA AC 2FoAE AT oz AL=rt FoshA 7
axol ow FAT FIAEALele] AAA wS AR o] WE MRS} FAAEZ] (1A
wWolxd ta "olx e mYgo] #AHVE . A FU AAAE (spermatid)®] 5
o] & s A
Nl %)

ot

o A0

Fig 2.3 Histological analysis of seminiferous tubules in aged rats.
Representative images of tubular cross-sections of testis were shown. A:
young control rats (YC), B: vehicle-treated aged rats (AC), and C:
KRG-treated aged rats (G-AC). Sections were stained with H&E. The
images are typical of those obtained in five independent experiments. Scale
bar = 45 mm. LC: Leydig cell; PS: primary spermatocyte; SG: spermatogonia;
SP: spermatozoa; SR: Sertoli cell; ST: spermatid.

t2o] Az <, Sertoli cell, germ cell, Sertoli cell index®?} Z& AxAAAH
parameters < YC 5% Hluste] AC 7oA Tashe 3L &0 F AT
(#p<0.05). 18} KRGE AC w3 vugds uwf, =+ 4 (Fig 24 A), Sertoli cell (Fig

2.4 B), germ cell (Fig 2.4 C), Sertoli cell index (Fig 24 D)o #4E 3| &3t oz &
Zh =] Ao
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Fig 2.4 Histological analysis of spermatogenesis related parameters in aged rats.
SEM. (n=6), where #p<0.05 compared with
YC group, **p<0.01 and ***p<0.001 compared with AC group. A: sperm number per

The results are expressed as mean =+

tubule, B: Sertoli cells per tubule, C: germ cells per tubule, and D: Sertoli cell index.
YC: young control rats, AC: vehicle-treated aged rats, and G-AC: KRG-treated aged

rats.

2-1-4. =379 13 A4 AF(LPO)FH a2&A U KRG &%

YC, AC % G-AC 237l A¢ a8k 4bsto] gk KRG &3dE FQlstr] flaf, =97l
el AAF}Aa3E marker?! MDA (Malondlaldehyde), SOD, CAT, GPx, GR, GST
(Glutathione transferase)® x5 AUt (Fig 25). Fig 25 AclA K= A3 ol
YC 1wl vl&l, ACe] MDA F+2 =3lo] ot XA #}ikslrt F7ks Zlo= ey

AC ZFIM KRGE Fo43 2FM = YC 253 W3t AR 35dhe 4% Hilv
(p<0.05). SOD (Fig 25 B), CAT (Fig 25 C), GPx (Fig 25 D), GR (Fig 25 E) 121
GST (Fig 25 F)oF #2 &4 FAste] A9 AC 2wl Hlal FoatA #daste S

) /'\ ]
4 AAT (p<0.05).
459 X o
T 40 *
- B4 A # P T
88" ] % 35 2235
25 22 3 = 2 304
S >° 1 = # =
SBE | * T 2 25 S D25
T © 2 - = E #
252 - S E g=»
%E 7 ‘Dg 159 2‘15'
=21 4 = 104 10 4
£ 4 54 5 -
o - 0 0 -
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Fig 2.5 Effect of KRG on testis lipid peroxidation (LPO) and enzymatic

levels in aged rats. LPO was expressed as nmol of MDA formed/mg
protein (A). One unit of SOD activity is expressed as 50% inhibition of
auto—-oxidation of pyrogallol/min by the enzyme (B). One unit of CAT activity
is expressed as pmol of H202 utilized/min/mg protein (C). One unit of GPx
activity is expressed as the amount of enzyme that converts 1 mmol of GSH
to GSSG in the presence of H202/min (D).
expressed as the quantity of enzyme which catalyzes the oxidation of 1 mmol
of NADPH/min (E). One unit of GST activity is expressed as mmol of
CDNB utilized/mg of protein (F).
S.EM. (n=6), where #p<0.05 compared with YC group, *p<0.05 compared
with AC group. AC: young rats; AC: aged rats; G-AC: KRG treated aged
rats. MDA: malondialdehyde, SOD: superoxide dismutase, CAT: catalase, GPx:

GR: GST:

One unit of GR activity i1s

The results are expressed as mean =+

glutathione

peroxidase, glutathione reductase and

glutathione-S—transferase.

2-1-5. =367 13 H9 v agsx
GHS, ascorbic acid, a- tocopherola
AC ZwdA FHaste 43S A4 (Fig 26.).

KRG7} 4F8h4 53] 9] 3] 2] E—g—a 3 ok AL A0

A gkt digk KRGS &%
Xl HlEAs s

H] 8,

T %ol

A B C
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N
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Fig 2.6 Effect of KRG on non-enzymatic antioxidant levels in testis of

aged rats. (A) The amount of GSH is expressed as pg/mg protein. The
amount of ascorbic acid is expressed as mg/g wet tissue (B). The amount of
a-tocopherol is expressed as mg/g wet tissue. The results are expressed as
mean * S.EM. (n=6), *p<0.05

compared with AC group. YC: G-AC: KRG

where #p<0.05 compared with YC group,

young rats; AC: aged rats;
treated aged rats.
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2-1-6. =3 # 9 13 proteomed £ L EA

gl e AC, G-AC 159 8o F53% 3L, silver-stained 2-DEZ ﬁﬂé}&du}. zr
O Hy dAES AC 259 45 825 %, G-ACS 4% 766 % = YEN E]’

2.7). 900717F W& Ty oAl 3-109 pHe 14-180kDa2] =S 713 "z So] 747

[e)

Fig 2.7 Representative images of silver—-stained 2-DE gels showing the rat
testis proteome. Aged rats were treated with vehicle (A) or administered 200
mg/kg body weight KRG (B) daily for 6 months. Proteins were subjected to IEF on
IPG pH 3-10 NL strips and then separated by 12% SDS-PAGE. Arrows show
protein spots in which expression is altered in G-AC groups relative to AC groups.

The images are typical of those obtained in four independent experiments.

ol &, AC 1F¥ wuste, G-AC 1§ 117 @ud @d (Fig 2.8) o s Avin
™, calmodulin, PITP (Phosphatidylinositol transfer protein), FABP9 (Fatty acid binding
protein-9) 2#] 31 TPIl (Triosephosphate isomerase-1)< A&¥H = RS H$3, GSH=
sty = EES 2o (Fig 29).
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Fig 2.8 Silver-stained 2-DE images showing total altered proteins in AC

versus G-AC testis of rats. The arrows indicate differentially expressed

proteins. Aged rats (AC group) were treated with vehicle (A) or administered
200 mg/kg body weight KRG (G-AC group) daily for 6 months (B). Proteins
were subjected to IEF on IPG pH 3-10 NL strips and then separated by 12%

SDS-PAGE. Arrows show protein spots in which expression is altered in

G-AC groups relative to AC groups. The images are typical of those

obtained from four independent experiments.
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Fig 2.9 Silver-stained 2-DE images showing up- and down-regulated

proteins in AC versus G-AC testis.

The arrows indicate differentially

expressed proteins. The numbers indicated in the gels correspond to those in

Table 1. Statistical analysis was performed on gels using PD Quest and the

results are expressed as mean * SEM. (n=4), where *p<0.05 compared with
AC group. AC: aged rats; G-AC: KRG treated aged rats. White bars, AC

group and black bars. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)

tHE A< peptide ME, ME WS, o224 = LdEH

A7} Swiss-Prot?} NCBI database oA #|-&3F+=
FABP9, TPI1 ¥ 2 d@d=2 AC 273 4l

A
HSE Table 3. 9

pl¢t MW s =

[oi3
=
2} %

Ea=

[}
3

],

EEER

2ttt PITP,

a3l G-AC w9 aghell M F7hakslar,
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o

ADRIOIAM = ZHashs 43S B

Table 3. The Altered proteins in rat testis tissue identified by
MALDI-TOF/TOF.

Protein pl/Mr
. . SC (%) (kDa) Accession No
No Protein Name Peptide Sequences /Score Theoretical /Data Base
(Experimental)
0008  Chain M, Crystal VFDKDGNGYISAAELR 10/79 4.09/16.5 2152695360/
Structure Of Apocam %) NCP62161/SP
Bound To The Gating
Domain Of Small
Conductance
Ca2+-Activated
5303  phosphatidylinositol AWNAYPYCRHVEAIYI 10/112 5.97/31.8 2i|8393962/
transfer protein DIADRLFTNFHR (/) NCP16446/SP
5304  aldehyde reductase 1 AIGVSNFNPLQIER 4/41 6.26/35.7 2i|6978491/
(5.54/34.0) NCP07943/SP
6008  fatty acid binding LVSSENFENYVR 9/31 7.63/15.0 2112408304/
protein 9, testis () NCP55054/SP
7209  triosephosphate LPADTEVVCAPPTAYI 8/48 6.45/26.9 2i|12621074/
isomerase | DFAR () NCP48500/SP

Protein spots were quantified in testis from AC treated with vehicle or KRG.
Increases or decreases of at least 1.5-fold in three independent experiments were

considered significant (p<0.05).

2-1-7. =3 F A A=HE mRNAY 2@ 3+ KRGY &%

otAl PITP, FABPY, TPI1 12]il ADRI1o] =3} A o] #Hosith= AL S ntgdo= 1%
o] olsk 429 mRNA & HFS elst7] 9)a) RT-PCRS AAstath (Fig 2.10).
Proteome®] Z 3¢} uhz71A 2 PITP, FABP9, TPI1# 2o §HdaE= 138k A3l ~E{
25 T7MN7IE AC 274 dAlE= ddS Flstdnh A=A A =g fFo4<

s Btk (Fig 210 A). 2422 ADRIS w37} @45 F7bsted, G-AC 172
A5 FAaske 43S B (Fig 2.10 B).
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Fig 2.10 Effect of KRG on confirmation of changes in mRNA expression
in AC and G-AC. (A) Total RNA was extracted from 50 mg testis tissues
in aged rat and reverse-transcribed for 50min at 37C. The aliquots (200 ng)
of the RT products were amplified and were separated on 2.0% agarose gel
containing Et-Br by electrophoresis. The intensities of bands were analyzed
using an NIH Image ] 1.45s package and normalized to GAPDH value. A:
mRNA expressional levels of up-regulated genes, PITP, FABP9 and TPI1 and
their corresponding quantification data (upper right panel). B: mRNA
expressional levels of down-regulated gene ADR1 and its corresponding
quantification data (lower right panel). The results are expressed as mean *
S.EM. (n=6), where *p<0.05 compared with their corresponding genes,
respectively. AC: young rats; AC: aged rats;, G-AC: KRG treated aged rats.

2-2. 394 (doxorubicin) =% ratd 18 A v X+= &%

2-2-1. 113 AE 3 A {2 doxorubicin A FoF XA}
2 Ao oA rate] 18 AEA 545 oF7]ek= doxorubicin®] A FoAF S XA
8 A HAPgoem F Hupy FdEste] wiEld 05, 1.0, 20 mg/ml/kg b.w.9
doxorubicing T+ 13|, & 83 &HZ}FA} st9t}. Fig. 2119 Als gz 9 bHvke] HA
o] Hit AToz Yeld Ao zAM Controlr2 AT F7kol 7]15o] glo] 8F A% I3
T7hehe ¥dE dudlloy doxorubicing Folite]l A9 duwbH oz gizate] HlaE AF
7P FAF-EA R AAEHE A2 Ueyt 53] 2 mg/kg bow. T A5 6
THE AFo] dAs FrhshA ket om "ol AFoA = A 2L oA 54 Hhgo]
YeElyE 3og Hol Fojo] At oz fAueldrt 8, 1 mg/kg bow. T 7ol A
= UEzT gib dAS AlF 7 JAVF BEEJA o} 27T ok ooz A 54
HEg-2 YElUA ez B Ay s H54AFH[L19 Fo#E 1 mg/ml/kg bw. 2 3

At

= O

[e5
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Fig. 2.11 Doxorubicin & o & rat AF ¥}

2-2-2. Doxorubicin =% rat® ¥ SAd 3 KRGY %o &3

O AT S7H&dd vA= &

Doxorubicin % 113 Ao tjgh Z4ke] ol 35 B7] & st

FE=E Foo2 100 mg/kg b.w.?} 200 mg/kg bw. F 1502 3t
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Fig. 2.12 Effects of Korean red ginseng aqueous extract (KRG-WE)
on body weight increments in doxorubicin (DOX)-treated rats. The
overall body weight of CON, DXR, EX1, and EX2 groups from week 1 to 8.
Each point represents the mean + SEM. (n = 7). CON, control;, DXR,
doxorubicin alone; EX1, Korean red ginseng aqueous extract (100 mg/kg)
plus doxorubicin; EX2, Korean red ginseng aqueous extract (200 mg/kg)
plus doxorubicin.

2-2-3 Doxorubicin =& rate] 8% HAZ=Z2E FF v X= KRGY &3

Table 5914 X wlel o] Z=AFH[Ao] =F% rate] 49 testosterone, follicle
stimulating hormone (FSH), luteonizing hormone (LH)9| &% o] F9 A A3t
(p<0.01). o]e Hkslo] KRG Fol+t, 53] 200 mg/kg bow. Fool = HAFH| Al 23k
Az aiol a7t F98HA BB At (p<0.05). Estradiol®] 7$- HA4FH]4l Fojo] os
At A #Fast7le sty AR Aot FAA FAdS EE2T & gldTh o] wEsho

AN
KRG Folae HAFH A Fofo ofs] FHAsh= estradiol 3dS 3| HA7]= Aow e
Sou SAFHA dEFolae] Agh ok Mo Q) FAY Folds dEEA Fdvt
gy s=AYES Foke] 26 S ¢ e A2 2T o dF A

orQled o =
skafol] gk Erdo]l opr|EH A4 FEE, 53] 200 mg/kg bw. FAE 5 A
= Apaeln,
Table 5. Effect of Korean red ginseng aqueous extract (KRG) on sex
hormone levels in doxorubicin (DOX)-exposed rats.

Gr Testosterone FSH LH Eatradiol
(111}

. (ng/ml) (mIU/ml) (mIU/ml) (pg/mL)
CON 4.63+0.74 17.24+£3.26 21.56+3.67 4.26+0.85
DOX 3.25+0.98* 12.25+1.41% 14.69+2.56% 3.48+0.76
EX1 3.82+0.87 14.21+1.62 18.54+3.62 3.8540.66
EX2 4.16+0.74" 16.64+2.32" 19.26+2.49" 3.92+0.82

Data are expressed as mean = S.EM. (n = 6). ¥ p < 0.05 compared with CON
group. *p < 0.05 compared with DXR alone group by Student’s #test and one way
ANOVA using GraphPad Prism version 4.0.

2-2-4. Doxorubicin =% rat®] g xF 3 LA v X KRGY &3

Fig. 2.13°] YEldt nie} o] HAFH|A gy Fo7(DOX)S =l CON9 vl
ojd L gloy 13 FAVE Aast Aoz vEpgon, KRG F97(EX], EX2)dA & H4
FH) e 93] o7 E nEY Fud FA FAE FosiA A A E e o= B

& At
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Fig. 2.13 Doxorubicin =% rat9 18 % B a8 F Ao vlX&= KRGS &3

b &2e] AHEFAH HUEE Y8 cell necrosis, destruction of lobular Structure fatty
change, hydrophic change, t &4 %2 b Afsl/iH4ste] AxE AFgsdd. =, 08
(no lesions & fibrosis), 1%, minimal (<10%), 2%, mild (10-25%), 34, moderate
(25-45%), 4%, severe (46-60%), 57, extreme (>60%)°.2 A3} 3Ft). olgd A=
b 22 9 Wy ARRS Sto® AFstAE Ayt 7hsskth Table 69 WERS vb
o} o] zke] HWyxZ# Ao Ado] doxorubicin FolH(DOX)o A= AES I AH(cell
necrosis)= 0.9, FA3x9 I3 (destruction of lobular structure) 0.8, A|®Hr3-3Eo] WA
(fatty change) 2.3, =¥ (hydrophic change) 1.2% YWEFS 2™ (p<0.01), o]& T3 7Ho
£ AA3F Aee 5282 BEEHATG(p<0.01). CONTo 7+ 22 A U7t 2934
o FANMS FHoR AT WA o2 Wl (radial arrangement)stil A TH(Fig.
2.14). vt DOX2 dAs ®AdS HAS B9 olyeg; 2AMS FAHORE e AEY
WA wjdoe] dA A AAE AHAE E F AUk o] Hite] KRG Fof w(EX1, EX2)el
A= E%:—Er'—‘ﬂ] Al ‘45—%5044(DOX)°1V\1 HOH Axzae] sy MaEde] a4k s 2
AR s EFste] e A A Ee] A BEE MACA 9

% HAo™(p<0.05-0.01) o] T AL&F T EXIa KU
EX2w oAl Bt FostA MAds+ 23S Yedle o2 e
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Table 6. 5A2FH] Al

Destruction

of Hydrophic

Groups  Cell necrosis lobular Fatty change change Lesions
structure
CON 0 0 11 0.2 14
DOX 0.9 0.8 2.3 1.2% 5.2
EX1 0.6 0.3 1.7 0.9 35
EX2 03" 02" 1.27 0.6 23"

CON, control; DXR, doxorubicin alone; EX1, Korean red ginseng aqueous
extract (100 mg/kg) plus doxorubicin; EX2, Korean red ginseng aqueous extract
(200 mg/kg) plus doxorubicin. ¥ Significantly different from CON at p<0.01. ***
Significantly different from DOX at p<0.05 and p<0.01, respectively.

_53_



Sy oax¥: s
S

8.
% Al

) ol
ok -'ﬁ_-n.,ﬁvm A'Ql"

4
T IS

vy

Fig. 2.14 Doxorubicin =% rat9 7+ &3 ©@WX. CON, control; DXR,
doxorubicin alone; EX1, Korean red ginseng aqueous extract (100 mg/kg)

plus doxorubicin; EX2, Korean red ginseng aqueous extract (200 mg/kg)
plus doxorubicin.

Johnsen's scoring systemol] & A A Ao Aol A= A A Eo v x:= KRGS &3}
= ZAYEE A3 (Table 7) AN ZET 7ZF Johnsen’s scorex= 806 + 1.21¢0 HhHH
doxorubicin T Tl 626 + 0.87= FY3tAl AL Hp<0.05). A, KRG Fol+
£3] 200 mg/kg b.w. £ 9] Johnsen's scoret 7.72% DOXitoll Hl&] F2]3tA 7} A5 A
H(p<0.01).

Table 7. Doxorubicin =% rat9 HAAAA A 4(Johnsen’s score)dl H|X = &3

CON 8.06+1.21
DOX 6.26+0.87"
EX1 7.24+1.42
EX2 7.72+0.96™

CON, control; DXR, doxorubicin alone; EXI1, Korean red ginseng aqueous
extract (100 mg/kg) plus doxorubicin, EX2, Korean red ginseng aqueous extract
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(200 mg/kg) plus doxorubicin. " Significantly different from CON at p<0.05 and
“significantly different from DOX at p<0.01.

N
se 7 ay

F E 667N(1N/me)E BAF A SaFHA wEd rate] AAT 2
DOXol A AAF 150 vehsk ot AAE Aozt Aate] BAH fro)4
Skt}. olo whsle] KRG Folwo AA¥ A7) Btz 7o) 7}
2R ola oflHE AMT %S wolas Ao AztEY Haguil
ol AR Aste] DOXEHe BAA fode ©2d 5 A

52
v

Table 8. Doxorubicin =% ratd AAF =Z7|d "X &= &3

Group No of tubules Tubular size (um)
CON 66 215.6+49.5
DOX 66 195+56.2
EX1 66 226.5+46.7
EX2 66 211.9+50.4

CON, control; DXR, doxorubicin alone; EX1, Korean red ginseng aqueous
extract (100 mg/kg) plus doxorubicin; EX2, Korean red ginseng aqueous
extract (200 mg/kg) plus doxorubicin.

g, HEaFHN wEFH rat AAHe] AAE TR Qe HEE 592%E otz
75.5%0°l B3l F 20% #HAFTF RS & F AH(p<0.05). = DOXT A/ G A -
1.75 x 10°2. 284 AANEF(2.12 x 10°)9] 825%0 E3atHp<0.05). ©]o] wrale] KRG
Foliz 27 Fo] &% EFA Az g AAT vE, ARG/ AN BFAA 98
AAHANSS & 5 YATHP<0.01). 3], 200 mg/kg b.w. Tl AW AFE i
Fu] Al =EF S

£
N

a
1
rob

] B A3 Fig. 215904 B vpel 2ol CONT& =4
A WEAH DOXoll A= x2 o] &= o] Ao wjdo] loosed)al
ARt AMES & 4 Ak wbE KRG Fov SAaFraAlez ofyy = gk %23

A
2 ARAE AAAE D AZHAHZF)7F compactdHA WlEE BH5S AET S T} o]
g A= KRGZF 54704l o8 of7|H = n3AE 54E& Fosii Wwoldo=zs
A

14 ARG 75 e fANA FrhE ALS At

Table 9. Doxorubicin =% rat 238 %x 3 ARRYAY AFd vXE &3

Group i:; ul‘;fs % of tubules with sperm Sperm No (x10°)
CON 66 74.5£13.7 2.12+524
DOX 66 59.2+10.5' 1.75+384"
EX1 66 66.2+11.4" 1.86+391"
EX2 66 71.5+12.5™ 1.98+421""
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CON, control; DXR, doxorubicin alone; EX1, Korean red ginseng aqueous
extract (100 mg/kg) plus doxorubicin, EX2, Korean red ginseng aqueous
extract (200 mg/kg) plus doxorubicin. © Significantly different from CON at
p<0.05, “Significantly different from DOX at p<0.01.

CON - , ~ DOX

o R ST o g - - R,
Fig. 2.15 Doxorubicin *=% rat¥ _1_:¢:} 13} gHE, Sectlons were
stained using H&E (n = 6). (A) Control group showing seminiferous tubules
with normal morphology. The Sertoli cells show normal nuclei (inset;
arrows). (B) DOX-treated group showing severe germ cell depletion and
intraepithelial vacuoles (thin arrows). Displaced Sertoli cells from the
basement membrane (thick arrows) and abnormal profile (inset; arrow
head). (C-D) Seminiferous tubules exhibiting organized epithelium
containing spermatocyte, spermatids, and sperms. Moreover, degraded
Leydig cells were rejuvenated by EX1 and EX2 treatment and were
uniformly scattered through the interstitial tissue and the basement
membrane. Scale bar = 45 M. Lu, lumen, LC, Leydig cell; PS, primary
spermatocyte; SG, spermatogonium; SP, spermatozoa; SR, Sertoli cell; ST,
spermatid; H&E, haematoxylin and eosin.

2-2-5 Doxorubicin =% ratol o] & I23 §4 Fdo nX= KRGS 53

giks #E g4 F 1% 24 U SFEAR S-HolaA (glutathion S-transferase,
GST) 9 3thel GSTmHeF 1189 mEZ =g ol 1 ”a"?’ﬂﬂ~ PRx (Perox1redox1n) 9
3hupel PRX29] w7 243 Western blots 53 &913% A3 PRx39 4% doxorublcm
Fold @ vl Fo gt Afolo] WA FFe] Afol= Holx] ¢ 9} v, GSTmbH, PRx20 $lojA:=
AFH[A Fofofl ofF {9 (p<0.05)3k A FHAsEA o ”E FEE FoT 1“ & - -Jf
Ho g WHFS 3HEAT= Aom YBHtH(p<0.05). =3 RT-PCRE RNA & o] df
s &elst A3 GSTmb, PRx4o Qo] ZAFH| A Fodo 98] /2(p<0.0570.01)3HA #a
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Fig. 2.16 Doxorublcm == rat 13 gisags ddlld dd mx= KRG
9] &3} Protein expression of GSTmub, PRx-2, and 3 in testicular tissue was
analysed using western blot analysis. (A) Tissue lysates from CON, DXR, EXI,
and EX2 groups were immunoblotted with specific anti-GSTmub, anti-PRx-2,
and -3 antibodies. The internal control used was B-actin. (B - D) Quantification
of GSTmub, PRx-2, and PRx-3, respectively from three independent
experiments. Data are mean £ SEM, n = 6, #p < 0.05 compared with CON
group, *p < 0.05 compared with DXR alone group by Student’s t-test and one
way ANOVA wusing GraphPad Prism version 4.0. CON, control; DXR,
doxorubicin alone; EX1, Korean red ginseng aqueous extract (100 mg/kg) plus
doxorubicin; EX2, Korean red ginseng aqueous extract (200 mg/kg) plus
doxorubicin.

Grx4 N s amp 9

EDXR

e BEX1 T

GSTmS W cssss G essa

PRx4 TR e SN s

Relative abundance

GAPDH "D G 4 o

N\
§
\\

e

CON DXR EX1 EX2 ) GPxd GSTms PRx4

Fig. 2.17 Doxorubicin =% rat 1% 34884 mRNA 239 vlx= KRG
9] &3}, Quantification of each band was carried out with three independent
experiments. Quantification of each band was carried out with three independent
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experiments. Data are expressed as mean *+ S.EM. (n=10). Statistical analysis
was carried out by Student’s ftest and one way ANOVA using GraphPad
Prism version 4.0. CON: normal control;, DXR: DOX-treated control; EX1: DOX
plus KRG-WE (100 mg/kg b.w./day); EX2: DOX plus KRG-WE (200 mg/kg
b.w./day). *p<0.05, *p<0.01 when compared with CON group; ' p<0.05, ¥ p<0.01
when compared with DXR group.
2-2-6. Doxorubicin =% ratdl glo] AAAA #H &z 2de uxE= KRGY &3
Doxorubicin®] =%% ratel]l 9ol AZ 2 pathwayol A AR Ao #o]3}+= nectin-2
9} inhibin-aE @A FFoA] B FS A A I pectin-2¢} inhibin-a 25 2] 3H
A FTH(p<0.01). g, KRG Fofaol dojx e mAFH A FoZ of7] %= nectin-22}
inhibin-a2] Hd= F4E A3 JA(p<0.05-0.01)3FR . o]# 3+ T3+ nectin—2a2} 2b
ol Al v S dAA3A YERSTHp<0.01).
A

. Nectin-2
NectanB . e e ey G '4
ONectin-2 B
s D w— 35 .
3 aNectin-2 a T
Inhibin-a —_—
25 *
CREE "R e S s 2
. S . 15
B-actin " GEENS WE—— w— 1 i
05 #
CON DXR EX 1 EX 2 0
DXR EX1 EX 2
Inhibin-a CREB
€ 35 D 4
3 | 35 -
25 | 3
5 25 -
15 - al
1.5 -
1 -
1 4
0.5 05 |
0 T 0
EX1 EX 2 CON DXR EX1 EX 2

Fig. 2.18 Doxorublcm =F rat AAMAAEE 99 d Fdo) v X= KRGY
8 3}, Protein expressions of nectin-2 (a and ), inhibin-a, and CREB in rat
testicular tissue was analysed using western blot analysis. (A) Tissue lysates
from CON, DXR, EXI1, and EX2 were immunoblotted with specific antibodies
of nectin-2 (a and B), inhibin—a, and CREB. The internal control used was (3
—actin. (B - D) Quantification of nectin—2, inhibin-a, and CREB, respectively
from three independent experiments. Data are mean + SEM. (n = 6), #p <
0.05 compared with CON group, *p < 0.05 compared with DXR alone group
by Student’s t-test and one way ANOVA using GraphPad Prism version 4.0.
CON, control; DXR, doxorubicin alone; EXI1, Korean red ginseng aqueous
extract (100 mg/kg) plus doxorubicin, EX2, Korean red ginseng aqueous
extract (200 mg/kg) plus doxorubicin.

Doxorubicin®] =%% rat®] AAAAHTHE mRNAS
b o] AR sk A 7FASHA tH(p<0.05). ¢+H KRG
(p<0. Ol)OPMﬁE] Z A8 E biomarkersoll A A *mef— Q%
BH5S RA(Fig. 2.19).
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Fig. 2.19 Doxorubicin =% rat AAAAFH mRNA 2¢dd v X = KRGY
& 7. mRNA expression level was analyzed using RT-PCR. Quantification of
each band was carried out with three independent experiments. Quantification
of each band was carried out with three independent experiments. Data are
expressed as mean * S.EM. (n=10). Statistical analysis was carried out by
Student’s ftest and one way ANOVA using GraphPad Prism version 4.0.
CON: normal control; DXR: DOX-treated control, EX1: DOX plus KRG-WE
(100 mg/kg b.w./day); EX2: DOX plus KRG-WE (200 mg/kg b.w./day).
*p<0.05, *p<0.01 when compared with CON group; ' p<0.05, ¥ p<0.01 when
compared with DXR group.

2-2-7 Doxorubicin =% ratdl go] JZE2E $£84 L vx= KRGY &3

Fig. 2.20, 2.2114 H& vfe} Zo] ZAFHAE A5 =2 58 A (luteonizing hormone
receptor, LHR), A/ X253 2& 48| (follicle stimulating hormone receptor, FSHR) % &
a2 F&A(androgen receptor, AR) TdHE dAA3 A= Aoz YET
(p<0.05-0.01). o]ol s KRGE HAFHA Fo=Z op7|y= a2 584 ¥d IAs
AA 3] Wolsh= Ao UEYT SHER AMEE SA4AFH FoR gz 2R FEA9
o] A AbepAIH KRGE 27 A8 oA Atz ate] FFo= 3 5A
AS & T AT ol HFAFHA FARE oprH e dF U4 T2 3
HEol $4tol &4 ratell o] A 28 FE&A FAE JAEE 1A
of WstA HtgetEs LeofEthe Y FAE AT sl

i
N
fols

)=
=
1k BAE e drEn . 5 g4 Holdeds Byem
3}

s ez 9l

Aol o3l HE= =4S daltl NCBIQ gene reviewel ot 2% 2 9bd AIS 3t
A= 4-1078/100,000 0.2 EAstH o= A Q129 0.04-0.1%°] ddste= A olth. AIST
ofz] o} =2 AR5T £ Qe WHol glvke HAA TS AISE dW 2 A5 9
= g Ta% HAAZ oJofFolgt AlmH
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Fig. 2.20 Doxorubicin =& ratel o] AT =28 F&A dRF 23 7
X+ KRG9 & 3. Expression levels of receptor proteins including androgen
receptor (AR), follicle stimulating hormone receptor (FSHR), and luteinizing
hormone receptor (LHR) in rat testicular tissues were analysed using
western blotting. (A) Tissue lysates from CON, DXR, EXI1, and EX2 were
immunoblotted with specific antibodies against AR, FSHR, and LHR. The
internal control used was B-actin. (B - D) Quantification of AR, FSHR, and
LHR, respectively from three independent experiments. (B -D) Data are
mean £ SEM. (n = 6, *p < 0.05 and **p < 0.01, compared with control
group, ' p < 0.05 compared with DXR alone group, Student’s #test and one
way ANOVA using GraphPad Prism version 4.0). CON, control; DXR,
doxorubicin alone; EX1, Korean red ginseng aqueous extract (100 mg/kg)
plus doxorubicin; EX2, Korean red ginseng aqueous extract (200 mg/kg) plus
doxorubicin.

e -
AR FEE— E=——0 2 BCON
HEDXR

LHR N cweew BERED oo

FSHR TN SN ey e

Relative abundance

GAPDH D D D D
CON DXR EX1 EX2 ) AR e T e

Fig. 2.21 Doxorubicin =% ratel] ¢lo] AZE2E $8£3 mRNA 23 7
X+ KRGY &3. mRNA expression level was analyzed using RT-PCR.
Quantification of each band was carried out with three independent
experiments. Quantification of each band was carried out with three
independent experiments. Data are expressed as mean = SEM. (n=10).
Statistical analysis was carried out by Student’'s f#test and one way
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ANOVA using GraphPad Prism version 4.0. CON: normal control; DXR:
DOX-treated control; EX1: DOX plus KRG-WE (100 mg/kg b.w./day); EX2:
DOX plus KRG-WE (200 mg/kg b.w./day). "‘p<0.05, “p<0.01 when compared
with CON group; ' p<0.05, ¥ p<0.01 when compared with DXR group.

2-3. FE2EH 20 =& F ratd 13 EA "XE KRGY &EF

2-3-1 AF F7t&d "X &5
oA HE upep o] FEAEHAE TFS rat Adwrel vs AT TS
FolatAl A et a2y 15 3 aFd e 34 Fol f59 #Aglol
AF S7HES AAkrto] & vkt

300 -

100 -

KRG 100 mg/kg b.w.; IK200: immobilization-stressed and received KRG 200
mg/kg b.w
2-3-2. TELEH LS F-313 rate] L@FAA WA= &5 ]
TE5E 3 259 13 FA= GAdT vE] foEA Ekoy 2 O mg/kg b.w. 4
A E FEHEoRE gk 13 FA FAE FHA dAstE Aoz YERTh

Fig. 2.22 Effect of KRG in body weight increment of immobilization -
induced stress in rats. The overall body weight of NC, IC, IK groups from
week 5-12 were shown. Each point represents the mean (n=8). NC: Normal
control; IC: Immobilization control; IK100: immobilization-stressed and received

)

=
T
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Fig. 2.23. Effect of KRG in rat testis weight of immobilization—-induced
stress.

Data are expressed as the mean = SEM. (n=8). Statistical analysis was
performed by ANOVA followed by Duncan’s f¢test using the SAS ver. 9.1
(SAS Inc., Cary, NC, USA). NC: normal control; IC: immobilization-stressed
control; IK100: immobilization-stressed and received KRG 100 mg/kg b.w.;
IK200: immobilization— stressed and received KRG 200 mg{kg b.w. “p<0.01
compared with NC group.  p<0.05 compared with NC group. ' p<0.01 compared
with IC group. p<O 05 compared with IC group.

2-3-3. THEAEHLE H8 T ratd] FLFFA WAL w3
TE2 D e wask PAL Az wa folahl wa} g 4 R Ar T2
om A% B FA 2B folad oA Raie Ao vEhw

-

IK 100 IK200

Fig. 2.24 Effect of KRG in rat epidydimis weight of immobilization
-induced stress.Data are expressed as the mean £ SEM. (n=8). Statistical
analysis was performed by ANOVA followed by Duncan’s f¢-test using the
SAS ver. 91 (SAS 1Inc, Cary, NC, USA). NC: normal control; IC:
immobilization—stressed control; IK100: immobilization—stressed and received
KRG 100 mg/kg b.w.; IK200: immobilization— stressed and received KRG 200
mg/kg b w. p<0.01 compared with NC group. p<0.05 compared with NC
group. p<0 01 compared with IC group. p<0 05 compared with IC group.
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Table 10. Effect of KRG on sperm kinematic values of immobilization-induced
stress.

Average Motile Progressive VAP VSL VCL STR LIN  Elongation

82.67 + 25.00 + 3059+ 2177+ 7386+ 7043+ 3800+ 9643 +

NG 14.83 12.34 5.74 4.86 9.53 251 2.52 2.15
Ic 5§1.00 + 17.71 + 33.21 + 2580+ B1.31 + 76.86 + 44.86 + 99.00 +
8.00 4.79 8.49 3.92 20.09 12.82 14.84 265
K100 84.43 + 31.00 + 33.67 + 23.74 + 81.37 + 67.29 + 3557 + 98.00 +
13.45" 9.11% 3.13 3.18 8.99 5.71 5.26 191
K200 93.14 + 36.00 + 3390 + 2399+ 7524+ 69.00 + 38.29 + 94.71 +

5.27 6.737 3.66 2.49 6.93 2.65 3.25 1.607

Data are expressed as the mean + SEM. (n=8). Statistical analysis was performed by
ANOVA followed by Duncan’s ttest using the SAS ver. 9.1 (SAS Inc., Cary, NC,
USA). NC: normal control; IC: immobilization—stressed control; 1K100:
immobilization—stressed and received KRG 100 mg/kg b.w.; TK200:
1mmob1hzat10n stressed and received KRG 200 mg/kg b.w. “p<0.01 compared Wlth NC
group.  p<0.05 compared with NC group. p<O 01 compared with IC group. p<0 05
compared with IC group. VAP; average path velocity, VSL; straight line velocity, VCL;
curvilinear velocity, LIN; linearity = VSL/VCLx100, STR; straightness = VSL/VAPx100

. EY2E 5313 ratd EF AZdAd A= 2%

S o rate] S5 AQUYAMEE 7hedl TR A (triglyceride) &= T&H o2 Q&0

| Ao A4 Fo4(200 mg/kg bow.)& =
Wtk 71EF tiAREE O] QoA = frel st Aol 7F R E X kbt
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Table 11. Effect of KRG on lipid metabolism-related serum parameters of
immobilization-induced stress.

Group AST ALT ALP G GLU  TPRO ALB BUN HDL LDL ALB
s 9520+ 2940+ 40380+ 6680+ 16540+ 644+ 274+ 1956+ 2100+ 1100+ 274z
17.25 6.15 35.65 15.80 9.66 0.13 0.05 0.96 1.58 0.71 0.05

- 7580+ 2420+ 42340+ 4500+ 16380+ 628+ 272+ 2136+ 1900+ B860x 2722
867 3.19 54.62 15.98° 18.50 0.18” 0.08 2.00 1.41 v ALy 0.08
Kioo 6780% 2740+ 49580: 4600+ 16340+ 634: 272: 2174: 1940+ 880: 272:
7.50% 3.78 9566" 1037 10.24 0.21 0.08 291 2.19 1.10 0.08

+ 00+ 57. 7 . 2.68 + 22 = B0+ &

K200 10040+ 3660+ 40800+ 57.60: 1742 oi 640 + 68 =+ 68+ 1780+ 9.60= 68 +

44.69 1935 1230 21.76+ 1522 0.07 0.08 392 2.68 2.88 0.08

Data are expressed as the mean + SEM. (n=8). Statistical analysis was performed by
ANOVA followed by Duncan’'s #¢test using the SAS ver. 9.1 (SAS Inc., Cary, NC,
USA). NC: normal control; 1C: immobilization-stressed control; TK100:
immobilization—stressed and received KRG 100 mg/kg b.w.; TK200:
1mmob1hzat10n stressed and received KRG 200 mg/kg b.w. “p<0.01 compared Wlth NC
group. “p<0.05 compared with NC group. ' p<0.01 compared with IC group. * p<0.05
compared with IC group

2-3-6. TH2EH2E 3138 rate 359 vXE &7
T4 2EYAE F33 rate] 45 7Fed MYt FrF dA4% gAadte Aow
et on 34k Fole ol dAlsts Aow YR

Table 3. Effect of KRG on blood chemistry panels of immobilization—-induced
stress.

T WBC LYM RBC HGB HCT PLT
5 (X10%/ul) (%) (X10%/u1) (e/dl) (%) (X103/ul)

NC 9.21 + 2.60 7767 + 5.35 829 + 0.31 1751+ 020 45241 115 94433+ 17061

IC 615+ 127" Bl104 4+ 316 7.99 + 0.48 17.01 + 134 44 16 + 4.17 855217 + 16422

K100 659+ 1.66° 81444 7.17 822+ 034 1697+ 060 4509+ 128 939.67 + 304.66

K200 8.74 + 2.59 80594329 8555038  1786+086 4600+ 218 88140 74.60

Data are expressed as the mean * SE.M. (n=8). Statistical analysis was performed by
ANOVA followed by Duncan’s ttest using the SAS ver. 9.1 (SAS Inc., Cary, NC,
USA). NC: normal control; 1C: immobilization-stressed control; TK100:
immobilization-stressed and received KRG 100 mg/kg b.w.; 1K200:
1mmob1hzat10n stressed and received KRG 2OO mg/kg b.w. "p<0.01 compared Wlth NC
group.  p<0.05 compared with NC group. p<O 01 compared with IC group. p<0 05
compared with IC group. WBC white blood cell, Lym lymphocyte, RBC; red blood cell,
HGB; hemoglobin, HCT; hematocrit, PLT; platelet.

_64_




Forate] AL #H
7}-8d CREB®} inhibin<
A Hojsts Aoz

CREB-1 "

Inhibin-¢ “e— ——— - —

GAPDH wumme wmme WS SS——

NC IC IK100 IK200

Fig. 2.25 Effect of KRG on mRNA expression levels of
spermatogenesis-related molecules in rat testis.Data are expressed as the
mean = S.EM. (n=8). Statistical analysis was performed by ANOVA followed
by Duncan’s ttest using the SAS ver. 9.1 (SAS Inc., Cary, NC, USA). NC:
normal control; IC: immobilization-stressed control; IK100:
immobilization-stressed and received KRG 100 mg/kg b.w.; IK200:
immobilization— stressed and received KRG 200 mg/kg b.w. “p<0.01 compared
with NC group. ~p<0.05 compared with NC group. = p<0.01 compared with IC
group. p<0 05

compared with IC group.
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Fig. 2.26 Effect of KRG on mRNA expression of sex hormone receptors
in rat testis. Data are expressed as the mean + S.E.M. (n=8). Statistical
analysis was performed by ANOVA followed by Duncan’s ¢test using the
SAS ver. 9.1 (SAS Inc., Cary, NC, USA). NC: normal control; IC:
immobilization—stressed control; IK100: immobilization-stressed and received
KRG 100 mg/kg b.w.; IK200: immobilization-stressed and received KRG 200
mg/kg b.w. “p<0.01 compared with NC group. “p<0.05 compared with NC
group. ' p<0.01 compared with IC group. ¥ p<0.05 compared with IC group.
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Fig. 2.27 Effect of KRG on mRNA expression of antioxidant enzymes in rat
testis. Data are expressed as the mean * S.E.M. (n=8). Statistical analysis was
performed by ANOVA followed by Duncan’s t-test using the SAS ver. 9.1 (SAS Inc,,
Cary, NC, USA). NC: normal control; IC: immobilization-stressed control; IK100:
immobilization-stressed and received KRG 100 mg/kg b.w.; IK200:
immobilization—stressed and received KRG 200 mg/kg b.w. “p<0.01 compared with NC
group. “*p<0.05 compared with NC group. " p<0.01 compared with IC group. ¥ p<0.05
compared with IC group.
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Fig. 228 Effect of KRG on protein expression levels of
spermatogenesis-related molecules in rat testis. Data are expressed as the
mean + SEM. (n=8). Statistical analysis was performed by ANOVA {followed
by Duncan’s #test using the SAS ver. 9.1 (SAS Inc., Cary, NC, USA). NC:
normal control; 1C: immobilization—stressed control; TK100:
immobilization-stressed and received KRG 100 mg/kg b.w.,; IK200:
immobilization-stressed and received KRG 200 mg/kg b.w. "p<0.01 compared
with NC group. “p<0.05 compared with NC group. = p<0.01 compared with IC
group. ¥ p<0.05 compared with IC group.
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Fig. 2.29 Effect of KRG on protein expression of sex hormone receptors
in rat testis. Data are expressed as the mean * S.EM. (n=8). Statistical
analysis was performed by ANOVA followed by Duncan’s f¢-test using the
SAS ver. 91 (SAS 1Inc, Cary, NC, USA). NC: normal control; IC:
immobilization—stressed control; IK100: immobilization—stressed and received
KRG 100 mg/kg b.w.; IK200: immobilization-stressed and received KRG 200
mg/kg b.w. “p<0.01 compared with NC group. “p<0.05 compared with NC
group. | p<0.01 compared with IC group. ¥ p<0.05

compared with IC group.
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Fig. 2.30 Effect of KRG on protein expression of antioxidant enzymes in

rat testis. Data are expressed as the mean * S.EM. (n=8). Statistical analysis

was performed by ANOVA followed by Duncan’s #test using the SAS ver. 9.1
(SAS Inc., Cary, NC, USA). NC: normal control; IC: immobilization-stressed
control; IK100: immobilization-stressed and received KRG 100 mg/kg b.w.;
IK200: immobilization-stressed and received KRG 200 mg/kg b.w. “p<0.01

compared with NC group. “p<0.05 compared with NC group. ' p<0.01 compared

with IC group. © p<0.05 compared with IC group.
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1-3. 1 99 & 7|FE

& 71 - T4 H| 3L
1 | EAF & 0.95% "k AL A 114
2 | 71 A5(EHA) lem W RE A A
3| v FHE 170 5+ #Fe 10% 75t AL A T4
<711 - gk FEAA 71520149 =, AEAREA)
1-4. 5% ¥F 87 (%1 : ppm)
A& 71 & & 71 &
1 ggfglf};’g%{’) op’~DDT, p,p"~DDD, 0.01 | 36 | Buprofezin 0.07
2 | Metalaxyl 0.5 | 37 | Cyhalothrin(e]/d &A1 3) 0.05
3 | BHC(qa, B ¥ §-BHC 9] &) 0.01 | 38 | Flusilazole 0.07
Prochloraz(Prochloraz <}
4 | Aldrin & Dieldrin(Aldrin 3} Dieldrin ¢] $}) 0.01 | 39 | 2,4,6-trichlorphenol 7]1& 331 ¢+ 0.3
AR O] E)
5 | Endrin(Endrin ¥} §-keto—-endrin 2] 3}) 0.01 | 40 | Dithianon 0.2
6 ;arﬁzgizﬁff;‘;gﬁ) carbendazim 02 | 41 | Cymoxanilx 0.2
Quintozene(quintozene, pentachloroaniline
7 | and methyl pentachlorophenyl sulfate 2 0.1 | 42 | Clothianidin 0.2
AN
8 | Diethofencarb 0.3 | 43 | Thiamethoxam 0.1
9 | Difenoconazole 0.5 | 44 | Ethaboxam 0.2
10 | Cypermethrin(e]d &A1& &) 0.1 | 45 | Cyfluthrin(e]d & A9 ) 0.1
11 | Azoxystrobin 0.1 | 46 | Fluazinam 0.7
12 | Tolylfluanid 0.20 | 47 | Tebuconazole 0.5
13| Tolclofos—Methyl 1.0 | 48 | Mandipropamid 0.1
14 | Iminoctadine 0.1 | 49 | Methoxyfenozide 0.2
15| Pyrimethanil 1.0 | 50 | Metconazole 1.0
16 | Fenhexamid 0.3 | 51 | Bifenthrin 0.5
17| Cyazofamid 0.3 | 52 | Sethoxydim 0.05
Emamectin benzoate(Emamectin
18 | Cyprodinil 2.0 | 53 | benzoate Bla ¢} emamectin benzoate 0.05
Blb 9 %)
19| Kresoxim-methyl 0.2 | 54 | Etridiazole 3.0
*
20 gﬁﬁﬁfﬁfﬁjﬁiﬁiﬁhﬁciﬁgﬁ) ;)L 0.3 | 55 | Thiacloprid 0.1
21| Cadusafos* 0.05 | 56 | Propamocarb 0.5
22| Pencycuron* 0.7 | 57 | Hexaconazole 0.5
23| Fludioxonil 0.5 | 58 | Fluopicolide 0.1
92 ;arl%gsulfan( Carbofuran,3-hydroxycarbofuran 01 |59 | Triflumizole 01
25| Thifluzamidex 1.0 | 60 | Fosetyl-aluminium 2.0
26 | Flutolanil 1.0 | 61 | Simeconazole 0.7
27| Tebupirimfos* 0.01 | 62 | Amisulbrom 0.3
28 | Trifloxystrobin 0.1 | 63 | Acetamiprid 0.1
29 | Boscalid 0.3 | 64 | Chlorfenapyr 0.1
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Dimethomorph#*(Dimethomorph .
30 (E), ()& Eel 7 3.0 | 65 | Dinotefuran 0.05
- Carbofuran(Carbofuran #
31| Chlorothalonil* 0.1 | 66 3-hydroxycarbofuran | &) 0.03
Clethodim#*(Clethodim,
5-(2-ethylthiopropyl)cyclohexene-3-one
7€ EFsta e tAMEE,
. 5-(2-ethylthiopropyl)-5-
32| Tefluthrin® 0L |67 hydroxycyclohexene-3-one 71 & E%H3}iL 0.05
o) =
PA -
HAREE 92 Zh7he) sulfoxide, sulfone
Heel )
33| Fluquinconazole* 0.2 | 68 | Iprovalicarb 0.1
34| Pyraclostrobin 2.0 | 69 | Lindane(y-BHC) 0.01
Amitraz(o} ] E2t= 9} (2,4-Dimethylphenyl) 7] .
35 “N'-methylformamidine ¢ ) 0.05 e} Procymidone 0.2
AT AR AH (AT 5F A o8 %)
2. 349 A8 7E
2-1. ¥4 4
3= T3 H| 1L
1| F2(%) 14.0 o]} A4k 7% ¢ 150 ©]s
2 | 3]1%(%) 5.00]sH(H4te] A -l = 6.00]81E A)
suEEandy, 2 AE9408, o
3 | weraR o871 We el FepaR Hg1Ee ¥ |84 )
A
[ A] 32 o] A W i Mokl
4 | %% (ppm)? Pb As He Cd @;W"ifﬂﬂ%;i ;]-Zim 2‘?
2.0°]138} | 3.0°]3} | 0.2°]3} | 0.2¢]3} Sz o8 7

AFE Yz A HAAA A=
ToR AA b olE

5 |ol& oo
AzGANA 29d v o] F S
SfrstA ety E A
6 |RER, AFNLERENA | HAEHA ol A
7 | A5 (cfu/g) 50,0000] sk AFx7 gk AFL 30000138k
8 | gt =49 A
9 W& EAIFF ol dd A
n-FeE FEE B 20007
o1 4t (_5—/‘}31_‘5_)0 e, e 5, A4 3.001%
10| g | &%) M HF 5.00]%
o™ Mo > =1
F2oeg FEE
(%) 18014
11 | A =Aol = &3 (ng/g) Rgl: 0.10°]%, Rbl: 0.20°]7
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2-2. 727 3L7)F(ng/ke)
A& 7| & AEH 71 &
1| IDRpp 10T, op 10T pp- 10D pp-11E2] $H 0.05 | 36 | Buprofezin 0.56
2 | Metalaxyl 0.5 | 37 | Cyhalothrin(o]A 2 A< 3} 0.4
3| BHC(a, B 26-BHCS] %) 0.05 | 38 | Flusilazole 0.56
. s e ~ Prochloraz(Prochloraz} 246-trichlorphendl 71 &
4| Aldrin & Dieldrin(Aldrin®} Dieldrin®] 3 | 0.05 | 39 TS 9= AR 9 2.4
5| Endrin(Endrin®} §-keto-endrin®] 3}) 0.05 | 40 | Dithianon 1.6
Carbendazim(Benomyl, carbendazim .
6 2 thiophanate-methyl) 05 | 41 | Cymoxanil* 0.2
Quintozene(quintozene, pentachloroaniline
7| and methyl pentachlorophenyl 0.5 4?2 | Clothianidin 16
sulfate?] ¥ A)
8| Diethofencarb 0.3 43 | Thiamethoxam 0.8
9| Difenoconazole 0.5 | 44 | Ethaboxam 1.6
10| Cypermethrin(®]A] 2 A 2] ) 0.1 | 45 | Cyfluthrin(e]d & A 2] 3F) 0.3
11| Azoxystrobin 05 46 | Fluazinam 5.6
12| Tolylfluanid 0.01 | 47 | Tebuconazole 4.0
13| Tolclofos-Methyl 2.0 | 48 | Mandipropamid 0.8
14| Iminoctadine 0.2 49 | Methoxyfenozide 16
15| Pyrimethanil 0.3 | 50 | Metconazole 8.0
16| Fenhexamid 0.3 51 | Bifenthrin 4.0
17| Cyazofamid 0.3 | 52 | Sethoxydim 0.4
.. FEmamectin benzoate(Fmamectin benzoate
18| Cyprodinil 5.0 53 Blast . Blbe] 04
19| Kresoxim-methyl 1.0 54 | Etridiazole 24.0
(Ethylenebis(dithiocarbamate)s) . .
200, Dithiocarbamate”] &<F&2] 3 03 1 55 | Thiacloprid 08
21| Cadusafos* 0.1 56 | Propamocarb 4.0
22| Pencycuron 0.7 | 57 | Hexaconazole 4.0
23| Fludioxonil 3.0 58 | Fluopicolide 0.8
Carbosulfan . )
2 (Carbofuran,3-hydroxycarbofuran® 3%}) 0.3 | 59 | Triflumizole 08
25| Thifluzamide* 2.0 60 | Fosetyl-aluminium 16.0
26| Flutolanil* 1.0 61 | Simeconazole 5.6
27| Tebupirimfos* 0.01 | 62 | Amisulbrom 24
28| Trifloxystrobin 0.2 63 | Acetamiprid 0.8
29| Boscalid 2.4 64 | Chlorfenapyr 0.8
Dimethomorph*(Dimethomorph .
30 (B), 2)3de] ) 3.0 65 | Dinotefuran 0.4
. Carbofuran(Carbofuran =}
31| Chlorothalonil* 0.1 66 3-hydroxycarbofuran®] @) 0.24
Clethodims(Clethodim,
5-(2-ethylthiopropyl)cyclohexene-3-one” | =
. ¥3ksta J= Az, 5-(2-ethylthiopropyl)-
32| Tefluthrin* 0.1 67 5 hydroxyeyclohexene 3-one”| 2 33} 0.05
= tAREE 2 ZH7be] sulfoxide, sulfone
ERER))
33| Fluquinconazole* 0.2 68 | Iprovalicarb 0.8
34| Pyraclostrobin 16.0 | 69 | Lindane(y-BHC) 0.1
Amitraz(otv] E g =2 ¢ (24-
35| Dimethylphenyl) 0.4 |71€}| Procymidone 16

-N'-methylformamidine® 3)
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2-3. TEE 7IE N FYAE vs. FUFHA)
Pb As Hg Cd
AEA 2.0 3 - - 02013
R 5.00] 3} 3.00] 3} 0.29] 3} 0.3°] 3}
3. FAE=Y 8 7IETF
- A Eale] Helo A ofu] o]F 7k glojok drh,
- AP E 64%
7114 - A=Al = Rgl¥ Rbl ¥ Rg3(s)9] sHYAZEAAAE) @ EA #H(5.5mg/g) o4
- Mg 0 1g 9 300 cfu ©] s}
- g e
% B FA7|Fol GoA] 2 Al AEEFH 5 Y WEe 7l npErh
4. 34 529 B2 QA8 NE7F
- 4 %}M Btz ojul, o] H 7} glofok g
- E 43+ 15%
Nz2H - 9= : #100 mesh 92% o1 T3
- - A x=rtel = Rgl# Rbl % Rg3(s)9] A SAAE) © BAI (7 mg/g) ©1%
- A4 0 1g 9 300 cfu ©] 0}
- RFEE oA
¥ 2 FAVFo AshA &2 AMEE AETd F e HEe s wEoh
5. A7MA 71¥ T3
g Az Al Bt A7 g3 2
A7 9= g 3F HA7MA &=
3} A
e e Acde) | 1% [ B IEAR £RA 2E F 40 adshl &
(Sucrose Esters of Fatty Acids A A GA7F SHAHRE LA 5= Qw2 o)
o
el L e e o s ottt
. . 1% B3 VEAY EEHA &= F AdAE oA A &
(Stearic acid) BAA B FRAUE KA 5 AES @0
S AN(ZE Al
TR T RN Al E ARYE S, fRAALE B
(Hvd Imethyl Cellulose) 09% |7FAZ1t}. 7oy BE Fo W3t Hojs)] AHAEES
YEROXYPTORYIER? eTlose FAs Fejg wEshed =4 Fo 4% A7
ojyf &S =4 ok
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E322|7|E M (Quality Control Manual)
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Ae e =23 0 A-3 wiAE A9 F g A 225 249
]_

2] 7 %31 AlE (media growth promotion test) @ A& 8] ui
An

T Oo]:
A} 3F= mlAEo] 100 CFU (colony—-forming units) W] WFo 2 HE I o

@ AHAAANFH FA(sampling sites) : AFHe] +HE, AFHe] H= L vpr]-&
7] A=gle] 9 d7bsAdo] =2 A9S AAANA Fa= AT

@ Class 100 Aol Fa3+ =42 3|d A X (biosafety cabinet, laminar flow
booth, laminar flow hood &)¢] 714 <l revalidation Al A] )&

® AAANFH = 0 KQM-008 4 EYHA 713 A=Y $HAEYHE &
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2-3. ¥FEUHY BF &4

SEOLUHY ATEY
(Environmental Monitoring Trend Analysis)

BADUEY ZBEY
EEtm ol AL nefelaE
24 e 3 50
| =) M Uzt

%arez Ginsang Corporation

HEBLET ZBEY
(Emvironmental Monitoring Trend Analysis)

5= (DURP

CSE

FAPROVEMENT BLAN) o

¥ares Ginsang Corporation

FEBLUHY AFEY
(Emvironmental Monitoring Trend Analysis)

1 8% (PURPOSE)

auygy
= o

oie

2 HEYS (SCOPE)

21 201

3 HUEE Y J|F (Monitoring Item snd Specification

BEE 1A

~Sumyf?

I | os~sumite

4 @3} (RESULT)

%ares Ginsang Corporation

SBEOUEHT HTEH
(Environmental Monitoring Trend Analysis)
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SELDUHY FHEY
(Environmental Monitoring Trend Analysis)

Alert fimit

Action limit

Alert Imit

Action limit

%ares Ginseng Corparation

SELDUHY FHEY
(Environmental Monitoring Trend Analysis)

SHESY ¥ TooHE o Mo
; = Weow @t
533 Action limit
EEEE
YpHa 1 RS

2ou oo

%ares Ginsang Corporation

o} Ak

e84 A &

_94_




3. ZANE 1 ATEZD TEZFE BIAA 2@ EAY Ty
1. AEERA EFF 115 29, AA

1-1. Ginsenoside Rg3(S), Rb3(R)9 £ & A Alxd £ A=
AERD T 5N 2 kgs THFT 5 LE ol &3te 33Xt &
Hlsle] HP20S ©] &3+ column chromatographyS 2 Aldt9ith. HP20 25LE Z 9

T oMAlE 20 LE 9L 30w @438 Al & SRTE ol &5t ofAE WA UA &E

72 wrol F=ATE (¢F 100L AH8) THl" AlEE Ado F2A1717] 98] 3021 AA 38

FrE 7}3}04 Eﬂﬂoi UrOb 38 wol T, 30% oler2 20LE 7}e)

100% ol 7+ 20 LE 7}38te] &35

Z

et w55k /\Hi_‘/] Y-S AzxsdTt (¢F 110 g, +& 55%). ol9F 2
o

o

shud AEd 2A0S olgalel uF AU o4 14 HPLCE Faalairh 18] Ralol
AlgEE AA 5 A0S 9Q0F o, 2=4E oo #u}
- 7171 %4
HPLC YMC LC—Forte/R
Detector UV (203nm)
Column YMC Actus Triart—C18 (250 X 30 mm)
Run Time 90 min
Flow Rate 30.0 ml/min
inj. vol. 10 ml
- g =2
Time (min) A % (H20) B % (Acetonitrile)
0 80 20
10 80 20
12 68 32
32 68 32
33 72 28
65 72 28
66 10 90
80 10 90
81 80 20
90 80 20
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HPLCE W% Alzdlowm ggsiglon], wiaow Faste] 214w=rteo]= Rgldt Re

1=
E Shf3k 538 183 g), Rf9} Rg2sE 3k #38 2(6.1 g), Rbl# ReE g3k 38 3(79
) S @

g), Rh2, Rb2, RdE &gt &2 4(153 g), Rg3s%} Rg3re 313k 9 5108 g)= SE3
et

Fus BEE PIS 47 olgete] 5 AAmAlER A7 g5l ohelg 2 Wy
2 sk

1. Ginsenoside Rgl, Re9 =+ &8 A A
12} HPLCZ o] &3te] grw A¥4d Rgl, Re7t v 5o JdE Aoz AdsHe=
3 ES o] &3le] C18 column (YMC C-18, 250 x 10 mm)< °]& s 2
o] Al2®l : 75% AcCN in DW) AFEd Rgld} ReE #E stdlod, 7o 459 +
stAl A7 f1stel 22 HPLC (&wjAl =¥l @ 50% MeOH in DW
Rgl (2.22)7} Re (2.1 @)= €& + AT
Z7 9 'H NMR, "C NMR, HR-TOF MS %—
7, 8) vtgo® FdEe FuxArE Hlw

AR

|
1t
>
(e}
ol

z4stglon, o 2331 4EEL (Fig

< 2] =
3l A3} ginsenosede Rgl, Re 94& ¢l & <=

, O-Glu , O-Glc

Z 0-Glu “  0-Glc2-Rha

Fig 5.1. Structure of Ginsenoside Rgl & Ginsenoside Re

2. Ginsenoside Rf¢} Rg2s9 &4 F2] AA

17} HPLCE o]-§3to] gxre A2 Rf, Rg2s7F o 75 v o=z duse
&S o] &3] CI8 column (YMC C-18, 250 x 10 mm)< ©]-&3te] HPLCZ A A&t
I AlZ2=gl @ 75% AcCN in DW) AFEW Rf# Rg2sE 2 st om, 72179 E4E59 &
stA A7) $18ke] 22k HPLC (£"Al 28 © 50% MeOH in DW)E AAlste] &5
Rgf (2.0g)3 Rg2s (20 g)= 4= T AT

Z4¢ 'H NMR, ®C NMR, HR-TOF MS %
9, 15) Wlgre g2 FAE9 FuAREI} BT

/\ }»}\A}Kq—

=]

- mlo
B\
o,

ol
O
22,

0
#
lo
Sh
o
i
)
>
bl
Al

o
&

(1je}
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“  0-Glel1-Gle > O-Gle2-rha

Fig 5.2. Structure of Ginsenoside Rf & Ginsenoside Rg2(20S)

3. Ginsenoside Rbl, Rce] <= 2 AA
14 HPLCE o] §3te] &gl ALy Rbl, Revk thed #Hslo] Q= Aom dgd

L ]

AN - N L -
&S o]83led C18 column (YMC C-18, 250 x 10 mm)< 01&6}04 HPLC—% A Al ko] (&
o Al2~®ll 1 50% AcCN in DW) A} Rbl¥} ReE &8 o, EHE &4
A AAs7] sk 2% HPLC (fwjA]2~" : 45% MeOH in DW%: e e

Rgl (2.0g)¥ Re (2.1 g)= 9= + UMTH

= u= T AA
249 '"H NMR, “C NMR, HR-TOF MS & =4
10, 1) wgo g2 wdEe] FuAsEd} vag A7

PN
T AAT

KeR
=

stglom, o ®4A A2ES (Fig

=

ginsenosede Rbl, Rc & &<l &

=

, 0-Glc6-Gle

., O-GlcB-Ara(fur)

Fig 5.3. Structure of Ginsenoside Rbl & Ginsenoside Rc

4. Ginsenoside Rh2, Rb2, Rd9] <4 &7 AA
12 HPLCE o] &-3lo] &H ¥ ALy Rh2, Rb2, RA7} v 5o A=

= Aoz Ay
= B3I ES o]839 C18 column (YMC C-18, 250 x 10 mm)<S ©]-&3te] HPLCE 2 A&t
o (&l A&l 1 50% AcCN in DW) AF¥EY Rgldt ReE ¥ stdow, 77te] EdE9

4

235k AASY] 9ol 23 HPLC (£ A 28 : 40% MeOH in DW)E A Aste] %=
# Rh2, Rb2, RdS 242t 10 ¢ 9% & Atk

T
E4° 'H NMR, “C NMR, HR-TOF MS 5& 33 om, o &334 A5

== (Flg
12-14) vtge 2 #dE9 FuxuEY vlugt 43 ginsenosede Rh2, Rb2, Rd 12 <l
& AT

o~
T

== T
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O-Glc6-Ara(pyr)

5. Ginsenoside Rg3s, Rg3re] =4 &7 A A

Ginsenoside Rg3°¢] o& gF5o & Ao Add=E= PD fractions ©]83te] 23]
A%l silica column chromatography & A8 th (1% Chloroform @ Methanol : Distilled
Water = 70 : 30 : 5, 22} Chloroform : Methanol : Ethyl Acetate : Distilled Water = 2 :
24 :1). 1, 2% silica column chromatographyS Ea #& Hold £35S TLCE o] &3}
o] ginsenoside Rg39] &4l F%& &<l 3 % C18 column chromatography (45% AcCN
in DW) & 2 Al3dle] ginsenoside Rg3 (209)3} (20R)7} *3¥ E2S (4 g)& AA3ATH
(Fig 6). ginsenoside (20S)¥} (20R)E AAst7] A= B4 B34 EAHS o83

of Z81& AU ginsenoside(20S)e] A-F A7bE = F mou (20R)v= FH HA &+

AAS o] &3t kA
WA Wz Aol ginsenoside(209)3 (20R)E # A Fste] o] ¥3E o] QA FnE
o) O

(o

2 3 5 AUt B Yo Hol & w24 ZEEe] otz ginsenoside(209)3 HA| &S
ginsenoside(20R)E H& & Wdth o] W oz 33 wkE A se] +£43F ginsenoside(20S)
2¢7} (20R) 1gS ¥& F ASdh

49 1H NMR, 13C NMR, HR-TOF MS %9 %34 #A5E5S (Fig 16, 17) vgo

2 E3Ee9 Huxgtel vuwd A} ginsenosede Rg3(20S), (20R) U& el & 4+ 2l

At

Fig 5.5. Structure of Ginsenoside Rg3(20S) & Ginsenoside Rg3(20R)
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AtE Y HIAbZ L

2/3%FHPLC

IR
Ryl Re|RDl Re

Rh2 Rb2 Rd  pu3(0s) Rg3(20R)

Rf  Rg2(20S)

Fig 6. Ginsenoside 11F ¥ 3 scheme
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Fig 15. 'H (500 MHz), 3C NMR (125 MHZ) of Ginsenoside Rg2s
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Fig 16. 'H (500 MHz), 3C NMR (125 MHZ) of Ginsenoside Rg3(20S)




E
[~ [+%
E ) H
& fmrl L0k
o0 il Al b
110 : n_w gt :
R ) g e ol
O - S )
HED'} e A !
2t A I‘M_ = ﬂ.ﬁ/.
L= — et m:m.%
89T b~ T i
| — — o 859 122\ .
HEEL H - EOEF g R
PEEE L SHer e~ %
(A0 { M 3 J/E L4 e |M S
oovi o |/E EiE—T 3
s ..___ II-H_ R\ u...%% 0
2P0 3 i
EIEN — el A_“mww_. E..S.\. ' e
2251 - 3 _ s / ;
ey e e .m
EAAE 2 nw 2418 \. m S
oL ore s x
el .IL = FBE'0 Hm.mmﬁ S
i ] ] e QQW
102 " T e
[« =l i y ] |_m m
CLEE'E | T e/
LaEe II|||_ e 7060z oz~ 0
Ewm.m . | =Wz WL . cnl.u
p |.|I|“..H 9 B (L7
b n — B0E oY) ©°
WLLE — - ..JE o oy S
E20p ) | HVE o gral \. a
& ZEELF |_ . 20 nm.._ cis) : M
$2REY - . ..|_ =
2196 — o Zgot0 | : m
EISE'y J. = g
1548 . - P u
e Ei 2 a0 — e
FEE T 2 —— M
ey 0982} -
micy FRE'D 2 "
MGy —_— n =¥ i 7
izsy ! O
A25F a1 | ;
sy __ “. M /L1160 |ogE — g
wisy R0 RN g .
wirs 20981 3
wres ————— [, Swe 5t £
wrEs 4 ) " T 1951 4
PLOFS <N i ; M
iy 2
WERS | [& — T opaptd : m
A0a - — 55 s |.rm s
BEELL | 5 m_.s_w B
LT IE . i
|2 m @ wm._u_m_..\. . H
AIEL s :
Z0PEL = . .
SEPEL o .
ESrL o
[T :
EFBS'L o Wo
Bl s
a4
VR

- 110 -



2. AREE g1
4 A w=Abol= 115 (Rgl, Re, Rf, Rbl, Rc, Rh2, Rb2, Rd, Rg2s, Rg3s, Rg3r) ¢
FA7IE=T AL ot o] Tabled}t 2t Zgl¥ A=Al =58 B5F 95% o] ¢=& 1
Fow Agae wa Bag A A UV 203nmollA 96 % o]4deldar TLC &<l A
Fo1xl AlE el RHHS glu A Utk
Table 1. Ginsenoside Rgl¢ ¥4 #74
9% EE
Roajep [M-H]+ m/z 801.01
s 98.31 %
A2 1.0 % o] 3}
Normalization UV 203nmel Al 96 % ©]7
SHAA TLCOl A Fox AlZejo] whalo] glxojA= gyt
Table 2. Ginsenoside Red] ¥32 73
9% URER
R [M-H]+ m/z 947.15
- 99.9%
Az 1.0% ©]3}
Normalization UV 203nmdl Al 96% ©]7
SHAAF TLCO A Foxl AlZe]o] whao] Felsojx= ghet),
Table 3. Ginsenoside Rf9] Fd 34
3% W AN 1k
) aF [M-HJ+ m/z 801.01
- 9533 %
Azt 1.0 % ols}
Normalization UV 203nmo Al 96 % ©]7
S A F TLCOl A Fo7 AlZ el o] whao] &5 oj = ¢yt
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Table 4. Ginsenoside Rb1¢ & 134

A AF ELES B!y
EPARSS [M-H+ m/z 1109.29
s 99.8 %
Az 7 e 1.0% ©]3}

UV 203nmol Al 96% o]

= TLCO A Fo]xl Al 9] o] whido] gl oj = Qe

3% RLECR oy
A [M-H]+ m/z 1079.27
S 99.27 %
Az 1.0 % ©]3&}
Normalization UV 203nmol A 96 % o]t
AN TLCAI A Folxl Al59]e] Hho] FRluojAl= het].

Table 6. Ginsenoside Rh2¢] F3 3

3% RLECR oy
Bajep [M-H]+ m/z 622.87
P 97.81 %
Az 1.0% o] 3}
Normalization UV 203nmeol| 4] 96% ©]7
A TLCONA Folxl Al59]e] whxdo] FluojA= Shelt),

Table 7. Ginsenoside Rb2¢] #3 13

3% ELE Rty
e [M-HJ+ m/z 1079.27
s 98.5 %
Az 1.0 % o3}
Normalization UV 203nmo Al 96 % ©]7
A TLCol A Folxl A 59]9] whido] &lx ol = tet),
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Table 8. Ginsenoside Rd¥ #3 3
B ERERS
oA [M-H+ m/z 963.17
T 95.9 %
Axgd 1.0% ©l 3

UV 203nmol Al 96% o]

TLCOI A Folzl AlR9le] while] helwo] A= ket

3% RLECR oy
Bz} = [M-H]+ m/z 785.02
S 95.6 %
Az 1.0 % °]at
Normalization UV 203nmo Al 96 % ©]74
A H TLCol Al Folxl A= 9] 9] whdo] EQlx ol = gt

Table 10. Ginsenoside Rg3(20S9)2] =32 +3
3% ) Al 2
i [M-H]+ m/z 785.01
T 98.8%
Nz 1.0% °] &t
Normalization UV 203nmol 4] 96% ©]7
SAA TLCo A Folx Al=ej o] whado] FQlsojAf= ¢het),

Table 11. Ginsenoside Rg3(20R)¢] ¥ 3
3% ELRUR
Baje [M-H]+ m/z 785.01
s 96.1 %
Azzre 1.0 % °]&t
Normalization UV 203nmo| A 96 % ©]%
S A F TLCA A Fo% AlZejo] whao] FlsojA= gheth,
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ienoside Rbl *

Ginsenosidé Ginsenoside Ginsenoside fi Ginsenoside f
cer 41753439

Purity: 99.9 10 Purity: 95.33 & loria csanszozs | Purity: 99.27 48 Purity: 97.81 4
638 Cag number 5208654 VeIght 110929 CAS nuimber: 110211 CAS number: 11021-13p

C
r zzazv-a;;h lec C oecuiar fosmts: CAMl Molecular formula: €52 Molecular formi
C T | iciecutar weight: S4TSR EEEEE— Molecular weight 1078

tolecular formula: CA2H
nt- 80101

~ 20(R)-Ginsent
Purity: 95.60 * !

Purity: 98.83
4| CAS number: 52286-74°
Molecular formula: C4: CAS number;
i 7854

~ 56l “  H-Glc2-Rha % O-Glc1-Gle
Ginsenoside Rgl Ginsenoside Re Ginsenoside Rf
"f..OH “ ,OH O-GlcB-Ara

7,

OH

HO HO Glc-2Glc-0

“ Sl % 5.Glez-ha
Ginsenoside Rhl Ginsenoside Rg2s Ginsenoside Rb2

0-Glc6-Gle . O-Glcs-Ara(ft ., O-Gle
oH OH ™

7,

OH

Glc-2Glc-O Glc-2GIc-O

Ginsenoside Rbl Ginsenoside Rc Ginsenoside Rd
OH OH

7,

Glc-2Glc-0 Glc-2GIc-O

Ginsenoside Rg3s Ginsenoside Rg3r
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3-2. J.?L/\:IHJ—H-]

T A3stE R34t R °oF 1 g& A9
45 mLAlE % 30 x2S FE gt A
filter(0.2 ym)= <3 ¥ UPLC/PDA 4

r—1u:

3-2-1. A1E AH|
@O AAAE : XP205V, Mettler Toledo, Switzerland =& A 22 HA ZAHct
0.1 mg °lstel #A
@ 9AEE 7] : Legand Mach 1.6R, Thermo, Germany %=+ 15 mL &% TubeZ A}-&3}
o] 3000 r/min ©]3¢ £x=8 HA4E7F e A
@ 223 A#7] : SD-200H, A% %23}, Korea & A 522 Fu4=7} 40 Kz ©]

4 A

-

7}

e/

rN

@ UPLC : Acquity UPLC system, Waters, USA

3-2-2. 719 2 Al <F
- ZE8A
@ Ginsenoside %% : Ginsenoside ¥+%4d2 7217} =27} B4 % RMY A&S #
=
(Choromadex(USA)o A ¢ & A}&39 <)

@ AZANTE T8 1 9 FE=2E HAIEFHSE] 10 mL &FSep2=ad Hg 5 v
g&w Asto] ARESATh
@ ¥+=4d FT7F . Ginsenoside Rgl, Ginsenoside Re, Ginsenoside Rf, Ginsenoside Rhl,
Ginsenoside Rg2s, Ginsenoside Rbl, Ginsenoside Rc, Ginsenoside Rb2,
Ginsenoside Rd, Ginsenoside Rg3(s), Ginsenoside Rg3(r)
@ 7= 4] AgAES AAske B9 - AEY Ve Aae] 116 %o F=el 3
Fote E-8AS AT
® Z 8o wet Multi point calibrationS afjof 3t A-¢ HQ3 522 TFLEAS X
A 5}
AF-&-ghet
~ Ak
@ wl€re : HPLC grade, Merck, Germany
@ ol EYEZ : HPLC grade, Merck, Germany
@ 32 TRT 1 2T AXZZAE AFESE] A7 Fhol 180 MQ ool He =& AHE

Sa P AF & HA F F =AU
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- AT

@ 500 mL &% Z2}2~= : Class A, Duran, Germany

@ 1000 mL &% Zg}~3 : Class A, Duran, Germany
@ 50 mL &% Ze2= : Class A, Duran, Germany

@ 10 mL &

: Class A, Witeg, Germany
GHP Acrodisc (13 mm), 0.2 ym pore size, Waters, USA

(® Syringe filter :

. PP-single use, Norm-—Jet, Germany

® 3 mL 938 FAH]
@ 2 mL sample vial

UPLC column

. HPLC &, Waters, USA

: Acquity BEH C18 (1.7 ym, 2.1 x 50 mm)

3-2-3. Al

jans
N

™

i)

ruze]

_&ﬂ

—_—

il

0.1 mg ¢ WH7HA]

©
=

AR Sl g

ke
T

NE
L

@ HAApA 2

ﬂo

o

o
0

X

3|
T«

ERR!

=
=

ted DW 45 mL

J|

Eetazo] §YNS ALE

= &%

o]
2R

7

o}
=

7}

=

A

@

Ze 29 v}

o

B
op
N

%

el

=7 A]

JH

22~ 9]
Fel, 3 mL 438 FA719 02 pm FAF

2 mL sample vialdl Ho} o]E A]

By

-

goe

1

ks
“

,_lﬂ_/l

o]

!

olo

- 116 -



ARESHE AN Y FAE e vl 19k 2o
ZHH] UPLC - PDA
Column Acquity BEH C18 (1.7 pm, 2.1 x 50 mm)
5 3
initial 85 15
0.5 85 15
14.5 70 30
Mobile 15.5 68 32
Phase 16.5 60 40
17.0 45 55
21.0 10 90
25.0 85 15
27.0 85 15
Flow rate 0.6 mL/min
TYF 2 ik
A7) UV 203 nm
Ay 2% 40 C

3-2-5. 1@ €Y = Ginsenoside FTF £4]

D AFEAE B4 Gulo] Fake] 639 Ao FASL 7 4R 92 WAL A

@ wtz AHARE EEEAS Y PPOR FYstel BA; 2 4R 2 WAL
041_4
= -

3-2-6. A]|& F Ginsenoside % A4t
AFAE o] &35t ARl 5o 3+ Ginsenosides Tha 2ol 3t AAbstH Al

79| Ginsenoside &% mg/gl 2 FEA| S}

Snven, 1 . . -
Uupprc * I/; fent_ oo T [Ginsenoside?] &&AAF2]]
Weight

Uurie - A& < Ginsenoside®] 717] A=< (ug/mL)
SSOlVent : ‘il‘%%]: (mL)

Wiveigne = A FAHol ARE3E AR50 Fg)
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P
w
S
1%
iRt
2
Lo
)
olof

A4 el B @ 9] Ginsenoside A 29 E 1Y
2 SOPo| ug} 43 589 2L Al5e] HPLC ZZvtEaHe o229 198y 2o

@ Ginsenoside ¥+& e AZnE T

0104
0.084
®
- 0
0 o
0 9
0084 ! n
S :
[[D @r" b ]
[ i E o q
i - oM - n o
w0 - R
! ¥ BTy n ¥ 1
o} @ | |
4 : =8 ok T
i 14
2 p\ i 7 ¢ @
L AOR gy JAAEA LY
\\\\‘\\IIIII\\|\\\\l\III‘I\\\‘\\\Il\ll\‘\\\\‘\\IIIII\\‘\\\\\III‘I\\\‘\\\I'\II\

400 | 600 0 800 300 1000 100 1200 120 10 1000 15.00 1700 1800 19.00 2000
Ninutes

@ A HEY ARvtEIHY

020
0,451 3,
i
i B
1,104 7
]
W b p v
D) QN 8o ] T
on 0 o m ] - -
q(ﬂ " i - ] T a
1054 0- g b2l I n - ]
‘IO i) g %1_ - ; -
s | =0 ,ﬁ ! o 1‘3
o ;
g i 44 o ¢ i
L i A
000 i ' LAOA
\\\\‘\\I\‘\\I|‘\\II‘\III‘\I|I‘\II\‘\II\‘I|I\‘II\\‘\I\\‘\I\\‘\I\\‘\I\\‘\II\‘\II\

400 500 600 [ 80 a0 0.0 1100 1200 130 1 100 1600 1700 1800 19.00 2000
Winutes

3-4. Method Validation

3-4-1. 32 A (Precision)
AREEtE AR S 47 05 g, 1 g, 1.5 g& 2 FA3te] £ SOP 7[=3gk W] ¢

af 3ukE A Ay R A w2 te 2k
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@ Ginsenoside Rgl

Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 0.64 0.64 0.64
Standard deviation 0.01 0.00 0.01
Within-level precision (expressed as %RSD) 1.86 0.73 1.65
Between-level mean 0.63
Between-level standard deviation 0.01
Between-level precision (expressed as %RSD) 1.65
@ Ginsenoside Re
Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 0.90 0.92 0.93
Standard deviation 0.02 0.02 0.01
Within-level precision (expressed as %RSD) 2.65 2.27 0.90
Between-level mean 0.91
Between-level standard deviation 0.02
Between-level precision (expressed as %RSD) 2.00
@ Ginsenoside Rf
Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 1.21 1.25 1.28
Standard deviation 0.02 0.02 0.03
Within-level precision (expressed as %RSD) 1.40 1.75 1.95
Between-level mean 1.25
Between-level standard deviation 0.04
Between-level precision (expressed as %RSD) 2.99
@ Ginsenoside Rhl
Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 1.86 1.94 1.96
Standard deviation 0.03 0.02 0.02
Within-level precision (expressed as %RSD) 1.72 1.05 0.95
Between-level mean 193
Between-level standard deviation 0.04
Between-level precision (expressed as %RSD) 2.29
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(® Ginsenoside Rg2s

Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 1.77 1.79 1.80
Standard deviation 0.03 0.02 0.01
Within-level precision (expressed as %RSD) 1.87 1.29 0.78
Between-level mean 1.79
Between-level standard deviation 0.02
Between-level precision (expressed as %RSD) 1.04
® Ginsenoside Rbl
Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 5.31 532 531
Standard deviation 0.11 0.02 0.06
Within-level precision (expressed as %RSD) 211 0.38 1.09
Between-level mean 533
Between-level standard deviation 0.04
Between-level precision (expressed as %RSD) 0.76
(@ Ginsenoside Rc
Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 2.30 2.35 2.38
Standard deviation 0.05 0.05 0.03
Within-level precision (expressed as %RSD) 2.30 212 1.07
Between-level mean 2.34
Between-level standard deviation 0.05
Between-level precision (expressed as %RSD) 2.02
Ginsenoside Rb2
Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 2.00 2.06 2.06
Standard deviation 0.05 0.02 0.02
Within-level precision (expressed as %RSD) 2.64 0.72 1.15
Between-level mean 2.05
Between-level standard deviation 0.03
Between-level precision (expressed as %RSD) 1.36
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© Ginsenoside Rd

Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 0.99 0.97 0.99
Standard deviation 0.03 0.01 0.01
Within-level precision (expressed as %RSD) 2.68 1.23 0.95
Between-level mean 0.98
Between-level standard deviation 0.02
Between-level precision (expressed as %RSD) 1.78

Ginsenoside Rg3s

Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 10.103 10.01 9.89
Standard deviation 0.30 0.05 0.12
Within-level precision (expressed as %RSD) 2.99 0.48 1.25
Between-level mean 10.00
Between-level standard deviation 0.19
Between-level precision (expressed as %RSD) 1.90

@ Ginsenoside Rg3r

Level of preparation Level 1 Level 2 Level 3
Mean (3 Replicate) 2.95 2.62 2.57
Standard deviation 0.06 0.04 0.08
Within-level precision (expressed as %RSD) 2.12 151 3.05
Between-level mean 271
Between-level standard deviation 0.19
Between-level precision (expressed as %RSD) 6.87

3-4-2. 38X (Accuracy)
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(D Ginsenoside Rgl

Parameters Level 1 Level 2 Level 3
Trial 1 102.43 98.72 98.74
Trial 2 103.83 100.13 97.81
Trial 3 102.07 99.49 96.60
Mean 102.78 99.45 97.72
STDEV. 0.93 0.70 1.07

Precision (RSD) 0.91 0.71 1.10
@ Ginsenoside Re
Parameters Level 1 Level 2 Level 3
Trial 1 100.41 96.34 96.99
Trial 2 99.53 97.76 96.18
Trial 3 96.99 98.04 95.88
Mean 98.98 97.38 96.35
STDEV. 1.77 091 0.57
Precision (RSD) 1.79 0.94 0.59
@ Ginsenoside Rf

Parameters Level 1 Level 2 Level 3
Trial 1 99.58 98.17 98.79
Trial 2 97.17 97.07 96.24
Trial 3 97.44 98.47 97.71
Mean 98.06 97.90 97.58
STDEV. 1.32 0.74 1.28

Precision (RSD) 135 0.75 131
@ Ginsenoside Rhl

Parameters Level 1 Level 2 Level 3
Trial 1 97.22 96.28 96.87
Trial 2 96.77 97.12 96.08
Trial 3 96.55 97.67 95.67
Mean 96.85 97.02 96.21
STDEV. 0.34 0.70 0.61

Precision (RSD) 0.35 0.72 0.64
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(® Ginsenoside Rg2s

Parameters Level 1 Level 2 Level 3
Trial 1 95.72 95.86 95.98
Trial 2 98.10 96.86 94.76
Trial 3 96.38 96.93 94.69
Mean 96.74 96.55 95.14
STDEV. 1.23 0.60 0.72

Precision (RSD) 1.27 0.62 0.76
® Ginsenoside Rbl

Parameters Level 1 Level 2 Level 3
Trial 1 97.21 97.52 98.82
Trial 2 97.82 9660 97.72
Trial 3 96.92 101.18 98.42

Mean 97.32 98.43 98.32
STDEV. 0.46 243 0.56
Precision (RSD) 0.47 2.46 0.57
(@ Ginsenoside Rc

Parameters Level 1 Level 2 Level 3
Trial 1 97.58 96.01 96.83
Trial 2 96.92 96.95 96.35
Trial 3 95.17 97.51 95.64
Mean 96.56 96.82 96.27
STDEV. 1.25 0.76 0.60

Precision (RSD) 1.29 0.79 0.62
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Ginsenoside Rb2

Parameters Level 1 Level 2 Level 3
Trial 1 98.15 96.51 96.16
Trial 2 96.31 96.28 94.75
Trial 3 96.13 96.56 95.13
Mean 96.86 96.45 95.35
STDEV. 112 0.15 0.73

Precision (RSD) 1.16 0.15 0.76
Ginsenoside Rd

Parameters Level 1 Level 2 Level 3

Trial 1 106.94 98.55 101.02

Trial 2 104.73 99.91 100.46

Trial 3 100.34 101.92 97.86
Mean 104.00 100.13 99.78

STDEV. 3.36 1.70 1.69

Precision (RSD) 3.23 1.69 1.69
@0 Ginsenoside Rg3(s)

Parameters Level 1 Level 2 Level 3
Trial 1 99.69 98.63 97.18
Trial 2 99.03 98.41 98.17
Trial 3 98.46 98.77 97.61
Mean 99.06 98.61 97.66
STDEV. 0.61 0.18 0.50

Precision (RSD) 0.62 0.18 0.51
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@ Ginsenoside Rg3(r)

Parameters Level 1 Level 2 Level 3
Trial 1 100.44 100.28 97.88
Trial 2 101.00 99.45 99.91
Trial 3 99.23 101.94 101.99
Mean 100.22 100.55 99.93
STDEV. 091 1.27 2.06

Precision (RSD) 0.90 1.26 2.06

4. AR AT
4-1. A A F

4-1-1. 95 2L AF9 AAHAY 2AYF

A8 F AF st AP ATFE HAAIEA =
A7 BRIz D IMERANA AlgEE RSt A ATl w2
21t} (Table 8).

Table 8. SFB A BA 274 L Ad F7]

HaxA ANdZ37]
AN HEAF 25+2°C, 60RH+5% 0, 1,3, 6,9, 12, 18, 24, 36 7}¥
71E5A S 40+2°C, 75RH+5% 0, 1,2 3,4, 5 6 7§14
4-2. 4+ A3
4-2-1. 3L
TAEEAS BHsEte AxE 3 a9 FATIHAE D AlFEA A= Table 99
2ol Alglv)so] AgteA AZEHASS s kg Ag o] Alg7 ALEs T
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Table 9. AFFAEL AQEA AFH(3uA])

o= _ Batch Analysis
3] sta 3 J|&
N FE AE 71€ Wil 1 | ®jx] 2 [ W®] 3
oo 9 Y4 | ool Ru= oful, o]F7k glojoF gk | MY | AY N
o= Ry RS R R
Ax7=F 10 % o]3} 5.49 5.43 4.57
U= #1005-1} : 92.0 o]4t 934 94.8 94.5
Al 300 cfu/g ©o]s} 10 50 70
g tat <73 =73 =7 =73
Ginsenoside =
RE R332 Rgl1+Rb1+Rg3(5)Q] 3 : 5.5 mg/g ol 8.88 9.70 10.10
Batch RA| L=ALolE I (mg/g)
No. | Rgl | Re | Rf | Rhl | Rg2(S) | Rbl | Rc | Rb2 | Rd | Rg3(S) | Rg3(R) | Rgl+Rbl+Rg3(S)
1 037 | 049 | 1.23 | 2.35 3.06 4.43 | 2.01 1.71 | 0.86 3.27 1.02 8.07
2 033 | 0.64 | 1.25 | 1.17 3.23 535 | 230 | 1.73 | 1.06 3.59 1.65 9.27
3 0.71 | 1.19 | 1.28 | 1.25 2.84 594 | 2.55 | 220 | 1.00 2.72 1.05 9.37
Batch IFHE %) (el 1005
No. S Z3E | ZAY | AW | EXIA|Y | EFAAY | FYAHE | ZURA | @402 Zze
1 5.80 8.73 ND ND ND ND ND 16.66 68.81 341.88
2 5.31 7.46 ND ND ND ND ND 15.76 71.47 348.92
3 5.43 7.16 ND ND ND ND ND 16.35 71.06 349.64
Batch oFZ =S4l (ng/kg) &= S(mg/kg)
No. B1 B2 G1 G2 As Cd Cu Hg Ni Pb Sn Zn
1 ND ND ND ND ND ND ND ND ND ND 6.85 23.71
2 ND ND ND ND ND 0.09 ND ND ND ND 6.92 25.85
3 ND ND ND ND ND 0.09 ND ND ND ND 4.94 23.57
AE2H A (FAEA 292F, pgke)* o=
Batch I
No.  [Boscalid/Cyprodinil Fludioxonil| Flutolanil| Methoxyfenozide | TebuconazoleMetalaxyl Thifluzamide E(‘C—FU;—;_ [ e
g
1 ND ND ND ND ND ND ND ND 3 24
2 ND ND ND ND ND ND 0.01 0.03 0 24
3 0.01 0.01 0.06 0.01 0.01 0.01 ND ND 0 24
* 71 9] A% ND(Not Detected)
4-2-2. FAAREEA
st ESsAETE AAst SRS AFEY 3= oty Table 103} #2o] A7
Fol APl AzHALS FANAT FFYAYe) ARRE AL
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Table 10. FHAAEEH A ALY ZAFH (3 A)

6T e A S Batch Analysis
]EI o™ ]l:l ]_n'_" HHJ_(] 1 Hﬂilz Hﬂi]3
opt o ygap [LFe] MEE F0S JA 2 Ast x5} x5y
S 59 o), o7t gl AZA A o e o
Ginsenoside Rgl+Rb1+Rg39] 3 :
28.00 29.16 28.80
(R1E & 33 |11.00mg/2g2] 80% ©]A¢
e 10% o]3} 4.89 6.34 6.10
Bal= 607 oy A A A
AL 8.0 kgf/cm® o] A} 14.39 11.28 11.37
A5 1,000 cfu/g ©]35} 0 7 7
E e 27 74 7
HAd5F 500 mg o]t 508.4 503.5 501.2
=aF ~ %o(E : 278 ols
3| o mny 5 ~ 10 %(£T1) : 27} o]s} 1 X X
10 % 23HET2) : 92 A X X X
o] 52 ~ 5.7 mm 5.35 5.46 5.45
A
o] | &= 7.5 ~ 7.7 mm - - -
37] —
= 13.5 ~ 13.7 mm 13.62 13.54 13.57

ER SR ; ~ ;

Sam o |22 A % ek N

Batch RA Aol E 3FF (mg/g)

No. | Rgl Re Rf | Rhl | Rg2(S) | Rbl | Rc | Rb2 | Rd | Rg3(S) | Rg3(R) | Rgl+Rb1+Rg3(S)
1 025 | 039 | 098 | 1.37 | 257 | 3.75 | 1.63 | 1.48 | 0.89 | 10.00 2.49 14.00
2 061 | 097 | 120 | 1.57 | 295 | 518 | 2.15 | 1.92 | 1.00 | 8.79 2.47 14.58
3 0.57 | 097 | 120 | 1.53 | 297 | 516 | 2.15 | 1.93 | 1.00 | 8.67 2.49 14.40

Batch L2 (%) (keal/100g)

No. | % | =3JF | ZAY | Z3AY | 2xekxy | Ed2Ay | 226E | 2UNE | 25002 | Z=2e
1 4.89 6.28 3.82 0.78 0.51 ND ND 15.26 69.75 374.42
2 6.34 6.92 2.06 ND ND ND ND 15.32 69.37 357.26
3 6.10 6.96 2.89 ND ND ND ND 15.18 68.87 362.21

Batch otZat= 4l (ng/kg) S5 4 (mg/kg)

No. B1 B2 G1 G2 As Cd Cu Hg Ni Pb Sn Zn
1 ND ND ND ND ND ND 16.11 ND ND ND 4.00 | 27.96
2 ND ND ND ND ND ND 13.89 ND ND ND 3.92 | 32.09
3 ND ND ND ND ND ND 16.87 ND ND ND 4.17 | 30.11
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4-3-1-2. B71EE&

Table 12 FAFESARD AV REZH GRAAY AY 27
o] A
Y 2% AR e
0 1 3 6 9 | 12 | 18 | 24 | 36
AT W 4y [pae wue po, pa | N | 8 | N | Y | AT | 8T [ | 8
L uA N 10 % o|s} 5.80 | 6.16 | 6.20 | 6.65 | 6.72 | 7.56 | 6.79 | 7.11
N2 300 cfu/g ©|s} <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10
de |84 s |ed e | ey e |8y || e
Rgl+Rb1+Rg3(s)9] &
Ay syey |REIRDIREISS 8.07 | 8.39 | 8.23 | 7.89 | 8.75 | 7.18 | 7.65 | 7.50
: 5.5 mg/g ol
2]
Y 2% AR CRLSs
0 1 3 6 9 | 12 | 18 | 24 | 36
QI W AAF |gzael Bare no), 83 | M3 | A | A | A | A | A | AF
2 WiA] ENCE 10 % o|s} 531 | 5.31 | 4.02 | 5.94 | 5.23 | 6.42 | 5.71
N2> 300 cfu/g ©]st <10 | <10 | <10 | <10 | <10 17 <10
g+ |24 S8 | 38|38 |58 | 38 | &8
Rgl+Rb1+Rg3(s)9] &
AEAe ey |REIROIRESS)S 9.27 | 9.20 | 7.84 | 7.77 | 8.49 | 8.35 | 9.40
- 5.5 mg/g ol
o] A
A Fe A> 71z o
0 1 3 6 9 | 12 | 18 | 24 | 36
ol U g [apue Bue mo, 2a | A | AT | AT | AR | N | "Y | AT
3 W) ENTE 10 % o|s} 5.43 | 5.10 | 4.00 | 5.69 | 5.81 | 6.15 | 5.45
N3 300 cfu/g ©]st <10 | <10 | <10 | <10 | <10 | <10 37
dgde |84 I I I A
Rgl+Rb1+Rg3(s)9] &
Al Adu spey | RELTRDLREI(S)S] 9.37 | 9.63 | 8.66 | 8.81 | 9.49 | 9.20 |10.08
: 5.5 mg/g ol
4-3-2. FAAREHEA
Zostd SAESsAEEE ARG 3wA 9 BEAS AUREFRE P JrEERHoA Qb
AAARE A A AAdE A AFeEES glst A oh(Table 13-14).
4-3-2-1. 7t'&=x4
Table 13. EAAEHEH 71E$x270 B AH 49 23
YA
NE B NE 71E Cab &
0 1 2 3 4 5 6
I A I T B S T Tt
PR AT A B B
Rgl+Rb1+Rg3(s)9] &
R EAE 3FeF 1 11.00 me/2g9] 80% 28.00 | 32.5 | 31.34 | 31.16 | 31.02 | 28.72 | 31.88
ks
1 "] ES] 10%0]6} 489 | 427 | 426 | 581 | 474 | 431 | 535
Qe 0% ol 18 25 30 30 23 25 28
Az 8.0 kg+f/cm2 o] 14.39 | 15.71 | 15.83 | 16.65 | 16.72 | 18.49 | 17.12
N2> 1,000 cfu/g ©o]s} <10 <10 <10 <10 <10 <10 <10
Wz | oA 2 | 84 | 84 | 848 | &4 | 84 | 84
= 500 mg 0|4} 508.4 | 510.3 | 511.2 | 510.4 | 507.5 | 507.8 | 507.6
=ap
©° | WA} |5~10%(£T1) : 2 o]a} 1 1 1 X X X X

- 129 -




10 % Z3H(+T2) : & A X X X X X X
5.2 ~ 5.7 mn 5.35 5.38 5.37 5.38 5.37 5.35
7.5 ~ 7.7 mm - - - - - -
13.5 ~ 13.7 mm 13.62 | 13.57 13.58 13.57 13.57 13.55 13.54
FEEEE A Ng | Aw | Ay | "w | A
AJL A
0 2 3 4 5 6
ALfe] eI gn) /e FSkels & &F pSkeld hskeld bskeld bSkeiz
E‘—ﬂﬂ 0:‘72}}\]47(37\‘" =] =] =] = = =]
Rgl+Rb1+Rg3(s)9] &+
2F: 11.00 mg/2g2] 80% 29.16 30.26 | 27.92 | 30.78 | 31.08 | 27.42
ol
10 % o|s} 6.34 6.22 6.14 6.39 6.67 7.29
60% o]y 20 27 23 26 26 24
2 WA 8.0 kg*f/cm2 o]At 11.28 | 24.3 23.3 23.8 24.3 24.0 24.1
3
1,000 cfu/g o]s} <10 <10 <10 <10 <10 <10
4 e9 | 24 | 24 | 89 | 84 | 84 | 84
500 mg ©o]4t 503.5 | 507.3 | 502.9 | 503.3 | 502.7 | 510.3 | 509.5
5~10%(+T1) : 2 o]s} X X X X X X
10 % 2IH(+T2) : & #A X X X X X X
5.2 ~ 5.7 mn 5.46 5.46 5.46 5.44 5.44 5.44 5.45
7.5 ~ 7.7 mm - - - - - -
13.5 ~ 13.7 mm 13.54 | 13.54 13.48 13.58 13.56 13.48 13.58
1Y 7 N | oAy | mw | "% | "% | "y | Ay
75 A
e o= R b
0 2 3 4 5 6
fre] s o)/ Rl rshely bS] A5k A5k Shsly rShsiy rSkels
239 A7 BA| B B B B B k
Rgl+Rb1+Rg3(s)9] &
: 11.00 mg/2g2] 80% 28.80 | 29.9 30.66 28.4 30.46 | 31.86 | 26.62
o]/t
10 % o]s} 6.10 5.45 6.17 6.15 5.65 6.38 6.71
60% o]y 20 26 26 30 25 24
8.0 kg*f/cm2 o]A+ 11.37 | 24.4 24.1 23.2 23.8 24.3 23.3
3 Hjx] 1,000 cfu/g ©|3t <10 | <10 <10 <10 <10 <10 20
84 29 | 89 | &4 | 84 | 849 | 84 | 84
500 mg ©o]4t 501.2 | 505.4 | 508.4 | 507.1 506.2 | 502.6 | 501.6
5~10%(+T1) : 2 o]s} X X X X X X
10 % Z3H(+T2) : Y& A X X X X X X
5.2 ~ 5.7 mm 5.45 5.46 5.44 5.44 5.46 5.46 5.46
7.5 ~ 7.7 mm - - - - - -
13.5 ~ 13.7 mm 13.57 | 13.58 13.56 13.58 13.58 13.58 13.58
718 2 Ag | Ag | "g | Ag | Ag | Aw | A
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4-3-2-2. F71EEZY
Table 14. S4B E F7BE2D AP 48 25

FER L

e A" 71E
0 1 3 6 9 12 18 24
7.00] MERT} Bk o j _
ojzr g Ay [oE IR BN /RO e | may | mE | e | Ay | A | AY | AR

~ 0% | ngjo) Az A

Rgl+Rbl+Rg3(s)Q] &
AlBAQE SHaF|: 11.00 mg/2g2] 80% 28.00] 31.3 |31.8229.12|31.98|30.34|31.38| 35.3

o4
ES 10 % o]t 4.89 | 4.86 | 553 | 4.69 | 5.02 | 5.07 | 5.25 | 5.23
B3l (60 o|uf 18 | 18 | 30 | 22 | 25 | 30 | 26 | 26
AL 8.0 kg*f/cm2 o|4} 14.39|14.02|13.90 | 14.94 | 15.16 | 14.70
LHjRl gz 1,000 cfu/g o]s} <10 | <10 | <10 | <10 | <10 | <10 | <10 | <10
s R 23| 8 |8 |8 | S8 |88 | S8 &
g |500 mg o4} 508.4|508.6|507.3 | 508.1|505.4 | 508.1 | 507.1 | 506.2
e sz [o10%(xTD) : 2 ol3} 1 1 X X X X X X
= 10 % 2IH+T2) - QS 2 | X X X X X X X X
A5 o] (52 ~57m 5.35| 536 | 5.36 | 5.34 | 5.36 | 5.36 | 5.36 | 5.34
= |75~ 7.7 m - - - - - - - -
=71 AFE 135 ~ 137 m 13.62|13.59|13.58 | 13.56 | 13.55| 13.55 | 13.59| 13.58
gTE ey A | AR | A | AY | AY | Ae | A | A
S 277U ” = = =
A P A8 Nz N e

[e] 3 ]
o @ gap | RO NN RN/ P e | mu | 8w | 9y | 9T | T | 8T
249l 92l A

Rgl+Rbl+Rg3(s)] &
A BAE gh=F|: 11.00 mg/2g29] 80% 29.16| 32.1 |31.65|30.74|30.56 | 28.82{29.25

o4
R 10 % o]s} 6.34 | 6.28 | 6.40 | 6.23 | 6.01 | 6.52 | 6.08
sz |[60% o|uf 20 | 22 | 30 | 26 | 20 | 22 | 20
e 8.0 kg*f/cm2 o]+ 11.28111.92(12.48|14.00]13.90|13.94|12.40
2 Wix]| @ 1,000 cfu/g o|s} <10 | <10 | <10 | <10 | <10 | 15 | <10
gt |28 28|28 |38 | 28 | 38 [ 38 | 34
- |500 mg oAt 503.5|501.2|504.4|502.6|511.6|501.6|503.3
e HA} 5~10%(£T1) : 2 o]s} X 1 X X X X X
v 10 % Z3H+T2) : Qe 7 | X X X X X X X
- =o0] |52 ~ 57 m 546 | 5.46 | 5.44 | 5.44 | 5,44 | 545 | 5.44
° THZ |75 ~ 7.7 mn - - - - - - -
37
] AFA 1135 ~ 13.7 mm 13.54|13.48|13.58|13.5813.58|13.57|13.58
eF0lE B 19 7 XSt | A | Asr | AsE | AsE | ASE | A
$£%7]%ﬁ 22 A 1y -1y g -y 149 =} 19
2]
Ne s AR CRLSs
0 1 3 6 9 12 18 24
o @ agap Lol AMEN P/ ROL L e | ey | mar | et | ME | M | ®a
3 Hjx] Rgl+Rbl+Rg3(s)0] &
A BEAAE shaF|: 11.00 mg/2g2] 80% 28.80(32.00(31.56(29.74]29.56|27.66|28.25
o] A}
e 10 % o]s} 6.10 | 5.98 | 6.14 | 5.73 | 5.65 | 5.66 | 5.73
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Ssls  |60% oy 20 | 25 | 30 | 25 | 20 | 21 | 21
e 8.0 kg*f/cm2 o]it 11.37111.21(11.99|12.92]11.48|13.00|12.01
ANt 1,000 cfu/g ©|3} <10 | <10 | <10 | <10 | 20 | 43 | <10
ggd= |8 24|38 |38 |38 | 28| 2 | &4
= 500 mg o]A} 501.2|502.2 |501.3 | 504.2 | 502.9 | 506.5 | 502.4
A i} 5~10%(+T1) : 2 o]} X X 1 X X X X
e 10 % iﬂ(iTZ) e A X X X X X X X
A =0] |52 ~ 57 m 545 | 544 | 544 | 545 | 544 | 5.44 | 5.43
OhZ |75~ 7.7 m - - - - - - -
ad AFZ 135 ~ 13.7 m 13.57|13.58 | 13.58 | 13.57| 13.58 | 13.58 | 13.57
eF0lE TR B st | Ast | Ast | Mat | Mar | Aat | Ast
o ZFNPP|T == N K K K K B K K

5. 718k @+

5-1. AAAEANE AF A=
el gl e A s e Aol Az 1-23]3e] o] 2ahd =
oA 3-43] AFE WF AFL Ax FF

5-1-1. YAFEAF AF A=71#

gkﬁqgag BUPFALUE @RAATANN Fifaol FIFLZ a0l A
Azstgov, soke UFdelZavlold ARARTE A8E FFwor Axsarh G
FHoxza = A7 AF Xﬂ 3| AHA 2005- 0 1 % -0001 &) = GMP(9-F & k& A
® wel J1F)E 2Ea gov, RE QAHEAY AF AN GMP sl A Az

5-1-2. dAA & Investigations Product(IP)

A HgAE AFEL A3 B Buro] Aao|a, thRAEL AFAE Fdt AA
o SFFHAEY AEZA Aol HrbE AAod AAWHE 19 23], 13 1,000
mg(500 mg x 28)C & obF 3} A 2} 308 A FEHAE A H ]
(671€)e]tH(Table 15).

ofo
&
k)
E>~
4N
N
Y
rlo
[\]
=~
N

- 132 -




Table 15. A HEANAAF R HE2HF 54

ot
o)
[
1=
ot

FERH) EHSSY (TAMEZA0IE
4= Rgl1+Rb1+Rg3>5.5mg/g 5 AT ALZ ) = ol5)
SHe Sl 2R A0
S=20| 857HE ZA

HEHGY

x| Ehat A2 ohSpt X0 58 55 50| HE9| 8/t /1e8e
= =7\ 2 ZALEH = 0|50 Mok BhAof] 2t
19 M ekal A 12! 23], 13| 1000mg(500mg X 27)
N ObETE AW AAb 308 M BRAEO|M B2
AF 7|7t 24 ==7F
5-1-3. JAAFEAIE £ ¢ &4
5-1-3-1. JIA A GAE AFEF
AAA LA [P 7[EAHo= 90UY AFet Feds adste] 15979 oAfEs
Frote] F 4204 13 W Al gt Al AEstan. 23S 154 ES AXHsa, &

[e]
¥&3t 7 boxE 1 box®E T X3

5-1-3-2. AAAH AN £
J

AAAEAE 2o Fig. 349k Zeo] 223 vtxoe vz s g 9y, F2F
e Aedele AwIs, Az, AFSTIRE AGEH, AxdA 2 TS A8
omn, FWdE AFI=E hEd o}oﬂt} PTP¥ stAS Algddldate] Hold& aeds)
of Al ZAZE sl AR WA sk

Fig. 34. JAH A EAF 342 48 2 ©7349 PTP A2
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AAH AT A MAEE R PPRF
A4 AW FAGMATEE CRO (D270 Adgs) 2RE wgor], 97 A 2
Bhel=g sty fiskel WAREE AU AGHGAAA ATHE 43RS TES

5-1-3-4. JAAHEGAIE IP B& R wlF

AAAEA A TP F=Qlateate] AAFAS dsto] 2527 fFAHE [PHE Ba%
atel] Rstith 1Pe] wi$2 A7) of=rol wiEelal v B 3 Al T

ol el itk (Fig. 35). M Al7I= wMEd dFAd = abgAitl A A4 wiEatadh
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% g
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KGCBR-B16 Box 1 0001 2017.03.05 B : visit 3 e > K
>
g 250 Qb BE NHHELS AMEAL DAEK 2UAS R
] AL THEE AMAE kit Wk oo 28 s |8 ‘
AR g
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Fig. 35. vl ¥ 34 #¥H Receipt

5-2. AANA LA F L A=Y clinical formulae @ =% 712
5-2-1. A4 F % dix2E9 clinical formulae

5-2-1-1. A4 F (FAAEEH)

U489y 2 Hjj 2] -&(%) %3173 (mg)
S sEAEY Als 97.0 485.0
AP R HFAMO| AH| 2 F-20W Al 1.10 5.50
AHoFHA A1 1.00 5.00
S|ESA 2N EAERZRA AlA 0.90 4.50
A 100.0 500.0
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5-2-1-2. =4 F

1A} 2AF
olay A
e483 A 3] 2 (%) 5%3/% (mg) Ui 3] -2(%) 53/% (mg)
ARAZ22 Q A(101) 63.000 315.000 67.000 335.000
Sorrsatdor 26.960 130.480 - -
e e Ry - - 25.000 125.000
AL A BHA 45 0.420 2.100 0.400 2.000
AlQM A A 405 0.100 0.500 0.200 1.000
AL A AM 15 0.020 0.100 0.050 0.250
SHFEIAA 5.000 25.000 3.350 16.750
O] Aba} A4 2.000 10.000 2.000 10.000
FI2EAHENEZ Q AZEA 1.000 5.000 - -
AEofH Ao 1Y & 0.500 2.500 0.500 2.500
SCEATZUHEMZZ QA Al A 0.900 4.500 1.400 7.000
AFF A A AH 2 Al 0.100 0.500 0.100 0.500
3 7 100.000 500.000 100.000 500.000
5-2-2. £37 4 : 500 mg/A*474/PTP+15PTP/ ¢
+& s U ME H] 1
At 37](mm) | 47*%65 (10} Afo]=, 7F2*N| =) Doy
A (pm) PVDC 335
PTP 37)(mm) | 47%*65 (10] Alo]=, Z}2*N|Z)
5} 1R} ABAF : AL20/ PVCI5 Dol A} Hard Push type
A (um) -
2~4X} ABAL - AL30/PVDC PTP ZHA AHA|
3.7](mm) 98%170%52 (F}R*A| Z*E) MA} &3],
oA ] R RS End Sealing 10mm
R
A& (g/m?) | PET12/ AL7/ PE23/ LLDPE30 Side Sealing $mm
o} o x 37 *4Q% AbxIT ok 7]
o} x| 37](mm) 97*48*66 (FF*Z*1l) S ol omme 30 WA
yeA oA | A& (g/m?) VM PETI12(2) / IV350
WEAelA | 7] (mm) 348*46 (7L R*A|2) o9 E] o) R|EH 7R AR
7Hato) A& (g/m?) VMPET12(Z2)/ SC300G PTP 57]= 3S5X35lo] mA
Ala] 7} =.7](mm) 50%60 (Z7F=*A| =) AR W oh&] 1R 17
- 5%(g) 3¢ EQUR Alo] A0 EA] T A)

714 LA 3

o
(D) Agdst 3 deEf
- FANAGRP BAC e, delow Auu: #xe] £47 we FsE FA
o], o EY FAEe 7t ¢ wWEA sy U= AoE YEd
- GG g FAFAl R sk Rl AVA AEE dAEHA ke, A
A% AE w0 19 7199 BHAMTAE AFe 2 AFEL ATE A /&Y A
A A Sz FFo] g8 Hol il AR Skl i FHS =5ke-TF s
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Assessed for eligibility
(N=159)

Excluded (n=39)

« Not meeting inclusion criteria
« Withdrew consent

s 2iC

Randomized (n=120)

v k

Allocated to Test group (n=81) Allocated to Placebo group (n=39)
+ Received allocated intervention Received allocated intervention
{n=81) [ Allocation J {n=39)
+ Did not receive allocated intervention Did not receive allocated intervention
{n=0) (n=0)
L h
Lost to follow-up (n=3) ‘ | Lost to follow-up (n=1)
Discontinued intervention (n=20}) tollovets iscontinued intervention (n=9)
« Withdrew consent (n=7) L afowlR Withdrew consent (n=2)
+ Compliance < 70% & etc (n=4) + Compliance < 70% & etc (n=1)
+ Protocol violation (n=8) « Protocol violation (n=6)
+ AE (n=1)
A 4 L 4
Analysed (n=79) Analysed (n=37)
+ Excluded from analysis (n=2) Excluded from analysis (n=2)
- Non-compliance (n=2) Analysis - Non-compliance (n=2)
(IrT)
| I

A7 A Fol Al

3. 47 A9 Ms

AA ALEAF 7)7F < &2 HME 8 AEE AF AH A AFH 245
AAHAL (Volume, sperm count, TMSC(total motile sperm count), motility, CASA
(VCL, VSL, VAP, ALH, LIN, BCF), Strict morphology, Vitality, pH), & Z&7A}
(Testosterone, E2, FSH, LH, SHBG(sex hormone binding globulin), Cortisol), &t<]
A AEA (SF-36), ¥7]s ATAIEF), M2% 54 ATAFSS), 44 A3 (44l
oA ob7] A, AR ofF Al WY e 5& oAF) 55 A, A
H7bE 98l ol dukg AL A AAL dEASF & AldsAT 671Y o] &
TS TS B85 M, 12719 (V6, VI As+ A A4S 98 #Fu

AgEY.
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20X riou for
2= 12 o
v
2y 2o
2o U2 oX

20 42 oX

.
)
=

z
2
2
=
A

B
12 H8)

4. A7 a9

T 12098 Sl mEF (59 94
6u4 o8 FAT (799), ZEART (377)
TFatd AR olgy me Bl

2 37.38 + 59341 (At 3643 + 5424, Eet
EAA o R 93 zto]7} A th (P=0.011)

AR AN

AsHA A
= XJj})i o]g]_

].

BEEE %w PN S
AlHE 3941 £ 6514)E F+ AHAT

ZehAl R
Ch 7&

3381 7H*°é

Oﬂ—?I‘HMX}_‘-ﬂ P Fd 7|17+ 3061 +31.420Y (&
o 3273 £2595 Yol o, A < 7|z7H *12%*,
Eﬂlﬂci frolgh Zfol7F gtk A=A F A
ZeA T Fu o] nwd # o] Fojxta W

5
4 FolE A BARNS Adstgich

-1> H

J =]

i
P-valus"

0.011"

Total (n=116)
37.38 5.93

Test group (n=79) Placebo group (n=37)

36.43 £ 5.42
29.60 + 33.81
174.03 £ 6.33
124.89 = 9.06
DBP (mmHag) 78.77 + 8.58
Pulse (BPM) 73.54 £ 9.48

EENE
Lol |2k (JHE)
A1E (em)
SBP (mmHg)

39.41 = 6.51

32.73 £ 25.95
173.95 £ 5.84
123.65 11.88
78.51 10.95
75.92 11.04

o
30.61 £ 31.42

174.00 = 6.15
124.56 = 10.01
78.69 + 9.35

+
s
+
+ 74.30 = 10.02

0.620
0.848
0.546
0.820
0.236

Values are presented as mean = 5D
"Analyzed by independent t-test
" P<0.05

A7 AR
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24 %7

5.1 &4 F7t FB AR
FRA WAPE o @A AANE BAE A3 F A

ot zfo] 7k LAt

T EAdeE &

A

Test group (n=79)  Placebo group (n=37)  Total (n=1186) Pvalue”
Volume (ml) 3.00 £ 1.27 2.74 = 1.21 2.91 £ 1.25 0.283
Sperm count
48, T+ 45, 24 = ; . = ¥ !

{x1OS{M),fm!) 6.45 45.61 46.24 34.18 46.38 42.15 0.981
TMSC {K1OG(M)) 50.88 = 63.49 44 22 + 48.43 48.76 = 58.97 0.573
Motility (%) 35.79 £ 13.36 32.85 = 12.73 34.85 £ 13.18 0.265
Strict Morphology (%) 6.82 £ 4.43 6.69 £ 4.62 6.78 £ 4.47 0.884
Vitality (%) 52.11 £ 15.72 51.57 = 16.86 51.84 £ 16.02 0.865
pH 7.60 = 0.26 7.63 £ 0.30 7.61 £ 0.27 0.669

Total Sperm Count & = 138.81 =
(x10°%(M)/ejaculate) 142,10 £ 169.25 131.79 £ 142.00 160.51 0.749

. = < 2439.94 +
Sperm Count of Vitality 2441.39 + 2416.77 2436.85 = 2053.60 2208 21 0.992

Test group (n=79) Placebo group (n=37) Total (n=1186) P-value”

VCL (um/s)  54.20 £ 16.71 47.94 * 14.38 52.25 £ 16.20  0.090
V5L (um/s) 24.34 = 8.05 21.33 = 7.3 23.41 £ 7.9 0.0984
CASA VAP (pm/s) 33.03 £ 9.96 28.87 £ 9.04 31.74 = 9.82 0.062
ALH (pm/s) 3.11 £ 2.66 2.49 + 0.80 2.92 £ 2.28 0.104
LIN (%) 45.46 = 8.16 45.07 £ 7.62 45.34 £ 7.96 0.834
BCF (Hz) 17.12 = 8.28 17.55 £ 9.59 17.25 £ B.66 0.828

Values are presented as mean = SD
" Analyzed by independent t-test

B oNgALe] 714 A

FEA B F RAT 1209 FAA MERETA FAAS AHE A 2R
4 AT F 116 W (A 9%, FepARE 3792 ulgom BAs,

1127

W AANHAAE vag Ay AT ol F Ao H3)(volume) 7t r
o7 wW3kste](P=0.033), A3+ 3t Hlﬂ Al EEA R dib] WsksleE Aol
(P=0.056). ZFAR T oAl VAP (A T3 ole&Hk)7 Wit folxo=
st o, (P=0.027) AF 1 BAAHCRE F23F 2ol 7t {13tk

AA A AR 61E T AAHAE vwd Ay Aol A HlE (Vitality)©]
shtol Al S7F SEM R T A TS, AH F AP E Fold 2olrt AT
(P=0.039). 2 A+ AgoA At Aold= A vl &9 S/ 1)arshk oA A=
A A g, 2) Fag A Az das 2 A Al AE S7H 3) A, dHAd
I A oz 23t A BEAL F7IE Uit o7 Bl At Aol g
A, AR B, AEAAY] 2 HubEE AR 7lEel ol FoskA AAke
7150l EAFHASS o n

A2 TS 23 A= AHAT W 2 AHAT B FAHSE {3 Aolvt

=
QLA

rog

»

‘B X9 Lo
Jo o

Wl
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Tast group (n=78]

Placebo group (n=37)

o s (s
Basslin 3 B Lo Eassalin 3 & /- valug valus®
valus 1
-] month month y a maonth month  wvalus
. 2.55
300+ 326+ 302+ ., 274+ 250+
Volume {mi) = i 12 008 i i 11;7 0.545 0.056 0.054
=. 4545 51.04  57.35 4624 4515 5625
I-'pmei'*.ﬂj-' ) = + + 0.276 + + + 0.077 0.822  0.830
AR AN 4581 5735  69.32 3418 3328 4682
50.88 84.89  71.29 4432 4820 58.44
THSC (<10%(1)) + + + 0.137 + + + 0.208 0.853 0.859
53.49 78.19  95.88 4843 5147 68.19
35.79 3579 3784 3285 3788 3544
Motility (35) = = + 0.299 + + + 0.175  0.208  0.217
13.36 16.78 16.72 1273 1643 1404
7.32
Strict Morphelogy  6.82 £ 6.88 £ 8+ _.. BEI+ 75 % "
TER + 0358 0.558 0.553
(%) £.43 15 456 4.62 4.07 ™
4.88
52.11 52,50  54.97 51.57 5435 49.4
Vitality (%) + + + 0.265 + + + 0168 0.052 0.052
15.72 1912 15.38 18.85 1879 16.94
- % _ 5 7.58
TEl+ T2+ 759 = TEI = T2 £
- 8] {
oH o e e 0.858 S i "j;_. 0.800 0.948  0.95]
L)
— count 19270 16830 175.3 131.78  116.74 136.43
,ﬁ‘;‘ ?:‘J"f';i’;cuf;z} + T £ 0.400 + 1 + 0321 0648 0554
v i : 169.25 20485 20505 142.00 10670 154.08
289802 2986.4 2535.9 3028.0
Sperm Count of asdieil &8 d T+ iy A 8+
i e + aEBi 5 (opmias VO + 18838 omira O108 0566 0.573
AWy PAETE. oot = 205360 oo &
3 5 2 4
Test group (n=52) Placebo group (n=28)
— — o o
2asaiin 2 & ™. Bassin 3 & v ' a
A valuo ) walu  value alus
-] maonth month y a month month o
54.20 53.32  53.04 47.94 52.79  40.43
fi }
‘\I_f';j + + + 0.854 + + + D'gﬁ D.084  0.083
R 18.71 1788 18.78 14.38 17.47 15.08
VaL 2434 2448  23.90 2133 2317 2203 005 ~
{um/=) tags daw Lavs UMY Ly drm s g 0 AR 0368
3 i v ] 27 T
VAP 33.02 “’2_:_8' 3‘35 coga 2087 °';_'9 2672 002 .o oo
TEY 3 o 2 ; == + 9.« 7 ; i
casa  imfs £9% o1 j002 =80% a7 o
ALH 371+ 275+ 283=: . 248+ 261+ 281+ 080 z: e
(umis) 266 0.98 - 0.80 1.04 0.89 5 USit i
15.48 4514 4433 4507 4445 4489 094 oo
Uk A { Fi i
LI {e) +818 +97 +691 "% Lies tos2 teep 4 0 DA
. 16.73
i g 1602 158 = 17.55 18.53 0:94
fa—1 A i o T
BCFiHZ) 1 gos +a8ss 858 P 4+gss +gna mioz P

Values are presented as mean + SD
'_’ Analyzed by linear mixed mode! for repeated measures data
& Analyzed by linear mixed model for repeated measures data, which were adjusted for age in baseline

T P<0.05

[e]

H}F 2

=

o A}
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Test group (n=79)

Placebo group (n=37)

P A
5 P— 5 =2 = 3}
Baseline N 11 Baseiine ,  value™  value
maonth value month value
3.00 £ 3.02 £ 274 £ 266 % =
YVolu Y . BB7 BTT Roiskd
olume (mi) S LA 0.631 g i 0.88 0.67 0.69
57.35 46.24 56.26
Sperm count 46 45 +
(51 oE(M)/rml) 45 51 + 0.134 + + 0.064 0819 0.908
B : £3.32 34.18 46.492
T1.29 44 22 56.44
TMSC (x105(M)) E%fiﬂi + 0.087 + + 0106 0780 0.781
2R 05.88 48.43 65.19
2570 + 37.84 32.85 35.44
totility (%) _'3 36 + 0.113 + = 0372 0B8R 0.862
= 16.72 12.73 14.04
Strict Morphology 6.82 7.18 % 6.60 + 732 +
0.581 0.385 0.648 0.645
(%) 443 4.56 4.62 4.86
o . 5811 4+ 54 97 B51.57 -19:-@9 i
Vitality (%) 1570 + 0.085 + - = 0.237 0.040 0.039
e 18.39 16.86 16.94
7.60 £ 759 £ -+ 763 £ 7.59 % - iy
pH 0.26 0.21 0.811 G oo 0.662 0.767 0.773
= 175.43 131.79 146.43
;{;t;é{fﬁ?;;ﬁi?;zt] 1_:25'!;?251 s 0241 + + 0.190 0.828 0.834
A 3 205.05 142.00 i54.08
25986.41 2435.85 3028.08
Sperm Count of 2447139 £
P Vitality 2415 77 + 0.080 + + 0.063 0.879 0.873
B i 2851.25 2053.60 2647.84
o {n= =7
Test group (n=62) Placebo group (n=28) 2 A
: 5] A - [5 = 5y 4
Baseline F: 1y Baseline gy value value
month value month value
. __:?_ Fi . _J’
, 5420 + 53.04 g4 49. 3 B
WVCL {um/s) 16,71 + 0.883 + + 0.387 0.525 0.524
R 16.78 14.38 16.08
24.34 .+ £23.890 21.33 2203
e f T i = A
VSL (um/s) a.05 L g28 0.953 + 71 4+ 707 0.308 0.486 0.485
32.35
. 3. 28.87 x
WAP (um/s) 3 nOS = + 0.965 i 3 0.448 0.532 0.532
= 598 % + 8.04 + 9.40
CASA 10.12
ALH 311+ 283 + . 249 £ 261 % R
{um/s) 266 0.52 s 0.80 0.8% BOEE 4484 g3
45.46 + 4433 4507 44 .89
! 354 811 5 :
LIM (%) o in il 0.35 iFes 4 edd 0.81 0.505  0.503
co 16.73
1732 + 158 + 17.55
E [z 2 + ] X 4
BCF (Hz) a.za 856 0.230 1+ 959 N 0.950 0.482 0.480

Values are presented as mean + S0

" Analyzed by Paired t—test

)

" Analyzed by linear mixed model for repeated measures data
Analyzed by linear mixed model for repeated measures data, which were adjusied for age in baseline

A, 87 609 F A

5.2.2. 328 AA}

T2 AAF FEH OS2 Testosterone (FAd T2), B2 (X s=28 o452 FSH
(FE¥XA=Fz2# LH EAIHET=2E), SHBG (Bz=2EAFd==25d) 2 Cortisol
(2B~ s22)s Ao, 43 A, 43 6719 F *éz‘zg% 2 REYX T
28 A4S AEe s ofdl Eoh 2ok FAHE UolA LH (A4 52 7
frelstAl dastd ey, AA 1k FAASE o3 X}OV} °ii”‘:} o] 9]e] F&Ee
AAT W 2 AAT 7 EAFR §93% 2ol7F AT T HelA FAFAS
22 a0 AAS HO AL AA o)lE e AT EE (bloavallable form)o] <
QS JEhE Ao, FAPA s2Rwst SUtE AL FAHE 2 5+ vk =
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Test group (n=79) Placebo group {n=3T7) . os
Basealine & month vaJIC‘L:e“ Baseline 6 month vaill_e' y v e
£2 (Fg/mi) 331'235__5': 323'(?;; 0.426 Efizﬂi 3?'13_??: 0.282 0.867 0.870
FSH (miU/mi) Gizﬁi Gﬁoz 0.851 5':1; Bfg; 0.208 0495 0.490
LH (miu/mi) 3'21_"'2; 4'15i2?‘ 0.008™ 4'1?154: 4'15292 0.345 0.252  0.250
SHBG (nmol/l) 3?:;;5:: 493';;; 0.372 3?';‘;; 3?'62_15; 0.261 0136 0.135
Cortisol (ug/dl) mfg'ﬂt ”f;ai 0.057 gf_;f 3{]4.{522] = o412z 0581 0587

5 4 £ J2 + 7.04 &

EZ2/Testosterone ?f_:mi ?j':q 0.632 63.220 ’;‘;5 0.580 0.485 0.501

Values are presented as mean £ D

1 Analyzed by Paired t—test

E".*?«nal'_qazerzi by linear mixed model for repeated measures data

! Analyzed by lingar mixed model for repeated measures data, which were adjusied for age in baseling
T P<0.01

AH A A MY & S22 HA
5.2.3. A&X

are]l A AEA (SF-36), 275 AiA (IEF), d=2% 4 A
Rom, NFEAFE H3 A (Baseline), A3 671€ Fo = B
v} obge] meol o] HAHT Ul @ HFHAL 1 BAHCE Folg Holrt glAth
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Test group (n=79)

Piacebo group (n=37)

= =
Baseline & month vajli_e" Baseline 6 month Vaﬁ;” value®  value
5 Y & % -

HE 82:5114_ ”gf_gﬁ— 0.694 S‘Ef_%ai 8;:_':;0* 0.823 0.755 0.755
28X)  SF ??g;__': ??::39:: 0.542 ?fﬁzf “—'“:";_%Ei 0537 0913 0916
ar 8?;'730: 8;52; 0.769 aif_igi 8‘?:’_?1; 0.632 0598 0.606
G 535?; 5?'__?_27:: 0.663 6?':_20* 5?%2_5241 0.079  0.270 0.276

1.80 23 4 47.97 53.
He 5@%{3‘ 5:'?—.39— 0.321 4};011 3?56_824:': 0.081 0414  0.421
t'-;:rj:;E;.—?m 1o gere O18 Tlags iase 021 08w oz

‘faIL.as are pr asentﬂd as mean + SD

" Analyzed by Paired t-test

. " Analyzed by linear mixaed model for repeated measures data

# Analyzed by linear mixed mode! for repeated measures data, which were adjusied for age in baseling

2

4R A, 43 69 3 MEA

5.24. 94 A3
Al Aas W gavit 5}%6}04 BAE A, FaHrelA 9 A= 214
(26.58%), ZeEFA R ToA A2k A= 47 (1081%) o2, AHAT I+ vl FolH9l
A% ebdth (=0.054). 94 Frel BAAE HAT 7 BALOR FoF Aol
bl o2 ol B w AAAE AW WA £ ST A BAROE Fo
g ARt e AS 7 dE) AT
F7F B4 o= 9l 7Izke] 3070 Wkl A (F 779 FAN 564, EebARET 219)
5 o= JAl Aol diste] Fr7F EASAS dw, FATAA dAld A= 189
(32.14%), SEARToA JAe A= 29 (952%) 02, AAT 1 ol AolE e
Wtk (P=0.044). A 349 420 A7 HHL AAE 72 < 717F 3071 € v
el A A A W AR EA /5y 4EDS sttt 9 Y (e
Aal, AFFA, AdT o}7]) o W 7 3 Aol AT
Test group (n=79) Placebo group (n=37) Total (n=116) P-value'
H 21 (26.58%) 4 (10.81%) 25 (21.55%)
sy 0.054
oL 2 58 (73.42%) 33 (89.19%) 91 (78.45%)

‘faIL.as are presented as number (%)
" Analyzed by Chi—square test or Fisher's exact test

A REAE ez T dA 25
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Tast group (n=58) Placebo group {(n=21) Total {n=77) P-valua!
o1 Al i 0 18 (32.143) 2 (9.52%) 20 (25.97%)
- OtLI2 38 (67.86%) 19 (90.48%) 57 (74.03%)
Yalues are presented as number (%)
" Analyzed by Chi-square test or Fisher's exact test
" PCa.05

0.044=

T 717 3070 E v AE o= 9N A

6. ¢A4 B}

A Frhe Aol Folstel HAg 13] o] JdAHEAFEEATS AT A
o7d2F 1207 (Safety w410 o= A doh

6.1. &, 84 4 T o]

A A E G AEL
Al ZF 4149 AE e 2SR 9 o|Aukey |

nt

WA S o)A WhE2 bt 197 (2346%: A7) 4, 919 10 AgAugS 1, 9%
A AbRY TR, %é‘? olgf o5y AAAE 1, 24 1, &5 L5 5T 1, FEF
A 1, 71" 2, AR 1, W o9 2, AvE 1, AEd 2, 1dko] iy I,
TEE 1, 5 E7H =24 1, A4 L dEF 1 askEE ], el LEy 1, ©
3 1, fAE B9 1 @AY 1 Rl d 8 1 Aol e HE L &
7t A7 1deg F 337), EESAET 89 (2051% ¢ Aok 1, &4 2
L AT 55 1, &7 1, MY 8a=49 3, 249 11des F 8%), Ud oY
S BeAET 19 (B9 1) oItk w4 A, T AT 1 ol wg 0y
Fo@ o7t gllom, WAF ol WA AANHGAAAEL A Stolol A3}
AZF flvka de it
Test group (n=81) Placebo group (n=39) Total {(n=120) F-value'’
O?é!‘ﬁ*[.%—r.;]'-’?_'g 19 (23.46%) 8 (20.51%) 27 (22.50%) 0.818
Values are presented as number (%)
1} Analyzed by Chi—square test or Fisher's exact test
o] it
6.2. @ HA

ANAAF A3 A2 JH ee 5 A slZa=20, HE A OUHL 2
4 (BUN, Creatinine), &%%, WglF0l, F54% (AST, ALT), &9 L’—’F
(PT, PTT) & SAsAt. 4T dAHA A3 ) ZE FHoA + AFH 1
AA, AFAoZ {Fogh zfo] E= W7 gllth

LI
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Test group (n=81)

Placebe group (n=39)

i
- - — P-yalue™
Baseline 6 month F-yalue”’  Baseline 6 maonth F-value”
i 503 = 502 + . 485 + 186 + i
REC [10==6/y1) o a1 0319 i i 0.847 0.823
" 15.38 + 15.40 % - 15.21 % 15.27 +
Hamaglobi fdL 0713 0872 0.880
smoglobin (g/dL) 0.86 0.84 0.98 0.89
) 4488 + 4494 £ 4436 + 4431 £ -
% g ; 4
Hematocrit (%) e e 0.940 S as = a1 0642 0.745
) Vi 240.37 + 239.55 £ 4 235.21 £+ 23657 =
Platelst (10=+3/l) e P 0.045 e =180 0.613 0.11%
6.1 % B.00 = 6.31 = 5.28 +
WA 1 fuitd f £ y|
WEBC(10x3/1l) 2 e 0.650 EEr T iy 0.65 0.974
5484 + 53.80 £ 5432 + 5328 +
I s (3 3
Meutrophils (%) - 35 & 74 0.309 a1 507 0.500 0.838
33.94 + 3469 £ 34.27 £ 35.25 +
. cytes [ : 3 %
Lymphacytes (%) £.99 6.52 0244 7.87 3 64 0.45 0.783
W 580 + 603 %+ - 6.08 + 570 + ~ .
Maonocytas (%) 1 e 180 0.769 1 55 1 53 0.182 0.224
i g 335+ 3.35. %+ 331 %+ 365 + ooy
Eosincphils (%) 204 183 0.458 17 1EL 0.034 0.305
S 0.54 &+ 0.52 + » 0.50 = 0.54 +
Basophils (%) P g 0.536 B 5o 0.536 0.401
, 1307 + 12,55 + 13.00 & 12.80 &
(rma/ ; ; ¢
BUM {mg/dL) ol g 0.085 g e 0.88 0.440
. 091 = 0.88 = . 091 = 0.92 £
nina (mg/dL. z a. .05
Craatinine (mg/dL) B e 0.126 g i 0.158 0.050
o 467 = 480 = . 4.57 + 457 +
Aloumin (g/dL} bian s 0.020 G i 0.986 0182
e 074 &+ 0.80 074 & 0.82 + - o
Total bilirubin {mg/dL 0.188 0.101 0.817
R e (tngedld 0.38 0.38 0.27 0.40
. 2465 + 2376 + 2359 + 235 +
(/L H . i
AST (/L) oD Son 0.580 e e 0.889 0.665
it 3057 £ 2854 £ 2HET £ 2583 + _
T / q [}
ALT {1ufL) o iR 0.85% {58 i 0.592 0.476
Alkaling Phosphats 9556 £ 87.72 + = BR.62 + 2508 + 4 =
{lu/L) 57.1%9 61.77 6.033 47.93 54.79 281 0.6
11.58 £ 1168 + 11.38 £ 1742 + .
PT ) 0.202 0.945 0.480
b 0.99 1.04 0.86 0.9z
89665 £ 9586 + 3987 £ 9589 +
[=] { 1
T (%) e s 0.363 Ly ) 0.982 0.822
1.03 £ .08 1.01 = 1.00 +
T (IMRBRY (4]
PT (IR T i 0.815 oE SR 0.123 0.228
Values are presented as mean + SD
" Analyzed by Paired t-test
A Analyzed by linear mixed model for repeated measures data
T P<£0.05
- g 5 =
AA A, A F 29 24
6.3. 889 A%
5 & (== 5 o 5 ok 1wl 2~ = 5 ST = > o
dEAST (F57] 4, ol dF F Wkg) S AFEAFE AHFA H, AFA 3ME 6
MY Fol ZAaon, 2E R F AL 7 A4, JFH o2 FoF Aol
T W gl
Test group (n=81) Placebo group {(n=39) o
: | 5] /~ 2 3 (] = 1
Baszeling 11 Baseline 1 value
manth month valug month month value
125.21 126.38 123.82 = 122.59 123.28 12417
= Y 2 B 0.137 = 0.83% 0.262
SBP (mmHa) oo 400 £ 1193 £+ 1164 +879 +1230 °
7914 £+ 7951 + TBOS + 7810 £ 7722 + TBOB = "
P b 0.381 0.802 0.575
DEP (mmHa) 7 o 9.88 9.27 10.94 85 1217 s R
7348 £ J725 & 7507 &+ 7E23 £ TT25 & 7547 % .
T : 0.004 0.71 0.318
Pulse (BPM) 5.48 11.64 11.27 = 10.89 11.47 967 )

\.{aILies are prasanted as mean + S0
" Analyzed by linear mixed model for repeated measures data
"™ P<0.01

HEd 89 RS
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Test group {n=81) Placebo group (n=39)

Baseline & manth P-valus" Baseline & month Pvalug" P-value®
SBP (mmHg) 125;;21__ = 12?1"_3___231 0.284 1231'55_1 12:2; = 0898 0.474
DBEP {mmHag) ?gé:ls_lt =+ ?89"?;? £ 0309 _':BO:IQ'—,'_ 7.?20? ?:t (.958 0.638
Pulse (BPM) ?E;?Bi e '10_;: 0.120 75:'02;; ’—'5;;;‘“ 0.708 0.237

‘Values are presented as mean + SD
" Analyzed by Paired t-test
= Analyzed by linear mixed model for repeated measures data

N A, 44 679 F BEAF

A 037, SepAuE 10), EF (9

1% (A 2, FepanT 2w FAT 19
oA G Nan FH)o] WAl wel F 84 (FAE 579, FehAlm 27
g)ol AAAFAGALA BAE BE AR 9 SEFAT

FEA Bk F RATA F 1208 FAN B A5 WFEFR A g 49L
A9 e 3 TAHT 799, FUART 379)E hHoE RAssh

meo] MWW FolH o vl
A EehAuT gy aska AU (P-0056)
Febdue el Ax TR olBA(VAP)O] WEMW fodom wssgon
(P=0027), HAT W+ BAACE Fol@ o/t gk HA A, 4A 674Y F A
ArLE vl A delds A HlE (Vitality)©l %é}%oﬂ/ﬂ =7t EeRA R ol
A gpaskel, HAE 2 BAROE Fol@ Aolsh Atk (P=0.040). o]} @ AopglE
A Hge b DaE Wl A4 44 A 33, 2) $ud WA 44 4% 2
A A AE Bk Y A, ddae 3 Fyow A% A nEdel FhE o
MEt o2 Edm AAe, Aae] BEH, A4 ne 4EgAe ¢ 2 grhhe
el 1ol Slel frelsA el el EADEL A A EE RS T
F FRAAE AAT U D AAE ¢ FAGeE fold Aol7h AT

3 (

R o )

4 gl AaE wad 4, 4 elA Volu
7 ol

AF A, AF 6ed F 328 AAE Hag A3, 4 Ul GAdE =
(LH)ol ++olstAl 4 (P=0.008) st o, A b SAH ez fFod Apo]7h 1
o Zab delA FAPZEs =R Ao AAE Bl AL A o8& Jhed dA4E
2 & (bioavailable form)®3 YA T2 849 F7F 7S YeERdT
PAARE E4T A3, FAabelA Al A= 219 (2658%, S 0 =R P I R
& A= 47 (1081%) o=, A 3+ Bl Fo] 49 A&FS Ytk (P=0.054).

W 717ke] 3070 wiwkQl A} (F77: AT 569, SEAIE T 21%)S iAo ® ¢
A Azt diE F7F EASIE Y. Al AR5 BEASE Ay SO A% A=
184 (32.14%), ZetAlE oA A3k x= 29 (952%)0 2, AFH+ 7F vl o3
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9l pol2 LFEFWITH (P=0.044),

A F7h= Al Folsto] HAF 13] o AAAEAHEA
A 1207 (Safety w4 dgom ZA3Ath AAIX S A 98 A F
TR T AR 9k 2798 Y] AT Al F 4139 A=, B
ARSI 1346 TE o] gutg-o] EAsIA o, F *éﬂ%? 3 ol dntE
How o7k gllar, ol dutg3h JAA A EAFEAFL A Alolol <l
than detsidith. def HAF 2G9S JAF Aol E A, 9 eR

r2
-

ofo iy
o
s
e
30, 0 . O @ O

=

o ol
Oerf

N
o off mx ok

lo 2 o i v
N

=)

B A2g8 So| A Alde Ao ALEA =D Az A JfMe] e )

A7k AAAGADAAE T HA A BeART vmstel ool Fe
120 AE Ao vl Eo] F7FEHS Flekdlar, el 7Igbe] 3070 wwkel oAt
WA Eenzel Wd GAEE 4 AL AAE 5 2] ol B BEAN
gate] whe) Aol ETH V)% :

5&»

fr 24 3l

TR A EARe] IFEH = S EEA T
ARbEolu AAAs T BEE A FRES AN 7 A[JT w24 671E A A
7 Aol kst A5 Axpe] A Al ThsAol dee FAE & UM

Al A Aol Al Aol p-value u}EE 1] -0 -
AAQEAE F ddAE ST A B Fo3st 23E 945 F US o= ddd

.

ool A g A F el A7) 7ke 2015, 03.10.5-E 2018.01.13.9021, IRB = i 95
(2018. 6. 21.) % AR $&8 (201873.) stRoH, 7% mew%ﬂﬂﬂ@%Aéﬂ
RIAME 2ZHAste] AZ3A T AAAEAE daEd KGC04Pe AA-54 7154 4
e 9ste] AokA AEMF HAEAS g5 oy AANHEAE Ao FA-F

Aol Hd FEAdS &9 &+ A ulE ARt O]ﬂ]’“&/\]?ﬂ BaME 7FA AL
A ofA e B oeN AE7E A A Vs Al Wi w244 gRIF visit=
2AES Ao 71 AHAME A oA Eskdth

T F AT LKGCOP) o AAeed 715 SR A 75 AEs 359 AL
e #Ed A 58 29 R o5, 25 % oA ASA FrE Agsiony 7
s BRI &7 5o 74]§°ﬂ gk 3ol off& Aoz dAdtd.
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HAAR 52 O AEsy
PEFRE -

Eoum #x JRE BE B OF 8 @SHE T3 HDNE M0 0g a0
AT HE YT GE0 BRHRD. =U 2
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WUEDE 0 2= OY SEOL UN B0 3FST SUD. God B4 EHE

SHO UBE BMEI WE D ST JEEE0 SURE Y & VU
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1) = MR KGDP 8 ICH-GOPE F4NE dUES B BEH 3F U6 B 3RS SsuUn
= GUAR N8mE 2ST |2 28 TE EE

speen guality
S 12 S5 ATMUNA WIBHLIC
Oy RUEN HFE AU B S ERERT T8 BENT ROE
HEW ETON + GO
o wa O 4= an O saZuER N REE W BHE HEIW AEDH0 5D S GEN SN ARENAHD)
fta 2 C =2=aw SEND
e Gadalih it o, BRNUTE ALDIY SENEIESS BIU MW X
L BE-ELEEE R =BT e AR A
o B HEAFEDN YKo BUD
> = — o e A9 HER + 2aLUD,
= R i 10} SHIZ B0 & 6N OLH HIT HILRE MASISHTON URH0 $H EBUE OHINGD FU
= nEl)
— AT RIEEFE = ARNNA I8 S5 SN0E MECET SUSSE WE S SERD BUD.
e & DR Es 4] MEE L Snu N 12) FEDE E2 A 230 2T < Ul
13 BERAT &
B EnEZ o HRAEN REST FUAUL)
o = R = T | D SF UMANZ Y DET 2887 M 2nsos
BrERe  [ocSEETs O eafae® O B et o) st} EEE 0l BRSO BE. 0l B0 8
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IR f ) Tl = #3 Non—cinical shudy [in vitra. in vive orecinical study)
weR HRA
Smudneas | & | [ [ JOBANTD BLHER oneTSAMAREY
=@ | 20150138 ~ 20720108 |
RS I |zﬁ|->u-_-u~\ | s |
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AA A EAIE IRB 23 i FTAA
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e
Eal
1A
]

MEZWHE DA

Buo ENESY U ED  REW Q8 REg W AHLE @60 HE
24 F, Ch2i, RIAWE, CISE2E, ST U 2EZEASE

SDAFARERE |2 BUAS

230

HEUKED

PIWAIR ABE 03.10

HHEFAY BEY |2078:01.13

2018.06

CONFIDENTIAL
= HHTEAEE Good Clinical Practice(GCPIE F=50 SEI&sLITL
O MFEIAE JNRABNN, 230 2 20 DM BURMNHL SHE = 8l

UL

o X EHAE
20%® IEm B2
BEL
B SN JFTEE B teos
SIATL. BTOETE FRAND, 0FEIE S B = ANIFAR
o E|EHT 81, BOHZE HAIUH TBF
SIPK B4F B LRTEARN EHIRCH

QIHRREAMM DN RS ZDN B

£ Y AREES OX 3D 435 2= 8

E-

AtlVolums, spsrm count, TMSC(total motie aperm count), motility
CABAVCL, WEL, VAP, ALH, LIN, BCF), Strict morphology, Vaality, pH), SES%A
(Testostarone, E2, FEH. LH, SHEGesx
& 4%

ané binding glabuls

m), Cortizol), 89

i

q

Ko ===

U T2 & 1208 SHAM

U FETATE RB B T1EY (BAF T0A
=T
HE & BUAMLE ClUY FF B

My 2

ViainJt &HTWA
TOIDF UHLH O =0.040;

=3=cz 2oy 7

715 HFE A & dAHEAE A E A
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FEWS D-06

4-1. HFEEAHE
7FoHES AAER 2 Fr Wy
(D ME AFe wA7IE FF oA530%): cGMP = o (A

=
routine QC, in—process control, red alertness tH] WH %), I3A4AF=(WHO &

5 <2 ICH)
o] F44r4 g9, AEEd ETF AT 7 oAF, AxELY] AT 24 FE
o] 5 ICH-conformed real time & accelerated =713} ¢t 4 A A5 &H oF JF

)

oF BAUE AF A 98, ZFE AF A R
Z7F 2 A Rl mAE B 2 1A FHE0%): =3, 1 2EHA =
zZ

F WY % 2EdS wF] WE nd % gHA WF Wl mx % A 7,
W za PA AALEA 24 FA3 B@ £29 mRNA R 9w wdAY, 3A4
4w oA B@Y A52E $84 mRNA 2 W A

(3) 94 TF 9F 1FG0%): 7, AP T A QA A5, BF YR FY, A

N
AT AH/F5 AH10%): /WEJAT A7 A 2 A A=

B = 9= o
(A% A 53} A v AFATEE %) AT UL
R (¢)
00 | g2ksle e & 2 (Prix, Gpx, SOD,
o WA 9 GC2spd CAT 5)°] mRNA 3 & e
(ARAE), TM3 (Leydig) = G241 B ) A (inhibin-o,
S - o), , : = 1] 1=d]
TM4 (Sertoli) cell line ©]-& 100 rﬁggj 5)% mRNA 3 ©¥2
S5 S AEEs o F e
g e AT L e A5 2E A9 mRNA O
0] wma aaw
A w0 | kst i & 4 (Prix, Gpx, SOD,
[ﬁﬂi} *‘T}M » CAT %)¢] mRNA % i ure e
o le]
24 W 2% = A2 - @ A (inhibin-o,
, L S T 100 nectin-2 )¢ mRNA 2 ©w =z
12 ul 3 ak
R O =35 6/MeH) o] &, 2 -/SE_EO.L =829 mRNA 2
(2013) mRNA % wag wrg= ghe) 100 SR EARRORC S
AV R S oy |
1 gageaEean)
w00 |° 8% A3 2+ (testosterone, LH,
FSH) &
100 | = AT dm A HRAHAYAS)
(A3 =] - SatdE R AE] THEERE
S A 71 E(ICH|O AxFA HAsta+ 100 s
ike) . - =
f)t H\gljozﬂ;l - TARA/FAE B
o na == = =] == I
T4 A Do zaua w e - A EA(RFEY FEE), IAE
wAA EE gz g% 100 | &4
st AlE N e * in vitro ¥ vivo BE2AY =4
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A&

O YAAEE AE <9 clinical

A73AE -8 IP(Investigational
Products)®] formula 7% % A4k

formala 5 100 |- AN AN, ud 2 3
o QAR FARY Y L F
3
= H
%45 Ginsenoside Rbl & Rgl 7+
O wAstet# A+ 100 2g oAt gH
#EF 72 o4 H £5 A9
(#1235 ]
DA TS
- LA b O:] 5,%_ Al o] o] 2] & Pl
AN F% ATAYA HolE $nd.
T % s
% 5
O A3 3 GC-2spd w00 | ksl d 4 (Prix, Gpx, SOD,
(JAA L), TM3 (Leydig), CAT 5)° mRNA % oy 2y
TM4 (Sertoli) cell line ©]& w00 |° AAAAATE A (inhibin-o,
S5 /% &4A| (doxorubicin) nectin-2 5)2] mRNA 23
& 100 |[=Ads=28 #8019 mRNA ¢d
0 | 23l e & 2 (Prix, Gpx, SOD,
CAT 5)° mRNA % g gt
« A2 A] T Bl A (inhihin
(A1 4] 5] OX} Y o;&: o E(lg?lbln (;L,]
Az AA 100 | nectin-2 '5)2] mRNA 3 w3
4 AN & ey
L S T Az #8749 mRNA 2
O il ~Ed 2 (Heat stress) 100 gw g w2
w2 (G s B A sterA S
01 mzag)
100 g5 A T2 (testosterone, LH,
FSH) &=
80 |- AT dAvH #HF (AR T)
FSAAEHEYS AN AT E
dAeom, AxTAE S5
) s GMP AZGA NN T4 graS
O FA7IE 3 Ax 5H A U Sero et
215 00 | AETAL AP L.
A cAg APAED dEAFS AN
9, £ 2 e F A9 wAg
e & Fatol Busde
%;;1 . cAmEatl WE AETAS A
AEan 2o A3 AL AEFAL A4
al iz K] A o — h=a
X B A0 TAFAAA A TR i B
B2e AB o ymana apea ge | 100 | 1A AFel e KoLas A
e v K Hlel A disorel w4 2 FEE B
e AAEd o dgo digh kA
e BAdG L.
oy |TAEAEE dus) sl A
i E=S Q 3 3 :
O Basiety o EagtaE o] &3l9] ginsenoside Rbl
3} WA = RelS 7h7} 2g o] 4
100 R R
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LC-TOF/Mass& ©]-&3}o

100

* WHO %+ 7]+ ¢®

FAEE 77 )
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OQL' sk
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HZAE 9] clinical formulae 24
O A8 A% 9] clinical AR AR A ES AAe AL, £ F
formulae €4 % A AFE&| &0 e R e I R R
AFE AL, 5 swokal low, Aike 2
batches+= <F44d A3 2
FATAS AAst= AsE ARSI
= WHO ¥ 7] mjure] AX 7317J.Z_7
O AFYAA AA 100 | oy s ]T] | fL; Fews
1 OX]"E‘E 7]';1(__ 7]*3:‘ 7o
B E 7 AR S E/AEER
O ABHAF BA 24 oo |"FE & AT leEE S,
A9 =] ZEY 2~ 328 g F4
oA T2 = * CASA(computer aided sperm
& a4 welo ARe 4 9 &z 100 | analyzer), B2 54 25 RA]
AR s o 2y
= ul 7]5%1 Aol A (31 } ol
o o = ) 7
x =y Yo BRE B3 A7 ‘Z’Ij E(Ai”’jﬁ °3’U
2 100 | Ao A, FAE fE
= LA o %, QAT Ao B
0% SAE AT A7 A% | | T[-5=s A I A7 AR
28 A Ay Fu 9 8 NF A4
4-2. HE R 7)o
O B/ AFAE TFF BE RUL oG] FAMY S /AL FHIF =R T
=i AUt dEETE AA Ve AFE 52 ARAR 559 A shu= gl
%, BT weRlA 2R 1 AR olojA Ltk oloprlolth afuE X Y

S THEA AAES EATE AE

O AHARe] afemgle] Sl dE, vk Pl=E FAHSE deEFs FHste] #deEsta de vhol
oAEdA 98 2 AEFS ¢4 FFte AFS FHste] A3 Ad

O =ule] ¥rts] 7 9 A& v 249 nAY WSS e oA

6. ATHAAAN 1% AR I| AR
| EELE | D-08

O AREZ EFF 4, validation A HEAH, IFsd A AW #=3

- ICH guideline, Ph.Eur.(++ 5 ¢F4), J.Ph(¥2eFd) i

O #d &7 oA
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STABILITY TESTING OF NEW ACTIVE SUBSTANCES
AND MEDICINAL PRODUCTS *)

VALIDATION OF ANALYTICAL PROCEDURES:
METHODOLOGY *)

C. CONTROL OF STARTING MATERIALS
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