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{ SUMMARY >

| F=ENE | D-02

O Development of fermented ginseng functional food with biological activity
against male subfertility derived from oligospermia and asthenospermia

O Establishment of manufacturing process conforming with ¢cGMP and quality

Purpose& specification qualifying for ICH specification guideline for herbal medicine
Contents |O Elucidation of stimulatory mode of action for fermented ginseng and compound
K on spermatogenesis
O Development of globally accredited ginseng product
O Development of ginseng product with annual sale of 20 billion won
O Build-up of standardized manufacturing process and quality control system for
GINST with biological activity against male subfertility
O Acquirement of standard reference materia (SRM)! and dossier establishment
for the SRM
O Establishment of cost- and labor-effective method for pesticide residue
elimination to non—detection level with health— and environmentally friendly
canola oil
Results |O GINST improves blood sex hormone imbalance
O Development of large scale production of fermented ginseng product
O GINST was found to protect decrease in testicular sex hormone receptor
expression levels induced by psychological and physical (heat and ageing)
stress
O Elucidated stimulatory effect of GINST on the testicular expression of
antioxidant enzymes, spermatogenesis—related transgenic marker molecules and
sex hormone receptors, thus increasing sperm number and quality
O GINST was found to be effective against male subfertility by improving sperm
number and activity
[Application]
O Can be used as a male sexuality improving agent
O Can be applied as globally approved herbal medicine effective against male
subfertility
O Can be applied also against female subfertility
Expected |[Expectation]
Contribution|O The 1° globally accredited medicine for male subfertility
O Creation of new ginseng market as a functional food
O Secure eager and loyal consumer group, thus promoting sales continually
O Plays as an activator role in depressed ginseng enterprise
O Birth of popular ginseng product with new and original claim (indication)
O Contribute to national birth rate increase
Keywords Fermented Standardized Male subfertility Spermatogenesi Functional food

ginseng ginseng product S
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Figure 4. Effects of GINST on testis parameters related to spermatogenesis in aged
rats. (A) Sperm number per tubule, (B) Sertoli cells per tubule, (C) Germ cells per
tubule, and (D) Sertoli cell index. Statistical comparisons: YCR vs V-AR, ‘p< 0.05,
“p< 0.01; V-AR vs. GINST-AR, “p< 0.05, #p< 0.01. Values are mean + SD (n=6).
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Figure 5. Effects of GINST on testicular antioxidant enzymes in aged rats. (A) GST
activity (umol/min/mg of protein). (B) GPx activity (umol/min/mg of protein). (C)
GSH level, expressed as ug/mg protein. (D) MDA level, expressed as nmol/min/mg
protein. Statistical comparisons: YCR vs. V-AR, “p< 0.01; V-AR vs. GINST-AR, *
0.01. n=6.

C. GINST AR

Figure 6. Histological analysis of seminiferous tubules in the rat testis. Representative

images of tubular cross-sections of testis from young control rats (YCR, A),
vehicle-treated aged rats (V-AR, B), and GINST-treated aged rats (GINST-AR, C).
Sections were stained with H&E. The images are typical of those obtained in five
independent experiments. Scale bar = 45 pm. LC, Leydig cell; PS, primary
spermatocyte; SG, spermatogonium; SP, spermatozoa; SR, Sertoli cell; ST, spermatid.
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Figure 7. Protein expression and confirmation of changes in expression in AR and
GINST-AR. (A) Arrows indicate proteins that were differentially expressed in V-AR
relative to GINST-AR. Protein levels were quantified from four independent
experiments (*p<0.05). The numbers indicated in the gels correspond to the numbers
in Table 1. (B) Protein expression of GSTmu5 and PH-GPx in testis tissues. Tissue
lysates from V-AR and GINST-AR testis were immunoblotted with anti-GSTmu5 and
-PH-GPx antibodies. The images are typical of those obtained in blots from three
independent experiments. (C) GSTmu5 and PH-GPx mRNA levels in testis from
V-AR and GINST-AR. GAPDH served as a loading control. The images are

representative of three independent experiments.
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(2) Heat stress@ <13+ GINSTY] aAtstats §4(Prx, Gpx, SOD, CAT “5), AAMA A=A ol

3

Z (inhibin-o,, nectin-2), 4 T 2 & (FSHR, AR, LHR), /A% 7|5 & & 35}8}A]
4T /5 = F(testosterone, LH, FSH)3H&, AAI# v w3

(3) Immobilization stress® <1+ GINST®] AFstaked &4 (Prx, Gpx, SOD, CAT %), A4
#8 o A (inhibin-o, nectin-2), A &2 F&A(FSHR, AR, LHR), IH/A1% 7% #& &of
s}8tA] =, d5 A E = H(testosterone, LH, FSH)3 =, AA# dvl7d &

O F44 71 FoAF AL

= i3

o
N o

= 7

O AFEEZA] validated A% =41 &5

(1) ICH guideline =

(2) Compound K¢ validated A% B2\ (AeA, AXA A3, AshA, W9, A8,
AU, A0, Aad A84d) g -

13t 5+ 4 71 (specification) 2]

O AF s5=
525 9% 3 batch QC data(=2]-3}3F 2 mAE A} 9= 2 3875 X349

(1) AF 5

H

(2) AF A7 FHE 913 real time & accelerated stability ZF5 SHE.

O ddd+5 &3 *d /Hd 25 9%

(1) CASA(computer aided sperm analyzer) X microscopesS ©]-&3%+ sperm morphology 7}

(2) A e] MDA analysis®t g A}¢] Halo-sperm study %I3j

(3) serum OT/PT (AST/ALT), serum FSH, LH, Testosterone, SHBG FAALES &3 YAeF Fof
A3t 5 A wla b

(4) A5 AJAY TH=S(brief sexual function inventory), 3] = =(fatigue severity scale), F
©] A(SF-36 health survey score) B7}S =3 Aok Fol A3l Fo Ae vlw Hr}
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Ak A mla 538 10,3067, 2,403, A 8571, ] 8971 587t A

AERAa, 2 F A Fu e WAoo RN FAHES Fole 53w 27 AAHA
). sty - (radish leaves)S ©]-8-3Fi= WH[US patent 05736144]°]31 5= 3S}Lf retinoid
agonist (¢: tarzarotene)©] THUS patient 20070060620]. 7 A2l A9 A 2= viA=
Hol™ retinoid agonistv= A FElol thgk Awo] (= Ao Hol AHI Ao AL
FoEM G FEHE A= AoE HRh

O o]9o = 53] oYX vk tiAejefo =z FH3st= A% Vit. C, zinc, selenium, Vit. E,
Vit. B12, L-carnithine, b-carotene “ %=°]t} [www.edition.cnn.com, 2012. 09. 15]. 281} o]#
AES drby A soF AR o] FolAal Yol B4E ARE 5 A=Al disiA
v BuE v glal e0d Ve A E/ AR o ekEe] ofyth

O & HAAHE TEATS T3t nHAMLS Hasto =2 M compound KE T A E
O % 3= GINSTS AAAY 3 gxet 7Ids Rt dobrk 1 A& &3dhol
4 99 AN 2 AR BaE Stk B, ofvl Al vek gl ab/EA AlEs
e ApEskE AFoR AEE AdATsal & Al dside g 5578 Frea

N cia=s
O AxFgolA FHAHA ol27|7HA] AFHol “TIA7ZIE"A ICH (A=89Y3])e}
WHO guideline®] H#FHE=E oz A4 A AYS Hx=z BE A AT
A}l T (clinical study), A ZF4(GMP), =2 &7 x5S &M 3}
O =l &Y Aol 3509 Y(medisobizanews, ‘Ul EUXEA Al XAL o} AR,
2013-04-1) o2 FAH I A= 7F-d dA FlelA AlFAEI de EY As5AE o4
=

ol #Ed wEFEACE gFEd. 3 =ddd ddE ARA= fla unt s
A

(pharmacodynamics),

O P4 =d&Ato] tish A&E AFxAL A= el E BESI BaE o] gla.
T AEg B59 15%7F ESlolH, FA Y 70%7F AES dvhal 7pgetd A

2 g,

O Al w&olA AlAHIL e &9 A5AS A4 B A A=A diFEd.
o+ FdoA @A B A AAAER AGA wjded g AFE(EAZ AEAE
2012-01-o4>7} Kot AAl el FAE Bl FHEEH AR Q= B XEAE

L O

N wE x}§(2013 5. 24. vol.57)¢} Dailymediol =¥ 7]XH2012.

20 meW @7 o wyAe] wgol
U of] A /\]Zﬂ—ﬂ N FAEY ASARE AMEE A4
e Hgo] A AR o U}l gk}, E3$F CMH Health International®] & Aol 2]s}d
2003%-E 2007d7bA1 9 T B A mA AR 242 20915008 9194(4,00091 9), 23
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Fig. 8. Ginsenoside Rg3(Z)<} compound K(-5-)2] 32

3. d7¥ W 2 23

| JcHs D-05

7h A

[AAF - A2 A d A 25 2 71" 1]

(1) In vitro 23

(7h) Al wl <
ul =k A EFLYATCC) A Z ol w2} No. CRL-2196 Spermatocyte GC-2spd, No. CRL-1714
Leydig TM3, No. CRL-1715 sertoli TM4 cell (ATCC, USA)< oA 37°C, 5% CO,
incubatorol] A Wl &3ttt GC-2spd+= 10% fetal bovine serum (Gibco), 100 units/mL penicillin
(Gibco), 100 ng/mL streptomycin (Gibco)S 3 7}8F Dulbecco’s Modified Eagle’s medium
(DMEM; Gibco, USA) Hix]ol A wjeksttt, TM39 TM4+E DMEMI} Ham’s F12 (1:1, v/v)
Hj 2] o] 5% horse serum (Gibco), 2.5% fetal bovine serum, 100-units/mL penicillin, 100 ng/mL
streptomycins ¥ 7}sho] wl gkt

() ZrF A=el olgk 13k Axe A4 FEE Wolay AT
@ RNAFZ=
Total RNAE InvitrogenA}2] TRIZOLA| ¢F-S o] &3le] FE3tAtt. WA v

AEZE

ool

\__

2 & FEE (KRG- WE) 100 pg/ml, ZAFEW (CS) 10 pg/ml, HIAFEW (NS) 90 pg/mlE 7}
7y 2A1ZF A A 2] % Hydrogen peroxide 600 pMZ 1A A =5 £ o2 wjd Al
¥E PBS® 23] A2 th TRIZOL €9 04 ml H7F AXE &3fA121 & 100 ul
chloroform & & 7}alal 2~33] & 4jolF v 14,000 rpmol Al 20E7F A4l Fg ko] 9
A9 ASHS HAAY. 1 F 2-propanolF} 1:1Z &3 ¥ 14,000 rpmol A 1037F LA &
gate] A=de vy e I AES 75% ecthanolE A A HAES AXAZTH thA] A
A&l DEPC A3 TF-E 20 pl® Yo RNAE &3lA71aL A st

@ T¢aA(PCR) HHS

TRIZOLZ %3k RNAT M-MLV reverse transcriptase] protocol= AF8-31o] cDNAZ &+
Atk JHAL 9SS Yale] total RNA (1 g)ol 0.1 g9 oligo-(dT), 10 mM dNTPs <

1 O
23 65°CoAAlA 1023 AAAA LS ZH single strandE AATE 1 Fo] 1X single strand

_‘IO_




buffer, 0.5 mM DTT, 200 Unit M-MLV reverse transcriptases 34 7}s}al 25°Coll 4] 10, 37°
Col A 508, 70°ColA 158 w3A71 & PCRS 7+7+o] tubed] 250 ng cDNA, I1xPCR
buffer, 1| mM MgCI2, 200 mM dNTPs, 0.2 mM2] primerE %3 PCR Z71%1 92°CelA 30
Z, 60°ColA 45%, 1 Fo 72°ColA 30%, 30 cyclingdtith. PCR ®¥+3o] E4 s 1.5
% agarose geloll 6 IS ¥l A7|dE & F FAANS o] &sto] wkgg skt
@ k3t #E 249 mRNA HdHF 24}

Ao FolH o Wt SFEE - S-HAEEA (Glutathion S-transferase, GST) &
79 el GSTmS, = FEFE] #4884 (Glutathion peroxidase, GPX) & #/< 3Fu<l
GPX4¢} 1139 mEFZE=golo A Eojx o7 W3 yi= PRX (Peroxiredoxin) +¢ &<l
PRX39] 233 mRNA FEoll A AT ARE S primerd] @714 €2 &3 2.

GSTm5: TCA AGC TAG ATC TGG ACT TTC CTA A (Forward)

GSTmS: 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)
@ T 2 pathwayoll Al AAAA &l FA=9 mRNA T A}
BAYE Eos dotry] 8] st 2EYaw 3 AstE= EAE T AAw
°of A ARG T8I 4TS SF= nectin2, AZATIEE FAAES Ho=
A A7 F= inhibin-0®] mRNA 2& TS £ASAT mRNA LA A= Fakst &
2 mRNA T A 548t g os F3a3n

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

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

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

Inhibin-o.: ACA TAA GTG AAG AGA CCT TC (Reverse)
® 4 T2 receptor ¥ mRNA A F A}
et d B AR Qs udk ME el A4 TEFE receptore] WA zpolE HI] 9
3Fo]  Androgen receptor (AR), Follicle-stimulating hormone receptor (FSHR), Luteinizing
hormone receptor (LHR) ] mRNA U &S ZAFSHITE mRNA WA A= 4tkst &
2> mRNA 2 AL Sd3 BRio s Fasqd

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)

i

O_i.,

(2) In vivo 23
hH 2¥ 5=

_‘I‘I_




Lo

P AS 2L 23 £ 2°C, F% 55 £ 5%, ATV AR FAEH= ¥
SPF (Specific Pathogen Free) =710 A Al53F% T
@ 1270 €89 =% F(male, Sprague Dawley)E T °]F 471€ &<t AIN-76A A5 E
oste] AdS WPt A dHdL 2 FA E=7(YC, Young control, 77 %)
H# tZ3(0C, Old control), GINST 200mg/kg b.w. o (GINST-AR, 200 mg/kg b.w.)
o7 glom Z; ot gutejH o ® A
@ 4572 Fl(male, Sprague Dawley)= T °lF 6714 &< AIN-76A ALRE Ho]&to]
AeS APt A AAHLS hETH(NC, Normal control), 112 AE# 2 2 (HC,
Heating control), il Z=E# 2~ A2 GINST 100mgkg b.w. FoI (HG100, 100mg/kg
bw.), 112 2E# 2~ A7 GINST 200mgkg b.w. 7o (HG200, 200mg/kg b.w.) S = 3%
otq 7} 7o (om0 m e
@ 4732 F(male, Sprague Dawley)E T °lF 671¥ &<t AIN-76A A5 E F 5}
E;je Aegstdn, A AALS g2 T(NC, Normal control), 7% ~E#H A~ ) Z24(IC,
Immobilization control), <% Z=E# 2 A& GINST 100mgkg bw. F3= (G100,
100mg/kg b.w.), 74 Z=E# 2 A2 GINST 200mgkg b.w. F7-(1G200, 200mg/kg b.w.)
o= t¥om 7t & 1ovElH e R S EkSlth

I
=]
, AL

(1}) GINST %o

GINST+ rat§ AR #H7F Aoz A|xste] 8 i
O 200mg/kg b.w. @ 100, 200mg/kg b.w. @ 100, 200mgkg b.w. 7}
of Folatdtt F 67/dxre] Fol 73 <k 79 23] AT Y
wstel FozM AT div] 19 AHHAFS AL

%
g Az

o

>

T
u)
N

i

=
f o

oot

ol
bl

o] A

—|~
Noﬁé—%

ot 2
e

r
oo
=1
==
N o

st ke Al
o7 RS A=

gt 2] 5 (Blood Chemistry Panel) A}

£ o8, w=3=E Qste] AstE= d-d Wsh, & 3% AFAWA 75 (Gl
glucose, T-cho: total cholesterol, LDL: LDL-cholesterol, HDL: HDL-cholesterol, TG:
triacylgrycerol), &2+ Y] (testosterone, LH, FSH) & XAttt A stex| ==
A 8} 8} 215 4] 7] (Hitachi Medical Co., Ltd., Model 747, Tokyo, Japan)E ©]-83}lo] F24<]
012\1—74/\]. HohﬂJoﬂ —.40}04 zxq 0} 1:]—

(

=z A 18

(=t

~—

2]

r

SEELEIES
AFd 0, A%, vd D 08 242 £ BAn HAEHOE Ixam 27| A A

A kil
2} % 10% buffered =7 formalin & <ol 4847+ 314 automatic tissue processor(Citable
Al

2000)E ©]g3le] A&, Hematoxylin & EosinH&E) 943k & dujgdoz s

_L4
o~

k]

h 84

4
>,\1

JEF o] tatel EAA el Walsha Ad ue] 28Ut Johnsen's score= ofal <l
710l 9]8te] seminiferous tubules ZF 71 & 1071E #&E3sto] A Fst ATk (Table

D[4].
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Table 1. Parameter for testicular biopsy score counting system by Johnson's method

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}) 123k Ao A 9] RT-PCR

O RNAF=

Total RNA+ InvitrogenA} 2] TRIZOLA] ¢F<&

gol TRIZOL &< 0.5 ml H7}, =2 & %6HA]9J % 150 pl®] chloroform & <4
2~33] # AolF TS 14,000 rpmol A 20E7F AR 3 LR
TRIZOL 0.5 ml#} chloroform 150 ul< ¥ 7F ¥ 14,000 rpmoll A 203 9423kt
Al S5 HE HSE & 2-propanol?} A5 AE 1112 &3 £ 14,000 rpmol Al 1023F LA
gato] FsHe W JAE el T 75% ethanol® A 31, AZAIH T thA] 3
o] DEPCE A g3 F/FTE 60 pul¥ ¥o] RNAE &3|A17] L F st

N
-
of
—_
o=

ol

0%

—r’ 01)[
2

[o

N

e

o

>,

oz 12

L

@ T¢aA(PCR) HHS
TRIZOLZ %3 RNAT M-MLV reverse transcriptase®] protocolS AF-83F¢] ¢cDNAZ
stk GHAL W3S 98k total RNA (1 g)oll 0.1 g oligo-(dT), 10 mM dNTPs <
Yl 65°ColA 1087 AAAI DO ZM single strandE AJTh L Fo 1X single strand
buffer, 0.5 mM DTT, 200 Unit M-MLV reverse transcriptase= 3 7}slal 25°Coll A 104, 37
Col A 508, 70°ColA 158 w3A71 F PCRS Z+7+o] tubed] 250 ng cDNA, I1xPCR
buffer, 1 mM MgCI2, 200 mM dNTPs, 0.2 mM9] primerE %3l PCR Z71<l 92°CollA 30
%, 60°Coll A 45%, 72°Col A 30%, 30 cyclingatAth. AF&E primers ThS3 o1 PCR
HE-g-o] £ U3 2% agarose geloll 5 pl® S loadingstil A7|g&s 3+ ¢ 3 o] &

GBAL ol g
aho] wg-e s,

—

=
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How HdstE FFEE R S-HUEaA (Glutathion S-transferase, GST) &
9o sl GSTmS, = FEFE2 #AFsl a4 (Glutathion peroxidase, GPX) &7 3}l
GPX4¢} 113to] nmEFZ =g oloA Eolxog Wdy = PRX (Peroxiredoxin) 2| 3&}u<l
PRX39] ¥ & mRNA FFoll A ZAMSEA T

GSTm5: TCA AGC TAG ATC TGG ACT TTC CTA A (Forward)

GSTmS: 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)

@D A =22 pathwayoﬂﬁ AZAAA BdE B2E9 mRNA @& 2 ZA}
5% o] dAs) Asd 2EdsR A8 AsHE
AR Aol F 3 93S JFE= nectin-2, GEAF I 2R FHAAS 34X
2 fFAAA F+= inhibin-0®] mRNA ZEFS ZASHATH mRNA DA F AR ikst
S mRNA &2k Z/\]-ﬂ. T3 Ho g 3 ].

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

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

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

Inhibin-o.: ACA TAA GTG AAG AGA CCT TC (Reverse)

® 4 T2 receptor mRNA & F A}
Abetd 2B AR Qe 3 MAE U A T2 receptore] WEHZ AfolE HY| 9|5+
androgen receptor (AR), follicle-stimulating hormone receptor (FSHR), luteinizing hormone
receptor (LHR) ©] mRNA T HFS AT mRNA &= A= 848 §4 mRNA
LA AL TAdE UHoRr F3eth

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)

Eol# vz HZE=S 9a] Western blot HHS o] &3ttt = 138 248 F=3 o}
& standard buffer (RIPA buffer 980 ml + protease inhibitor 10 ml + phosphatase inhibitor 10
m)E ¥ SMES lysisA 2] oS dAEE (14,000 rpm, 20 min, 4°C)sto] G A F

(W) @arst 2 AN B E wd Y
H
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slo] @A S Aakstgh dA e Gl AT} Joading buffer (5X)E T o 10%
SDS-PAGE A 7]9% & PVDF membrane®] transferd}ith. 5% skim milk= 1A]7F
% GSTmS5, PRX2, nectin-2, inhibin-o, actin 12} &A9} overnight WHS-A]Z1 ¥ ECL

detection &< (Thermo) &= 2215}t

blocking

(AH A A<
BE A8 FAEA 2 SPSS F A packageE AF&sto] AAlStal, AR = Hd ) %
=¥ 2} (standard deviation, SD)Z ¥A|&FAth Ag 7Fe] 2Fo]i= one way analysis of

variance (ANOVA)E A3ke] AZshM, p<0.05 FFolA Felgel #28 35 7 49

o Zke]l Hatgke] Apoleo] thdk #2942 Duncan’s multiple range tests ©] &3} #7133
t}.
(135 : FA7IFE(ICH £ WHO 7%) 7% Alxsd &4 2 F4544 £253 AF A
1}
() Ax=Ed 15F &4
b ZEF Ax ¢ dAPAA AxE FH g IH901 RM (100% method HPLC peak purity
94%)S =5 Fo]7] ¢sle] & HPLC (ODS, 20 x 250 mm YMC-Pack,
203 nm, 55% CH;CN)E ©]§, TH901°| 3= peaks THIATE EHES
TE e JJ”%XJ 02 27T THTE SR 3 GuiAldA AAHETOZH
A FAY A4 & [H01 RMS AT
(1}) ¥+F% %4 : 'H NMR spectroscopy, °C NMR spectroscopy, 'H-'H COSY spectroscopy,

HMQC  spectroscopy, HMBC  spectroscopy, NOESY  spectroscopy, FT-IR
spectroscopy, Mass spectrometry, UV Spectrophotometry Z=A}3HC}

(th) ¥+¥ % © Melting point, Elemental analysis, Z}Z} ©& 37}%| 2] HPLC Method,
Water content, Residual solvent content, Optical rotation, Thin-layer chromatographic
purity testE A gHo)

() & A - A7 B2 37FA 9] HPLC Method® 3 4] A A g}

O A=A 9 F=FA(LOD & LOQ)

@ Sol4
@ 44
@ A4
® AAH
CEEY:
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(1) & QAato]l AFe] Ao A= &3}
7hH W& : F& A4 fs As T s

Y& FoE AESEs ¥y EdIgYel W g ddAe wje-al, A

A total motile sperm count 0.5x10° ©] 4

@ A7) %
G A7, WA ANE ATl WREA ABS %1 Ye B
@ n¥Y ($57] AY 140mmHg °1 4, 193 o] $7] F<F W0mmHg °] e Aww
AR 3 A
oy FFoz G ARF AY W FAH| i BA
1 ol HlAEsEE EE FAERA AANE B8 AAGe] i A
]_

s eeec
g
9
AV
L S
o
1o
|
oy
et
4
e
r\r
o
4
o

Aol < AR B &5 2+ A ¢ CASA (computer aided sperm analyzer,
AR E R4 7))

@ Ejaculated volume, sperm count, total motile sperm count, motility, morphology, total
leukocyte count

@ 24 4 F57] R ol It

€@ A A -7, AT, sle=d

(th @75

O 3 2A5S open label, F2H9] vl o2 1Y 33|, 3|9 278EH 1000mg/7Y & (& Q14
& 1.92g/9), =¥ 500mgHE(LaAMEF 0.96g/d)o = vfd, 374 1F Fo gt

@ gl &5 W g} o vl 2 block randomization RS A8k}

@ BAgArer dol HAL A 2AME BY GAIoF HEIA Fol F 371l A3E
t}.

@ BAPAL - A &, AR B, 54 H G 24 1 CASA (computer aided sperm

analyzer, Ak 2}-5 %41 7])& microscopic examination
@D Ejaculated volume, sperm count, total motile sperm count, motility, morphology, total

leukocyte count

® AAe A 2
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@D Sperm chromatin assessment (Halo sperm assay)

® 43¢ (Seminal fluid, B 5 AAE At FiF) Wl oxidative stress A A} F4]

@D Malondialdehyde(MDA) analysis

@ <

@D Total testesterone & free testosterone index, FSH, LH, Inhibin B, OT (ALT), PT(AST)

AEA AR 4ol A HIKSF-36), FA 4715 AT A (Brief sexual function inventory),
Y25 SA AT (fatigue severity scale)

@ = F9E, 59, 45 B 5", A5 3F ghopd AFsk= AR
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analyzer, “J A} A5 21 7]) & microscopic examination
@D Ejaculated volume, sperm count, total motile sperm count, motility, morphology, total

leukocyte count

® A

@D Total testesterone & free testosterone index, FSH, LH, Inhibin B, OT (ALT), PT(AST)

® AEA 2AE 49 d HIKSF-36), FA A 7% A | (Brief sexual function inventory),
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@ AAHAL - A F AR B 5 2 A 0 CASA (computer aided sperm
analyzer, A} A5 41 7]) & microscopic examination

@D Ejaculated volume, sperm count, total motile sperm count, motility, morphology, total
leukocyte count
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@H Sperm chromatin assessment (Halo sperm assay)

® 43 (Seminal fluid, B 5 AXE ALt F) Wl oxidative stress EA|AF &4

@D Malondialdehyde (MDA) analysis

@ @

@D Total testesterone & free testosterone index, FSH, LH, Inhibin B, OT (ALT), PT(AST)

AEA 2AE 49 A HIKSF-36), A A7) A A|(Brief sexual function inventory),
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Fig 9. J}”ﬁ}-’?ﬁ:oﬂ =9 GC-2spd cellsoﬂ %L’?}QE mRNA # ]ﬂ

= GINST % compound Ko =% &3 “ ™ Significantly different from control

at p<0.05 and p<0.01, respectively. " * Significantly different from H,O, at p<0.05

and p<0.01, respectively.

kA, Leydig celld] TM3 AMXZF9 79 ZAEsta4 300 pMeoA &4kst #d g4 9




mRNA HA=e] {FoA A7 YER O™ (p<0.01~0.05), THFES] AP oA
GINST HggolAe F= & WdHF J7lE Holy o] #A#FHGoH
(»<0.01~0.05), CK A g el A= Fod T7h= YEbUA] &gtk

PRx3 —
PRx4 —— c—
GPx4 — —

GSTmS | S TS I T—

GAPDH e cs o s s

Control HyO GINST GINST ok ck
300uM  SOmg/ml 100wmpiml 10N S0
PRx3 PRxd4
LS
i LS
3
1 x e
e :
.
a5 oS
Q o =
Contsl GINSTSO GINSTION k. cB-z0 Controt GINSTS0 GINSTIOO K10 cKI0
GPx4d GSTmS
1.8
1.6 ks
i . o
. ) L 5. = L '
i I
L3 L
Lok
1 LX)
L
os
oz
o o & s
Control H202 GINSTSO GINSTIOO <K - H202  GINSTSO GIMSTIOD K10 K20
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at p<0.05 and p<0.01, respectively. * Significantly different from H,0, at p<0.01,

respectively.
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Fig. 11. JJr/‘}EZ]- 2o =F%H GC-2spd cellsol] o] A4 T2 receptor-J mRNA

*

o] H X = GINST % compound Ko F% &3 ° Significantly different
from control at p<0.05, respectively. " * Significantly different from H,O, at p<0.05

and p<0.01, respectively.

TM3 AEe] 7% 300 pMe] IAkstq4 A 2Al A =& receptor®] {914 Ha7E U
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Fig. 12. ZAtstrae] =E% TM3 cellsell o] A S 2 receptor®] mRNA &
o] M X GINST % compound K¢ =% F3} “ ™ Significantly different from
control at p<0.05 and p<0.01, respectively. ~ * Significantly different from H,O, at

p<0.05 and p<0.01, respectively.
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() E?}‘}’}Xﬂ(doxorublcm) el 1?_“1]‘” A0 gk GINSTS Wols XA}

O
A - g}xﬂJ‘(;@ 2}, Sertoli, Leydlg) A0 gk GINST % compound K (CK) <]
Hho] g3 A2 98] dAaksle] st FQ 49 mRNA L HS XAt AR
MEQ] GC-2spd cell line®] 7d-9- doxorubicin 500 pM F oA F2olsk a7l #&2H A ¢
of A SAFE A ME A it A FEE Wo] a3+ 2AE 7 gl
T} GC-2spd cell lineoll Ao &AFsE 49 mRNA H3AHFS TFAAZE F Qe 528 %
12} doxorubicin®] A ] &HE& 500 pM o]F o R Fojd Hkory GA] JFTFS H A A
U= Ao R e o] 3161 73?}5 DMSO¢°l &3] 7] doxorubicine® DMEM Hj Aol #
71e AL AA o|Ae] = S A 7] wjFEo g MZEY, AA 2 doxorubicing
500 uM °]d A 73 ? *O“OHE] A e¥al wjA] Wl doxorubicin Y AF Bk A S
gkl
e prs
e | ——
., — — — &
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Fig. 13. Effect of GINST on the mRNA expression level of antioxidant enzymes in
doxorubicin-exposed GC-2spd cells. GC-2spd (sperm) cells were treated with GINST
(100 mg/ml) for 3 hr before exposing the cells to doxorubicin (500 pM, in DMSO).
The band intensities of PRx3, GPx4 and GSTm5 were analyzed by using an NIH
ImageJ 1.410 package and normalized to GAPDH value.
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Control Domorsbicin GINST
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Inhibin-o Nectin-2
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000 +—— T T — 000 — — 9

Control Dox 300 pvI Dox + GINST Control Dox 500 phd Dox + GINST

Fig. 14. Effect of GINST on the mRNA expression level of spermatogenesis related
molecules in doxorubicin-exposed GC-2spd cells. GC-2spd (sperm) cells were treated
with GINST (100 mg/ml) for 3 hr before the exposure to doxorubicin 500 pM. The
band intensities of inhibin-o. and nectin-2 were analyzed by using an NIH Imagel
1.410 package and normalized to GAPDH value.
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Fig. 16. Dose-dependent effect of GINST on viability of GC-2spd, TM3 and TM4 cells.
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Fig. 17. Dose-dependent effect of GINST on mRNA expression levels for antioxidant
enzymes in GC-2spd, TM3 and TM4 cells.
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7hH =" H o AA7|s Adle] tfd GINSTS o] &}
O @ AstetA] g n %= GINSTS] &%

Fig. 20 3% Ads=28 IFS Yed Ao=ZA =% F(aged rat, V-AR) tx 9]
testosterone 3% YCR ¥ 2|3k Zpo]l= AT A k). o] Hbste] GINST Fol

9] testosterone ¥ ARl B3] olstAl F7Fsl A th(p<0.05). ¥+, FSH} LHY

B

< d2 A E=I(YCR)Ol M8 ARl A ??ixﬂﬁl 7k 21 (p<0.05), o= x=3t= <
3l Ax B Y Vel AEELR Qi HAY T2 ZRE ANV AR WSy

Aol B Ayas Al dug ol wka] GINST ¥ o] i (GINST-AR)4 A &=
H] FSH®} LH®| 3% a7t ##Ede
MAdst7] ool AAAsEEEe] Y 87 8 H A 7] wEolet AR E

YCR V-AR GINST-AR

AR

W (p<0.05~0.01), ol= m3e] Hx AA 75S

Fig. 20. GINST F¢o =% #eo dF A 28 ¥ " Significantly different

from YCR at p<0.01, respectively.  * Significantly different from V-AR at p<0.05
and p<0.01, respectively.
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C. GINST-AR
Fig. 21. GINST %o x=% FHeo 13t =2 o 33 dAn 4 Azl LC, Leydig

cell; PS, primary spermatocyte; SG, spermatogonium; SP, spermatozoa; SR, Sertoli

cell; ST, spermatid.

Fig. 22-A= AA# W A =& veEll= Ao 24 YCRT thH] V-ARToIA 9] f9
3 22 (p<0.05)2 vElWon] o]d] Wks] GINST Aol A #28kA F7138F 3 th(p<0.01).
Fig. 22-B, C Z18]3 D& Z+7Z} Sertoli cell? germ cell®] 7NA] 4 2 SCI A EZA]

A 50| V-ART A9 94 TFAE YEUTHp<0.01). ¥, GINST-AR©] V-AR ] A
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Fig. 22. =3 FolAe A A #d Ao digk GINSTS &% ~ 7
Significantly different from YCR at p<0.05 and p<0.01, respectively. ™ Significantly
different from V-AR at p<0.01, respectively.
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P25 At (p<0.01).

3t <913 GSHE &4 A (p<0.01)Z GINST-AROIA F-2]3tA] 7} A A7)
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Fig. 23. =% FolAe A% W MDA GSH leveld] tid GINSTS &% ~
Significantly different from YCR at p<0.01. * Significantly different from V-AR at
p<0.01.
LS YCR oA o &gk dqbst 340 &g nls| V-ART S FolahA Had &4
S HAOYp<0.01), o83 FAE GINST-ARCIA = F93t A9 7jAS verih
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Fig. 24. =% FolAxe A3 W &3t a49 Ao thdk GINSTS &%, ©
Significantly different from YCR at p<0.01. " * Significantly different from V-AR at
p<0.05 and p<0.01, respectively.
& =7 o] A= FF
Fig. 25+ =% Ztel gk GINSTO 34kst &4dS xARSE 2324 V-AR®| MDA
level> V-ARZolM YCRa the] f+olat7l S7tsksien, GSHO &A49 4d9%= 9
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Fig. 25. =% # 7tolX MDA$} GSH leveld]l WX+ GINSTS] &%5. ™ Significantly
different from YCR at p<0.01. * Significantly different from V-AR at p<0.01.
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Fig. 26. =% # ztollMde k3 @4 Aol uv|xE GINSTS &3 -
Significantly different from YCR at p<0.05 and p<0.01, respectively. " * Significantly

different from V-AR at p<0.01, respectively.

SOD activity (Unit/mg protein)
GST activity (Unit/mg protein)
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staom olg Arle] FA A= GINST F
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E Z7)19] A7} heat stress® 2
oAz AAHAY. 53] A FA
(p=0.

o 2t

T e 2Efx B2 QlE frofshAl FAstden (p<0.01) GINST Fofel A= NC
T FEoR frolstAl FUFsE A th(p<0.01). ¥HH, 33} F313ke] FAI= heat stress® AT
oAl #ABA = oy GINST Folol e NCE &2 HC div] o3 A =7}
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7} w2y ;av}(p< 05). ©|ZHE GINSTS gt T i oAl Fub: wl$ A o|e
AHE 9 & gt
Table 2. Effect of GINST in rat organ weight of heat-induced stress.
Adrenal
Organ Liver Spleen Kidney Testis Heart Epidydimis
Group gland
NC 14.2809 + 0.7513 + 3.2484 + 34137 + 1.6855 + 0.6969 + 0.0782 +
1.9714 0.1275 0.1243 0.1225 0.1956 0.0405 0.0068
HC 13.7319 £ 0.7790 + 3.0959 + 3.3555 + 1.7007 + 0.6636 + 0.0762 +
2.1094 0.0673 0.1005*~* 0.0290 0.1905 0.0260~ 0.0074
HG100 13.8946 £ 0.7992 + 3.0674 + 3.4874 + 1.7314 + 0.6773 + 0.0759 =+
1.4594 0.1082 0.1189 0.1096 ¥ 0.1407 0.0552¢ 0.0075
HG200 14.7348 + 0.7871 + 32177 + 3.5177 + 1.7769 =+ 0.6824 + 0.0803 =+
1.8886 0.0768 0.0857+ 0.0861 T 0.0983 0.0853 0.0035

Data are expressed as

the mean + S.E.M. (n=10). 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; HC: heat-stressed control; HG100: heat-stressed and received GINST 100 mg/kg
b.w.; HG200: heat-stressed and received GINST 200 mg/kg b.w. p<0.01 compared with NC
group. " p<0.05 compared with NC group. 'p<0.01 compared with HC group. ‘p<0.05 compared

with HC group.

9{_-{
N
¥

e g

(p<0.05), HG200 |+
GINST Fof 1&3te
oo} #AGlol F4<Ql Zol&

Table 3. Effect of GINST on liver-related blood chemistry panels.

(blood chemistry panel)
6:1 ol §],?‘5L x] :’lz

W35l sk x| 420l 5] GOTY

s

ol

L= Zpol &=
Ro]x] 2FSktH(Table 3).

74§~ heat stress= <13l HA 3]

& YEFATHp<0.05). y-GPT A

@etor, ALB A5 9

&5 =]

27]—01—}~}\v—‘

T+ heat stress “Lig,

Al GINST %

Group GOT ¥-GPT ALB
NC 773 + 14.6 26.5 + 5.8 2.7 £ 0.1
HC 105.5 £ 23.5** 22.5 + 2.6 2.7 +£ 0.2

HG100 96.3 £ 35.8 23.0 + 3.9 2.7 £ 0.1

HG200 784 + 10.2% 217 + 24 28 £0.2

Data are expressed
Student's #-test and

as mean = S.E.M. (n=10). Statistical analysis was carried out by

one way ANOVA using GraphPad Prism version 4.0. NC: normal

control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and received
GINST 100 mg/kg b.w.; HG200: heat-stressed and received GINST 200 mg/kg b.w. p<0.01
compared with NC group. ~p<0.05 compared with NC group. 'p<0.01 compared with HC

group. 'p<0.05 compared with HC group.
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uk= o 3} 9o GINSTE o] st
AAE JAStE Aoz yelyon) foats dEEA gt} A uAEH A HE)
2 NC tiH] HCT 9 932 Fo3tAl 4433 GINST FoATo A= oz 3&
e BEFE HATHp<0.05)

Table 4. Effect of GINST on glucose and lipid metabolism-related blood chemistry

panels.
Group T-CHO TG LDL-C GLU
NC 89.3 + 20.5 70.5 £ 29.7 6.0 £ 2.2 161.5 = 10.5
HC 66.3 + 8.2 39.8 + 99 45+ 1.2 140.9 £ 15.5%%*
HG100 74.1 £ 10.1 439 + 20.1 38 £ 1.8 134.6 + 16.1
HG200 664 + 8.8 335 £ 155 52+ 25 164.8 + 27.4%

Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's f-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and received
GINST 100 mg/kg b.w.; HG200: heat-stressed and received GINST 200 mg/kg b.w. p<0.01
compared with NC group. ~p<0.05 compared with NC group. 'p<0.01 compared with HC
group. 'p<0.05 compared with HC group. T-Cho: total cholesterol, LDL-C: low density
lipoprotein-cholesterol, HDL: high density lipoprotein-cholesterol TG: triacylglycerol.

@ Ao doll mx= F3F
b Ak s Al A=

NC tiH] HC A Aol &5 A (motility) 2 & -5 (progressive)< & shA] 743 A
° 2 YERGTH(p<0.01). o]o] HFate] HG200T o AoA = AApe] &5 foshA MA
He A d F AAJTHp<0.05). 3+, average path velocity (VAP), straight line velocity
(VSL), curvilinear velocity (VCL), straitneness (STR), linearity (LIN) % elongation®] 1o 4]
v A22Efs 8 gixa diH] AR Atolel folgk WErh wEkE A erol
GINSTS] &3t& s = At

Table 5. Effect of GINST on sperm kinematic values of heat-induced stress.

verage
N Motile Progressive VAP VSL VCL STR LIN Elongation
roup

91.67 £+ 3193 £+ 3287+ 23.08+ 76.00 £ 6947 £ 3933 + 9547 +

NC
6.29 13.81 6.39 3.74 14.41 5.41 5.61 3.62
He 5833 + 18.89 £ 30.11 £ 21.78 + 7438 =+ 7333 £ 4089 £+ 97.89 +
20.68* 8.27* 6.43 8.78 12.01 7.48 5.16 2.52
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90.40 £+ 3590 £ 3504+ 2464+ 8050+ 69.70 £ 3890 £ 92,70 +

HG100
9.73t 9.40t 5.21% 3.90 7.93 2.71 3.03 3.53t
HG200 81.14 £ 3029 £+ 3494 + 2394+ 8154+ 6886+ 3943 + 96.00 =
15.94+ 16.02 8.19 7.17 16.81 5.98 7.55 4.36

Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and received
GINST 100 mg/kg b.w.; HG200: heat-stressed and received GINST 200 mg/kg b.w. p<0.01
compared with NC group. ~p<0.05 compared with NC group. 'p<0.01 compared with HC
group. ‘p<0.05 compared with HC group. VAP; average path velocity, VSL; straight line
velocity, VCL; curvilinear velocity, LIN; linearity = VSL/VCLx100, STR; straightness =
VSL/VAPx*100.

Sl U = FEFX 2 S-Z o] &4 (glutathion S-transferase, GST)

9] sl GSTm59F 113ke] mEZ=golo] A W ¥ += PRx (Peroxiredoxin) 2] 3}t
F8 <93 A3 GPx4, GSTmS 18] PRx42 45

heat stressoll 9] &l W& #Fo] oA A o (p<0.01), GINST Fol&= &H-9FF o

GPx4 CEEEES weses TS T GPx4
4 - +
GsTms D ——— eo——
PRx4 WD WS T T .
GAPDH (D GED G e .
0 - T - -
NC HC HG100 HG200 NC HC HG100 HG200
PRx4 GSTm5
4 5 |
N ¥
o = . . 0 | . ——— . )
NC HC HG100 HG200 NC HC HG100 HG200

Fig. 27. Effect of GINST on mRNA expression of antioxidant enzymes in rat testis.
Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and
received GINST 100 mgkg b.w.; HG200: heat-stressed and received GINST 200
mg/kg b.w. p<0.01 compared with NC group. ~p<0.05 compared with NC group. '
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p<0.01 compared with HC group. p<0.05 compared with HC group.

W ARG HE Gl d o] mRNA A g A
22 pathwayoll A A A4 A ol %ﬂroq 3l CREB-17} Nectin-29] mRNA & %2 heat

stress F-olZ ool Aasts AoE YERST(p<0.01). 338, GINSTE heat stress= <1
8 %743l CREB-13} Nectin- 24 NA A Fs FoeA 3 H/A7I= Ao= eyt
TH(p<0.05).

CREB-1 o s S w—

Nectin-2 i e a0

GAPDH D GID Gl T

NC HC HGI100 HG200
CREB-1 Nectin-2
3. 3
25 N
15 - |
” ' 1 I
.
HG100 HG200

Fig. 28. Effect of GINST on mRNA expression levels of spermatogenesis-related
molecules in rat testis. Data are expressed as mean = S.E.M. (n=10). Statistical
analysis was carried out by Student's #-test and one way ANOVA using GraphPad
Prism version 4.0. NC: normal control; NC: normal control; HC: heat-stressed control;
HG100: heat-stressed and received GINST 100 mg/kg b.w.; HG200: heat-stressed and
received GINST 200 mgkg b.w. p<0.01 compared with NC group. ~p<0.05

compared with NC group. 'p<0.01 compared with HC group. ‘p<0.05 compared with
HC group.

@ A2 5849 mRNA TdHF FA}

Fig. 2904 X.i= nv}9} o] heat stress F-3F A &2+ 48 A (luteonizing hormone
receptor, LHR), o] ¥ 2}=53% 2+ 4=& A (follicle stimulating hormone receptor, FSHR) X
A& 28 48 A|(androgen receptor, AR) &S A3 JAstE Aoz YEFFTHp<0.01).
o]o HF3l GINSTE heat stress® ©F7|H = AT E2E $£84 2d 7HAE 8§95+ 4o

s Ao veh.
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Fig. 29. Effect of GINST on mRNA expression of sex hormone receptors in rat
testis. Data are expressed as mean = S.E.M. (n=10). Statistical analysis was carried
out by Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC:
normal control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed
and received GINST 100 mg/kg b.w.; HG200: heat-stressed and received GINST 200
mg/kg b.w. p<0.01 compared with NC group. ~p<0.05 compared with NC group. '
p<0.01 compared with HC group. p<0.05 compared with HC group.

® a3k 27 Y Western blot
op kst B mEA )] ST FAL
Fig. 300 Yephd wpel o] d2b3al - g4 s 94 mRNA S 5d3
AFE YeEW T =, GPx4, GSTmS 2 PRx42] 7% heat stressoll 2|3 2&wko] #9235}
Al A 2™ (p<0.01), GINST Fo oA = §dF-JEH oz o] 353+ 3o
2 YEFSETH(p<0.05). ©]= GINSTZ} heat stress@ <13 7HA4sts drkslgse] @S 3
AT AFAE ojv] sk,
GPx4 D s TS TS GPx4
GSTms "D s @SN qu> 1‘ s
PRx4 LY e | i—— L 2 : ‘
Actin WM WENEE W—_ ——
NC H HG100 HG200 ° ‘ NC ) HC HG100 ! HG200
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Fig. 30. Effect of GINST on protein expression of antioxidant enzymes in rat testis.
Data are expressed as mean += S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and
received GINST 100 mgkg b.w.; HG200: heat-stressed and received GINST 200
mg/kg b.w. p<0.01 compared with NC group. ~p<0.05 compared with NC group. '
p<0.01 compared with HC group. p<0.05 compared with HC group.

W A - biomarker T A w2 A}

A2 pathwayoll Al AAA Aol #olst= CREB-13} Nectin-2 protein W& &S FA}SH
A3} mRNA T Fo A e} mpz7bA = 7 A B heat stressE 7Fal< o A =Fo] 7
23t AS ¢ 5 A Y (E<0.05~0.01). o]l W&l GINST FoJ+ heat stress= A3l 7+

>

Z23F= Nectin-29F CREBS] 2@ @& S/t AMd & &8t

Nectin-2 —-— — — W

CREB-1 a— -
Actin -— N Ny T

NC HC HG100 HG200
Nectin-2 CREB-1
5 | 5 |
: | | 3 |
| ' | ﬁ
0 | o |
HG100 HG200 HG100 HG200

Fig. 31. Effect of GINST on protein expression level of spermatogenesis-related
biomarker molecules in rat testis. Data are expressed as mean = S.E.M. (n=10).
Statistical analysis was carried out by Student's s-test and one way ANOVA using
GraphPad Prism version 4.0. NC: normal control; NC: normal control; HC:
heat-stressed control; HG100: heat-stressed and received GINST 100 mgkg b.w.;
HG200: heat-stressed and received GINST 200 mg/kg b.w. 'p<0.01 compared with NC
group. p<0.05 compared with NC group. p<0.01 compared with HC group. 'p<0.05
compared with HC group.
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Fig. 32014 X n}le} o] LHR, FSHR, AR®| & 2 heat stress2 Q13 AASHA <
A 5 2 2.1 (p<0.05~0.01) GINST Fo]+ heat stressoll 2|3 o7 5 & o5 AT 2 84
of HHF HAE TS AAstE Aoz FQAH AT (p<0.05~0.01). 53], 12 ~ET
25 Y313} androgen receptor (B T2 F8A))e] HdAFS A4 118 Fxo2 7
2t AREIE GINST Fols Atz 80% Fw7bA4 I &HAZITE AP A=
& HAew wlg aFAolgt st ol kel 2Lt b dF A=
A BAZE Aol B2E F8A9 PiR oE F2Eol oE ANAEe
sensitivity7} ZHAgtom Qlal] A=) oS vA & A= AARRIL

LHR SN e S LHR

FSHR r—— s sy 24

Actin GCIITE CEE e——— G "

NC HC HG100 HG200 e NC HC ' HG100 ' HG200
AR FSHR

Fig. 32. Effect of GINST on protein expression of sex hormone receptors in rat testis.
Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and
received GINST 100 mg/kg b.w.; HG200: heat-stressed and received GINST 200
mg/kg b.w. p<0.01 compared with NC group. ~p<0.05 compared with NC group. '
p<0.01 compared with HC group. ‘p<0.05 compared with HC group.

o]’de] AIZHE GINSTE heat stress® ©F7| =& A S 2+ pathway biomarker molecules

o g FAE AAFo =N AARAY 75 FHEHE Wolste AR Alsd ol g A
< &, Hinh, ol T A 2ol H& vetel 7Fsts AbEEC] GINSTE 583}
of frelstthe AMd S SHste W AFe AFAdet svh

(th) AT EH2EG S =5 F9 A2 75 Aste] g GINSTSY o &)
O &7] FA Wsle] mX= gk
Table 694 H = nvle} Zo] RE A7]9 A7} immobilization stress® <13 724319 ©
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B ool#dh Av1e] FAl i GINST Fol2 ol A= 4%& Hath 53 1d
I Fauske] BAlE S AEYS FEE s foletA FAasklon GINST Fof il
A ICel He) SUbeks A EE Bolth ol 2HFE GINSTO| sk 7/ i oAl &t
T AgAolEE AME o 5 ol

Table 6. Effect of GINST in rat organ weight of immobilization-induced stress.

Organ . . . A Adrenal
Liver Spleen Kidney Testis Heart Epidydimis
Group gland
NC 15277 + 0.900 + 3.251 + 3.672 + 1.634 + 1.392 + 0.067 +
2.196 0.147 0.362 0.241 0.185 0.110 0.011
IC 10.163 + 0.658 + 2.586 + 3.335 + 1.348 + 1.193 + 0.057 +
1.541 0.137 0.234 0.433 0.108 0.166 0.006
1G100 10.119 + 0.679 + 2.668 + 3.467 + 1.377 + 1.269 + 0.051 +
1.564 0.132 0.380 0.267 0.158 0.082 0.010
1G200 10.167 + 0.671 + 2.723 + 3.538 + 1.489 + 1.289 + 0.050 +
1.025 0.101 0.260 0.175 0.214 0.068 0.010

Data are expressed as the mean = S.E.M. (n=10). 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; HC: heat-stressed control; HG100: heat-stressed and received GINST 100 mg/kg
b.w.; HG200: heat-stressed and received GINST 200 mg/kg b.w. p<0.01 compared with NC
group. ~ p<0.05 compared with NC group. 'p<0.01 compared with HC group. 'p<0.05 compared

with HC group.

@ @ N3} #] 47 (blood chemistry panel)
)

b 71 #E A sER|
7l Bd AR oA ALTY 7% immobilization stress® <13l & A 3] 743}
o1 (p<0.05), IGToNA = FT7ete AE&FS YEW T ALP A4 immobilization stress
2 Q3 =

Fo] 49l Aol E WolX| egkrh(Table 7).

Table 7. Effect of GINST on liver-related blood chemistry panels.

Group ALT ALP ALB
NC 31.0 £ 94 3959 + 53.9 2.76 + 0.08
IC 24.6 + 4.2% 4257 + 83.2 2.70 + 0.12

1G100 267 + 7.3 407.6 = 407.6 2.76 £ 0.11

1G200 33.6 =+ 84 4937 + 134.1 2.69 + 0.12

Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's f-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; IC: immobilization-stressed control; 1G100: immobilization-stressed and received
GINST 100 mg/kg b.w.; 1G200: immobilization-stressed and received GINST 200 mg/kg
b.w. p<0.01 compared with NC group. ~p<0.05 compared with NC group. p<0.01

7 o) IGI00 Lol A FHAdh= AeS HAth ALB A4+ GINST o
]
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compared with HC group. *p<0.05 compared with HC group.

Vopo] Adu Aol PSR O GINSTE ofeld
Al ek 3:5 TEHEEEY S Fot

Y B B ATHp<0.05).

Table 8. Effect of GINST on glucose and lipid metabolism-related blood chemistry

panels.
Group T-CHO TG LDL-C GLU
NC 95.14 + 10.19 67.86 = 19.66 10.86 = 1.07 171.0 = 27.2
IC 77.71 + 16.85 49.00 + 2548 8.71 £ 2.43 164.7 = 16.9
1G100 75.85 + 18.57 61.86 + 27.41 8.71 = 2.14 171.6 + 13.3
1G200 91.29 + 16.50 63.14 + 19.67 10.71 + 2.56 170.6 + 9.9

Data are expressed as mean =+ S.E.M. (n=10). Statistical analysis was carried out by
Student's -test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; HC: heat-stressed control; HG100: heat-stressed and received
GINST 100 mg/kg b.w.; HG200: heat-stressed and received GINST 200 mg/kg b.w. p<0.01
compared with NC group. = p<0.05 compared with NC group. 'p<0.01 compared with HC
group. 'p<0.05 compared with HC group. T-Cho: total cholesterol, LDL-C: low density
lipoprotein-cholesterol, HDL: high density lipoprotein-cholesterol TG: triacylglycerol.

® AR el WA

@ Aol gEAel VA= w

NC tiH] ICa AAFe] 5 (motility) 7 2 71 25/ (progressive)= ol 3tAl TFAste= A
©. % e THp<0.05). ol Wetel 16 RolA Aol £5el Folal
AH= A & 7 AJAHE<0.01~0.05). 33 average path velocity (VAP), straight line
velocity (VSL), curvilinear velocity (VCL), straitneness (STR), linearity (LIN) % elongation®]
Mol = FEHE2EY L F dE2 uiH] AT Aoldl Folg WMt BEEA %
o GINSTS] &35 #dd + glodt

Table 9. Effect of GINST on sperm kinematic values of immobilization-induced stress.

verage
N Motile Progressive =~ VAP VSL VCL STR LIN Elongation
roup

75.71 + 6.00 + 72.74 £ 6540 £ 11226 + 9043 + 6529 + 99.29 +
17.15 3.16 14.84 14.64 36.54 5.44 16.29 1.25
IC 51.50 + 3.63 68.54 £ 6657 £+ 123.09 £+ 9643 + 57.00 + 100.00 +

NC
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11.17* 1.36* 35.22 34.30 42.21 3.15 20.44 0.00

1G100 84.50 + 5.88 + 76.51 £ 6844 + 131.11 £ 89.50 + 5550 + 99.75 +

12.68t 2.36 18.43 15.63 27.50 6.52 2.83 0.71
G200 86.88 =+ 7.13 £ 7144 £ 6634 £+ 110.15 + 90.88 + 61.75 + 100.00 +
10.58% 4.52 16.83 18.66 16.98 7.57 13.26 0.00

Data are expressed as mean = S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; NC: normal control; IC: immobilization-stressed control; 1G100:
immobilization-stressed and received GINST 100 mg/kg b.w.; 1G200: immobilization-stressed
and received GINST 200 mg/kg b.w. *p<0.01 compared with NC group. **p<0.05 compared
with NC group. Tp<0.01 compared with HC group. ip<0.05 compared with HC group.
VAP; average path velocity, VSL; straight line velocity, VCL; curvilinear velocity, LIN;
linearity = VSL/VCLx100, STR; straightness = VSL/VAPx100.

@ agke] HAAYA s 2AL
@b

ksl B E4] mRNA ZdF 24
gakslt I E4 T 3 22 Y SFERX 2 S-H 9ol &4 (glutathion S-transferase, GST)
Fol 3tuel GSTmSeF x3ke] nEF=gjolo| A @& = PRx (Peroxiredoxin) 72| 3t

= RS E3& &<l3 A3}, GSTmSS 7-F- immobilization stress©l
ola] wd o]l Fo|dtA HAE N oW (p<0.05), GINST Fol= e 23 #d 349
A oA ZF Aol E HolA] &k TH(p<0.05).

=
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A
o
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GPx4 - o T T GSTmS
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Fig. 33. Effect of GINST on mRNA expression of antioxidant enzymes in rat testis.
Data are expressed as mean = S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; IC: immobilization-stressed control; IG100: immobilization-stressed and
received GINST 100 mg/kg b.w.; 1G200: immobilization-stressed and received GINST
200 mgkg b.w. p<0.01 compared with NC group. = p<0.05 compared with NC
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group. Tp<0.01 compared with IC group. ¥p<0.05 compared with IC group.
@ AL T T H o] mRNA LdF A

AR} Ao #HJd= whilE = CREB-13 Inhibin-o®] 7 -% immobilization stress %-3F=
T A FHAashe AoE YEFGTH(p<0.05). ¢ GINSTS Fo = s ez whd s
o] elati F R Ao LhEETHp<0.01~0.05).

PR J%

Nectin-? |- — aa— Nectin-2

4
cres-1 D TS s e ]
Inhibin-o _ ——— G ‘
GAPDH ‘= T Sy G | |
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Fig. 34. Effect of GINST on mRNA expression levels of spermatogenesis-related
molecules in rat testis. Data are expressed as mean = S.E.M. (n=10). Statistical
analysis was carried out by Student's #-test and one way ANOVA using GraphPad
Prism version 4.0. NC: normal control; IC: immobilization-stressed control; 1G100:
immobilization-stressed  and  received  GINST 100 mgkg b.w.; 1G200:
immobilization-stressed and received GINST 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.

@ JT2E 5849 mRNA LA F A}

Immobilization stress -3t AT = 58 A|(luteonizing hormone receptor, LHR), o] 3
A5 2 & A(follicle stimulating hormone receptor, FSHR) % WA T2 F&A
(androgen receptor, AR) T&HS HAH3| A= A= YEFETH(p<0.01~0.05). o] w3
GINST+= A2 T84 ¢d AAE FostA Wolsh= A2 YERT
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Fig. 35. Effect of GINST on mRNA expression of sex hormone receptors in rat
testis. Data are expressed as mean = S.E.M. (n=10). Statistical analysis was carried
out by Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC:
normal control; IC: immobilization-stressed control; 1G100: immobilization-stressed and
received GINST 100 mg/kg b.w.; 1G200: immobilization-stressed and received GINST
200 mgkg 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.

® 113+ %A Y Western blot
@D Gl

skaksh ¥ (g o] dra 2 F A}
gakst B &4 Id S GPx4, GSTm5S R PRx4°] -9~ immobilization stress © 2] 3
g o] frolatA Ak om, GINST FoliolAE sg a5 Wi o] i
s BAY

GPx4 - S - GSTm5

Actin "R TR W S

NC IC IG100 IG200 o~
G100 1G200
GPx4 PRx4
21 ‘ N
1 #
0 [ |
NC 16100 16200 16100

Fig. 36. Effect of GINST on protein expression of antioxidant enzymes in rat testis.
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Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; IC: 1G100:
received GINST 100 mg/kg b.w.; immobilization-stressed and received GINST
200 mg/kg b.w.
group. 'p<0.01 compared with IC group. *p<0.05 compared with IC group.

immobilization-stressed control; immobilization-stressed and

1G200:

p<0.01 compared with NC group. ~p<0.05 compared with NC

@ A -3+ biomarker T A AT AL
Inhibin-o¢] & S Immobilization stress F-3F= <13 mRNA 2d &3} =AdsA 74238}
= Ao YERT mRNA 2Hd3 53 A GINST Fofi+e whg ako] F71sl oy,
02 x5y Hdx2 & Aol7t §le Aoz YEy:

Nectin-2 T S — Nectin-2

CREB-] eem» e ey S

Inhibin-¢ —— — — g‘

Actin -y GE GBS e '

NC IC  IG100 1G200 ° - W=N_ N .
CREB-1 Inhibin-a

[

Fig. 37. Effect of GINST on protein expression level of spermatogenesis-related
biomarker molecules in rat testis. Data are expressed as mean + S.E.M. (n=10).
Statistical analysis was carried out by Student's #-test and one way ANOVA using
immobilization-stressed control;
100 mgkg bw.; [G200:

"p<0.01 compared with

GraphPad Prism version 4.0. NC: normal control; IC:
IG100: received GINST
immobilization-stressed and received GINST 200 mg/kg b.w.

immobilization-stressed and

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

p<0.05 compared with IC group.

& o2& FEA(GNA) ddF A}

AR, LHR, FSHRO| &&= mRNA T3 F7 & L3/ immobilization stressZ 23]
SHAl A ¥ Q2.1 (p<0.05~0.01) GINST F = heat stressOll 23] oF7]¥ = o]lE A&
FE&AY] BEF FAE FYSA At AoE el H A TH(p<0.05~0.01).
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Fig. 38. Effect of GINST on protein expression of sex hormone receptors in rat testis.
Data are expressed as mean + S.E.M. (n=10). Statistical analysis was carried out by
Student's #-test and one way ANOVA using GraphPad Prism version 4.0. NC: normal
control; IC: immobilization-stressed control; IG100: immobilization-stressed and
received GINST 100 mg/kg b.w.; 1G200: immobilization-stressed and received GINST
200 mgkg 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.

(A= 7% SAE 98 A7 A 5% SAE A8 AR 44
Oh ABAEHE AR EA4Y W AAAT 42 G

A7 Fel = sl A AR dof 1 A A shef, oA el =

71673 aA el WE Aqdy 8RS wolal, MEEEed i 4 e dE =l
flol 71endy A, 24" A wbdste] A Ao gk o A

MENE 55 &Aoo ddstr] 9 Akl igol ek AofA Abd &=
FEFEd oA TR (s dTH)

Aok melde 13 2016 19 139 (o 3] o= 3Fan)
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- Y e
T Of7}datEls) 2% (0| ALl ol Z, §2011-72)
i % u s 7154 gz 9 TR "
A&7 A3 2% 74 o
O HEY: OF EATR FY
% 01178 0011,1.16)
L
Fig. 40. 177154 % 7154 Fie. 41, A1915 1ol
N . T Rt R84
Fig 30. 04T 3195 98 2 AT Qg A
23k 4 o
- GINST(QIA7 LRl s %o Bel =EAR 2 422 47 47
Table 10. A5 7]l #3 AW
A= 14 H] 3 ()
S Panax ginseng C.A Meyer
e PanaxschinsengNees(©] )
o] 1] Ginseng, ¥4t &4F oRAbAL WA A7), B
° 4, Az, dih A A T http://www.foodsafetyko
AY ok g o1 4H( A2, Ginseng Radix Alba) rea.go.kr/
DA ERF e
/HI%OEJJEJ_ o) /8 g /2 A uj) ok Ak/ < ull /4
/\]__g_7"_,0__1?1% /7T =1 o/ =
- A5 AAeEA N A =5 A9
< a7 d3>
2} &% KISS, DBpia
T2 HAo: (A4 or T4t or IA AL =) and (HAFEFA or A7]%)
<A
in vitro in vivo QA A 8-AE Total
/™ EH A
o 2+ 1 1 2
32 1 2 3
ginsenoside
Total 2 2 1 5
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A5 % 2] Pubmed

= Q

<F9 AT d3>

ol (ginseng or red ginseng or ginsenoside) and (sperm motility or sexual

T
function)
TA
in vitro in vivo AA A L&A H Total
/e ErE A
214k 2 13 4 1 20
4t 3 5 8
ginsenoside 1 3 1 5
Total 3 19 10 1 33
Table 11. A2 M 974 2 7 d3
TE IEREE
489 nh7E Add st 2
-AAEEA N ERs F 7 A2 7525 )
-AAZIFR AT ERs = 7 Aoy #H AAAEAIFo] 153 (A
Z|sdWE& | HL2437s35+H)
- eEFYSY Pl £ee F F dout Bd AAHEAF o WF
FAYLA 75 35+H)
qagze SHEEE N R A wA Az obh Adeds 2R 50y
o - L -
- $EFAEY : vl AehHs BREA 1S ~ 30 g9
AAMS | A2011-75(2011.1.16)
HA (F)o] 2= H] 4o =
Table 12. FAMd =9 A4 9 71 A&
T 457 7B W& dAHAF ZIS(RAB)AE AAME | A=
A Ay FX g2 | A A= Rgldt | FAleAlo]= Rgl
LA del 2ee & 4 9 Rble BARA 3~ B RbIS Fekel | - -
” = 80 mg 0.8 ~34 mg/g
N A 8" 2 =gs . A12011-2
I A TR F T T = N S o2z
AA | 7heEd | = U UIEE Ginsenoside Rgl Z("1L10. | (L3
i . ° 24 960 mg/d
3 s 1D 11)
ol | /M| A | WYYE S =& AN EET A2015-11 | @A
AR Rl S L N D e - 50154, | whol e
Y | 228 | #4905 25 e 6) o=
" . -
Q1A EER L) @ Ligustilide
A | 7R | i Q1 A7 A @ 2 1) s | @ Eleutheroside E | #12009-79 | _
o] = 9 = = F Yo} <lAA sa 222240 G 4o Rel | 5("05.10 ()
g 3 Q%%lgio]%\_uﬁ‘ﬁﬁ insenoside Rg ("09.10. =
& "_fﬂ—ii 7} Rb19 3 1
S EETE o g Glgs | YW o Rorel 9 Y
= @ Baicalin
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wey S IzZNA
o TS & F 3
= 1 XAxAtel =
Rgl, Rbl % Rg3e
Wele =g, | g ROI % Re3e
) A ZA 3~80 mg
4% SHJIAE R
A _ o . (h) d8as 39 | "Ml = Rgl,
5 |3 dd 557199 A= 9 "eiss | Rbl W Re3o - -
] 7H4‘j‘@"ﬂ'§]—°ﬂ E%% = ¢ €42+ | R 7‘<Rg
71999 7ld.g2k st
= = olo.
= Tge E 4 e
3 A =ALo] = Rgl,
A Rbl 2 Rg39 &7
2 A1 24~80 mg
7 Adzieldel Aol | A=Al = Rgl, #2014-15 | (F)3=
174 A | E%E F 4 dS|Rbl ¥ Rg39 F{A - z A
3 B4 71%5 255) | = 25 ~ 80mg/¥ (2014.4.23) A}
g EE Ao
R DA
ol & vl A=A O
A | At A AFE el N A2008-67 | EIEkE
H 98 A4s fAs | 535224 3 ¢ N
0] %] =8 - 5(2008.11 | Q4F
v’o T .‘::[ﬂEO_O_Z/\tﬂ o] . oo
] E?ﬂ"‘ir% = T E E T M| =2 04) }\]-
ST T e (amaas 2% '
= :L)
=]

(h) A 2YEH

=AY A AFAPEs BEstr] {
Research Organization)ol| 4] A+ xE Aol o) 3
- E’—WHE] A g

A+ FE7]¥HCRO; Contact
o

EUY 42 AgA 2 FH7IEA, AR YA, AFA Al AT EHE AH
Xéi, AFEE = AEEAE, AT Ve 2 B 74 2 2 AFE sk HdE
EUEE Agd wel RUE g AA
HEUE® &

» A2 9 A AT Y S dE S

» 27 A E21(Source Data Verification: SDV)

» Ag APl 3k A}

» AN EAE deol dEd "t

» Y s 2 AE A dA
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A P sk Aol F#|7] S Aol A3 AR source datag source documentE &3}
o tix gl 2 4.
- EUHE KA
O EUHY WUE &% =& o2 Ay ddd we BYHY HaxE 2Ag )
H EuUyE Wl digh HaxE B 8°F B A=A 7|, issues, checklist results
SO FEoE YN AU A 3 9 Ee] 23, data monitoring?} SDV
T g% ddo] x3H
Table 13. XY EHH W&
22 ﬂ/lfglf-}ﬁ 2HA_ @dT 337A_ o) F &7
AN | AN | AA S AAE A | AA s
97/ | 9Hue | Snme | 9% | ARgew | Asde | 9% | Adgea
718 | ARsxy | NEZEay | AEdav) 254 ANEg2H | AEg27] 294
2 < =34 4 =94
1 2015/03/10 | 2016/03/23 | 2016/03/15 | 2016/06/09 | 2016/11/16 | 2017/01/17 | 2016/11/04
2 2015/05/11 2016/08/12 | 2016/05/26 | 2016/08/29 | 2017/02/06 | 2017/04/19 = A
3 2015/07/23 2016/11/16 | 2016/08/10 | 2016/11/04 | 2017/04/10 | 2017/07/11 -
4 2015/07/27 - 2016/11/08 - 2017/04/11 | 2017/07/12 -
5 2015/09/22 - 2016/11/09 - 2017/06/22 - -
6 2015/11/26 - 2017/01/17 - - - -
7 2016/01/26 - 2017/07/12 - - - -
8 2016/03/23 - - - - - -
9 2016/05/31 - - - - - -
10 2016/08/12 - - - - - -
11 2016/11/16 - - - - - -
12 2017/04/10 - - - - - -
O EUH" ®uA HEH3 [EAH1]
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Monitoring Report)

SLIEfY B2 (Monitoring Report)

2LE{% 2M Monitoring Report)

SLIE1% 224 (Monitoring Report)
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gt inhibin-0.®] mRNA & HF o), AJg o~
- A ZTEE receptor?] mRNA T FAL ¥
AR, FSHR, LHR®] mRNA &% 7HAag oy, Algatol A fFo3tA 35
#* A FEA: AR5 5 9 (GINST)

[J Ginseng Res. 2016 Apr;40(2):185-95.]

o =% F(aged rat, V-AR, 12-mo-old), 200mg/kg, 471

- &ksl #AH §4 9 protein HH T F2F ) v]E] =T F A PRx3,
GPx4, GSTm59] protein W& F 7HA 9

- s AW G4 mRNA gEER geF o vE =@ H A PRx3,
PRx4, GPx4, GSTm5°] mRNA 2dTF Fagov, AdolA 2
35

- AR #AH EAEY protein AT AL FA2F ] v w=EF
A1 Nectin-2, CREB-12] protein W& % ZAag o) AldodA 2357
35

- ARG #E EAEY mRNA Sd @ AR d2F ] vls] =@ A
4] Nectin-29] mRNA @& ZF oo AJgToA] fFolshA 35

- A Z 2 receptor® protein, mRNA T&dF AL F2F ) v3] =
FolA AR, LHR, FSHR®| protein 2 mRNA 2HF g ont, Al
A frefstA 35

# AP =4 QA7 5 5 H(GINST)

[J Ginseng Res. 2016 Apr;40(2):185-95.]

o =% F(aged rat, V-AR, 12-mo-old), 200mg/kg, 47|

- AT dvd #FE (HAAAET): AR FoAEZe FAER
oby 2} V-ARwol| H|F ME Abole] Aol tiFollA fFA o] U2
3, AAAES] st FAo] tiFEe] AAFA #EHo] V-ART O
vl #@AskA A
- AR d2F e vlE w@FH A AT, GALE, VAP, VCL,
LIN #Haglov, AlgdadA frelstAl 57t
- dF 43T EZE ! testosterone> Al FT A FoHow FrtEoH, F
Sl wE w=@A A LH, FSH7F S7hgou AlgatelAl fojd o=
T (BA B 7Eo] MAE JAAFsEE B 2u7F 89

[e)

- AA AL #E wkA d2Fe vjE =@ AN AT O Ax
Sertoli cell, germ cell, SCI A %7} A3 o} Aol 24 =7}
- kst A F: A7l ve) w=#@ oA GST, GPx, GSH7} g o}
NG TAA FoaA Frhelg e, MDAE Ald oA FoeA i

¥ AldEA:r A48l s S (GINST)

[Exp Gerontol. 2014 May;53:57-66. |

oL

o AX2EY 2 H3F F(heat stress in rat), 100, 200mg/kg, 9

- B2 FA gzl H3 DAEHATA AR BFad TAE 7
agoy, AgTelA fostA St

- AAAAE gzl HlE neiEd TN AREEAHol A
v, Al Al Rl skl A

- 33K (GSTmS, GPx4), A AAA(CREB-1, inhibin-a)), A S2&
receptor(AR, LHR, FSHR) ## & 4 9] protein, mRNA & aF: o z=tof H]
3 LR2EH A AAEEAHl AhPou, AP A FEEH

o= 35

b
o
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# AP EA: A7 5 5 H(GINST)

[AHA] =8 A3}, =8 Fi FH 5]
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- Aksh, AAAA,

2 receptor ¥ T4 9] protein, mRNA &
;I

=
~

il

MEoX oo Xy 2
fol

B2
>
o
ti
)
o

>

>
N
N
B

- A Y oxidative stress XA} 4] @ MDA
- @9 AL Total testosterone, Sex Hormone binding globulin, Free
androgen index (FAI), free testosterone, FSH, LH, Inhibin B, OT (ALT),

PT(AST)
- AEZA zZAL ate] A %7}, A A% M_,_;q ;qg_g:_ =2 A

LA A

M

zH j= e
¥ Al EA: 4785 5 9(GINST) 960mg/g
HAA A GA G713 - AAdstn o) Aojg sy

ERCEE

[A1¥-E © =A17]E(ICH 52 WHO 7|&) ¥ Axed &4 2 4514 253 A% 7
Eld

(1) =44 &<l

> =4l 71l sk %@ﬁ%ﬂ els 98l 2 Y=<l GINSTE EUY 2T Alg7]#<
Eurofins®] U AA] A€ 42l Dr. Specht Laboratorien®l| 2|2 sle] %
SO MAETS /\]313 ATk A RS EUS 7ol o8 vt

a1t

ﬂnu

Table 16. 55, 75, tAE A|gHH

[Analysis of pesticides

Lead (Pb) # J8306 EN 15763:2009

Cadmium (Cd) # J8308 EN 15763:2009

Arsenic (As) # J8312 EN 15763:2009

Mercury (Hg) # JCHG2 EN 15763:2009

Aflatoxin B1, B2, G1, G2 (spices, oleoresins) # JJOEW internal method based on EM

Organochlorine Pesticides, Pyrethroides (OC-02-01-GHT) SP201 PSP25 ASU L00.00-34

Organophosphorus Pesticides (OP-02-01-GHT) SP203 PSP25 ASU L00.00-34

Organonitrogen Pesticides (OX-02-02-GHT) SP205 PSP25 ASU L00.00-34

Pesticides NCI-GHT (NCI-02-01-GHT) SP206 PSP25 ASU L00.00-34

Quechers LC-XL-GHT (QuLC-02-01-GHT) SP914 PSP25 EN 15662:2008

Aerobic Plate Count 30°C <10 >3000000 1SO 4833 # UM275 1ISO 4833

E.coli -1/g # UMULP ISO 16649-2-M

> Al A= ofgle] Foll 29F5t9 2™ Dr. Specht Laboratorien®] A XA E IO Z X%

Attt A1E A3E BY RS 35S BE BAEHJoY dF Ao HAEHA
AR 1 e T8 vFOoRA ST WH FFo| ofUow] wEs} ZAFHN HG
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S FEIS & F A} AAE BA Pb, Cd7F AR AEFHAoY AEeA A
© T8 vErEely EUuZlEolx: Al mlEste FEolAal As, Hege tHE T55 A8
= AEZHA FUHh AflatoxinBls w80l Shs Hs HEEA Fkoen dFEdE
59370 FES AP A dF FEAAA AR Il HASHAAR dFE HETA
of ZHste FulF FFoln o] AL BU 7lFed AA vt FEd B3 st
@ AR A PN BHE Ak
Table 17. 5%, wdol54, ik VAR A2
e Parameter Measurement Elmensm Result | RL* I;/IRL* H] 2L
Lead(Pb)## ICP-MS mg/kg 0.06 0.05 -
Cadmium(Cd)## ICP-MS mg/kg 0.02 0.01 0.1
TuE Arsenic(As)## ICP-MS mg/kg n.n. 0.1 -
Mercury(Hg)## ICP-MS mg/kg n.n. 0.005 0.1
AflatoxinB 1## IAC,HPLC-FLD png/kg n.n. 1 -
%ol | AflatoxinB2## IAC,HPLC-FLD ug/kg n.n. 1 -
=24 | AflatoxinG1## IAC,HPLC-FLD pgkg n.n. 1 -
AflatoxinG2## IAC,HPLC-FLD png/kg n.n. 1 -
Quintozene(sum) GC-ECD mg/kg 0.008 0.1
Pentachloroaniline GC-ECD mg/kg 0.007 0.005 -
Tebuconazole LC-MS/MS mg/kg 0.08 0.01 50
Trifloxystrobin LC-MS/MS mg/kg 0.01 0.01 0.05
Propamocarb LC-MS/MS mg/kg 0.01 0.01 0.2
Pyraclostrobin LC-MS/MS mg/kg 0.03 0.01 0.05
ZH+ | Pyrimethanil LC-MS/MS mg/kg 0.02 0.01 0.1
5°F | Metalaxyl LC-MS/MS mg/kg 0.01 0.01 0.1
Azoxystrobin LC-MS/MS mg/kg 0.06 0.01 50
Fenhexamid LC-MS/MS mg/kg 0.02 0.01 0.1
Fludioxonil LC-MS/MS mg/kg 0.14 0.01 1
Cyprodinil LC-MS/MS mg/kg 0.02 0.01 1
Difenoconazole LC-MS/MS mg/kg 0.04 0.01 20
Dimethomorph LC-MS/MS mg/kg 0.05 0.01 0.05
1] A AerobicPlateCount30°C | Microbiological cfu/g <10 -
Escherichiacoli## Microbiological cfu/g <10 100

No further pesticides/parameters of above mentioned scope of analysis are detectable.
*RL=Reporting Limit (7 & %))
*MRL=Maximum Residue Level according to Regulation (EC) NO396/2005

(EU #7271 5)
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AR-14-SP-004899-01

Analytical report

Sample Code 388-2014-00001018

Placebo®] formulae 75 3] o8] 71X 63
UOM 4k GINST®| 8H7F HHFS 960 mgo

rxy O
u HR
jules

0%

>,

)

o,

of gt A Foll+=
Z 32% I3 160 mgs st AP
o= ?_]—5}04 o]-x%ﬂoﬂl,:_
o5 A Jhsstal
o 7o HIFAE A}L5}o]

Table 18. A7+& AE 500 (960 mg/day

Tablet A &S

HAESY

—rXﬂ 7]‘ _I_T‘__z

= At

AP E A3 soft capsules

tEETEY

[e)
ek

S} GINST &4 547 500 mg
shzd ofel e ol e
ool olel AW TP AR M
AEse] ol 4

HA/NZ) W 2

Aol 160 mge] GINSTA o] %%ﬂEﬁ xl = %E—t— o] ¥
Ot A dataB R E 93] AA <)
2183712 ghell wek A 13 24 1?3‘ 33] A Hﬂ A eis xﬂﬁé—%

Boron w3

Al &8 A7]/EF Chs T4 (%) 3% (mg) v a1
GINST 32.00 160.0
o) A} A = o 47.50 237.5
120 A B 9.00 45.0
500 2F G A At o] 2~ B 2 1.50 75
7] ok 10.00 50.0
&= & 500
Table 19. A& A= 1000 (1920 mg/day A F715)2] wlg F4 %
A A7]/EF A5 T2 (%) sl 2 (mg) v a1
GINST 32.00 320.0
o A} A = o 47.50 475.0
240 A B 9.00 90.0
1000 A G A kol 2~ H| 2 1.50 15.0
A e 10.00 100

_56_




| U&= 3 1000
Table 20. A& PlaccboM =2 vig +2 %
A & A7)/B % A& 23 (%) sl 2k (mg) H] 31
YEYAEY 32.0 160.0
i 48.10 240.5
J A -0
Placebo A A 25 6.00 30.0
120 27 ek~ 9.60 48.0
500 ERE] 230 115
T} 7L A A 1.40 7.0
O} E A 0.60 3.0
&2 A 1000
> o] & ulgt FZol 2 ASe] ) RP corp.ol ZtZre] Alg A1E AaES o2 sle] Ak
Zol AitE AF2> AGAHoll AF&sta; st

(3) & =8 batch analysis data (3 batches) &1

> 3 batch A2HS 9ste] T3 AASHS] batch'® = 80

FAe thea 2ok

‘ -

(Fanax ginseng CA, Meyer!

Panax  ginsong  C.A| .
| TELE

Maver | ‘

kg# 3 batchs AJAFekAth. A4t

‘ I3=3
Fig. 45. Al 34 %
> Aate Ao Al 2 F49 A A0S 98 AT AFE Tl g7 st
AP S AAEAT 3 batche] AF A= obe LRlol FAISHAT SLH ol BT 74t
A AEEe] dete] B At o b ARl Aol Zhestal A dataR A = A9t
= ¢4 F AT FF E ANFCRE S AE AT 28 B AP A AY
o1,
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Fig 46. Batch®d A|g A4 A

4) AxEd BoF
(7}) GENERAL CHARACTERISTICS (&% £4)
[> TH901 (ginsenoside K)i= 20-O-B-D-Glucopyranoside, (3B,

12B)-3,12-dihydroxydammar-24-en-20yl (9CI)©] T}.

A Ak} ()43}

AL Ms H-901-0601

CAS T5H3: 39262-14-1

frAFo]: Compound K

Al 7d 2 C36He2Os

A 622.4524 g/molar ([M+Na]+645.425)

dge A 6224444

Q|54 Aol FAY g F2elA LA

&% (25C): =, T dEe % veksd &3

YA =24 C 69.42%, H 10.03%, O 20.55%
(Found C 69.48%, H 10.04%, O 20.48%)

AEEH FA: 1HA4 (Panax ginseng C.A. Meyer, Appendix 1)
Main metabolite of ginsenoside in human and rat
Produced from saponins of Gynostemma pentaphyllum by endogenous
glycosidases

|5 159-161°C (A 5-3]: 160.01°C)

AP [0]D* +39(c, 1.0 in MeOH)

[@]D* +31(c, 0.5 in pyridine)
@ Compound K (IH901) RM EFE49] 7%
> d3t(Abell A Az FH 3 TH901 RM (100% method HPLC peak purity 94%)S %%
=o]7] $Jsle] H3-& HPLC (ODS, 20 x 250 mm YMC-Pack, 203 nm, 55% CH;CN)Z
&, THO01°] AT 3li= peaksS EHAL EFHE et 553 o ATHo=
T TS (ultra pure distilled water)E SvlZ2 3k SujAlo| A AAGToZHN 3] A
13 AA

22 [H90IRMS At}
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> dst(Abel o]ate] Az TH01 RMO] X9 oF= 747 5ydA oz F3w oy &

A ot om o= d #g EA4 A2 F. Gaedeke er. al. (Appendix
TAY A5 Ho Eol7] f18te] tha A &AL st

A2 dolEE do]H o]~ (Appendix 3)9F 3ol

] & sk 4= 9lth. UV, FT-IR, HR-FAB/MS$} NMR #4] <

Al TH901 RM9] A4S 93] AH&=3l e

Ao ek Pz A Ay e osle] T
Atk IH901 RMe| %= #42 §3, A3d% HPLC, Y42EY, 23k 7 &0,
FyEA

TLC fingerprinti-4] & &3}
4

5 Jth 4 sEEe 371 thE HPLC 100% w419
S o] g3te] AAsIH o &

I=]
S} (mass balance)> HPLC %= (I =29 A&

(1}) 1H9019] 57

@ 'H NMR spectroscopy
[> "H NMR spectroscopy (20 mg/ml pyridine-ds, 500 MHz, TMS as the external reference)
Al IH901 RM9 FAHS 9ol 28Ut 'H(Appendix4), “C(Appendix5),
'H-"HCOSY (Appendix6), HMQC(Appendix7), HMBC(Appendix8) 2 NOESY (Appendix 9)
spectras Ao 24 RE 'H signals S assign® 4= ASATH (Table 15). ZF proton
signal®] chemical shift (ppm), multiplicity 2 coupling constanti= ‘3 7] NMR spectra®] 3l
o2 7b5atdth. 'HNMR data®} 32| eke] Hlag F3te] (F)dst (= A7 =
T2 A Al 9)ste] A ZxE IH901 RMS 3o R i1¥ ginsenoside Ko & d3}th=
,\]_/\1,9_ O].E’E‘ﬂ- /“ g}]\ 1;}
> Table 21, 222 FAH7]1E E£388F 2 E proton®] chemical shiftsS assigndt 2 3o}, !
NMR #4723 1H01 RM®| T2E lstlon At vla ade w vjAg
chemical shift k] *}o]& A&slare= Aol dAstt). wpepa] & Aol A=
¥ IH901 RM®] proton 7059} chemical shifts7} =& X9} 5d3 o= FohE),
> TH901 RM¢] 'H NMR spectrume $-2] 2 dloj& E3 Ao B9 ginsenoside Ko
Zo} 4B BAS VFEES YT &, TH01 RM2 i+ d A 9F sdsitts AHAE g
elgr 4= AATF [*L. N. Atopkina et. al., Chemistry of Natural Compounds, Vol. 42 (4),
(2006), 452-458 Appendix 10]. Triterpen aglycon@} 37l 2] glucose moiety] resonances”}t
'H NMR spectrum ‘gl A atA el gl3Ach

=

5

=
QLN

14
Pk

@ BC NMR spectroscopy

> C NMR spectrum 9 A] A &2 deuterated pyridine-dso] %< =2 £33 t}g 125
MHz NMR spectrometer (JEOL, Japan)@ =4 3}% T} CalibrationS ¢34+ TMS signal2]
chemical shiftZ 0.00 ppmS 2 3} th. “CNMR spectrum’oll Al 7H® signalzte] A%
2741 S Table 23, 24°l HEFHITE

[> 1H901 RMell 1] carbon resonances datai= -3 (Appendix 10)o =¥ 3 U A
St m = [H901 RM- ginsenoside Koleh= AME S 9)F3hr}h. H3k ginsenoside analogs

o EAE #=HA &kt 'H 2 PC NMR spectra®] 31413} NMR spectraS F3lo]
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2 Arol FAAe S wwd A Fig 479 22 1H901 RMe +x2Z 45
Atk
(‘DH
Me :
Mo
HO
Me  Me
Fig. 47. Chemical structure of IH901
Table 21. '"H NMR data for the TH901
1H901 Ref. literature*
No. Chemical
: Chemical  shift (ppm) | Chemical shift (ppm)
shift (ppm)
1 1.70 m ; 1H
0.92 m ; 1H
) 1.87 m ; 1H
1.84 m ; 1H
3 3.43 m ; 1H 3.43
3-OH 5.76 d J=45Hz) ; 1H
4
5 0.82 d (J=11.0 Hz) ; 1H
6 1.60 m ; 1H
1.46 m ; 1H
7 1.54 m ; 1H
1.26 m ; 1H
8
9 1.47 m ; 1H
10
1 2.06 m ; 1H
1.54 m ; 1H
12 4.17 m ; 1H
12-OH 5.61 s ; IH
13 2.01 t J=11.0 Hz) ; IH
14
15 1.59 m ; 1H
1.01 m ; 1H
1.87 m ; 1H
16 1.37 m ; 1H
17 2.59 m ; 1H
18 1.00 s ; 3H 1.01
19 0.90 s ; 3H 0.93
20
21 1.64 s ; 3H 1.60
2.42 m ; 1H
22 1.84 m ; 1H
23 2.52 m ; 1H
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2.26 m ; 1H
24 5.26 t J=6.5 Hz) ; 1H 5.29
25
26 1.61 s ; 3H 1.64
27 1.61 s ; 3H 1.66
28 1.24 s ; 3H 1.25
29 1.05 s ; 3H 1.08
30 0.95 s ; 3H

Table 22. 'H NMR data for the TH901

Glucose 1 at C20

1 5.21 d J=75 Hz) ; 1H.

2 4.02 t J=8.0 Hz) ; 1H 3.99

3 4.26 t J=8.5 Hz) ; 1H 4.24

4 4.19 t J=8.5 Hz) ; 1H 4.20

5 3.95 m ; 1H 3.92

6 4.51 br d J=11.5 Hz) ; 1H 4.53
435 br d J=11.5 Hz) ; 1H 4.35

6-OH 6.14 s ; 1H

Abbreviation: s singlet, d doublet, t triplet, dd doublet of doublets, m multiplet, brs
broad singlet. Chemical shifts are expressed in ppm and referenced to the
tetramethylsilane (TMS) signal at 0.00 ppm. *L. N. Atopkina and V. A. Denisenko :
Synthesis of 20S-protopanaxadiol 20-O-3-D-glucopyranoside, a metabolite of Panax
ginseng glycosides, and compounds related to it. Chemistry of Natural Compounds,
Vol. 42 (4), (2006), 452-458 (Appendix 10).

Table 23. *C NMR data for the TH901 RM

Chemical shift (ppm)

C atom 1H901 Ref. literature
1 39.4 39.19
2 28.3 28.05
3 78.1 77.83
4 39.6 39.34
5 56.4 56.14
6 18.8 18.55
7 35.2 34.95
8 40.1 39.86
9 50.3 50.09
10 37.4 37.14
11 31.0 30.56
12 70.2 69.96
13 49.5 49.30
14 51.4 51.21
15 30.8 30.74
16 26.7 26.42
17 51.6 51.39
18 16.0 15.81
19 16.4 16.14
20 83.2 83.08
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21 22.4 22.13
22 36.2 35.96
23 23.2 22.98
24 126.0 125.75
25 130.9 130.69
26 25.8 25.54
27 17.8 17.54
28 28.7 28.47
29 16.4 16.14
30 17.4 17.18

Table 24. *C NMR data for the TH901 RM

Glucose 1 at C3
1 98.3 98.05
2 75.2 74.92
3 79.3 79.10
4 71.7 71.45
5 78.3 78.07
6 62.9 62.68

Chemical shifts are expressed in ppm and referenced to TMS signal at 0.00 ppm. *L.
N. Atopkina and V. A. Denisenko : Synthesis of 20S-protopanaxadiol 20-O-3
-D-glucopyranoside, a metabolite of Panax ginseng glycosides, and compounds related
to it. Chemistry of Natural Compounds, Vol. 42 (4), (2006), 452-458 (Appendix 10).

> ge A Ao ¥AE EE w4 YA IUPAC nomenclature  systemol] w2}
numberings} R 2™ o] M52 7 NMR signals & g3 Aol o] &35}

@ 'H-'H COSYspectroscopy

[> Proton-proton connectivity (Jyn):= 'H-'H COSY spectrum (Appendix6)< 324 st o 24
7Vsdkd k. 'H-'"H COSY spectrum”}oll A cross-peaks &= Thh SHHo] YEUrE 33
o FEHo EEE vAEERYH 9& P 72T IH901  (ginsenoside K)9F %] 3sf
P

@ HMQC spectroscopy

> Direct 'H-"C connectivity('Jen)= HMQC (heteronuclear multiple-quantum coherence)
spectrum (Appendix 7) sS4l olste] AA AT Tt AREHA AT BHAE BT
Table 23, 240419} o] HMQC spectrum ol 2|3} A 8+l A assign® = At 1H901
RMell 1o 49 ZA3tEo] = ©49] chemical shiftsi= &3 [*L. N. Atopkina et. al.,
Chemistry of Natural Compounds, Vol. 42 (4), (2006), 452-458 Appendix 10] °] H 31 %
ginsenoside K 2] carbon chemical shifts®} < %] &} %1 T},

(5 HMBC spectroscopy
[> Two or three-bonded '"H-"Cconnectivity(**Jcy)i= HMBC spectrum (Appendix 8) a4 ol <]

_62_




sto] g 4= Atk HMBC spectrum 3412 [H901 RM©| & [*L. N. Atopkina et.
al., Chemistry of Natural Compounds, Vol. 42 (4), (2006), 452-458; Appendix 10]o] H 3%
ginsenoside K¢} sdsltts AME S 453t F%2™ proton?} carbon resonances

assignment & A] e = Q1A AT

® NOESY spectroscopy
[> NOE data= ¥ &2 &3tA 7Age] tish Adu= 2 stgh=o] &9 FollA ofw <

A TERE I YEAES F2IF £ JLE 3T IH01 RMERE IS NOE data$h
=34 (Appendix 10)°] 5% NOE data®}e] Wil 22 3t 32l ginsenoside
K¢t sdsittes 288 WE 7 AES & FoT

(@ FT-IR spectroscopy
> TH901 RM<> Ge-coated KBr pellet (3.0 mg/g)> 2 TH=0o] IR spectroscopy (Mattson IR

spectroscopy, model Galaxy 7020A)E Z=AFSFA TR IR spectrum oA 2] specific band<}t
#5719kl F3dS Table 25¢1 UEFUTE 71EF bandE> b Al A 7] wiof
87164 &%tk IR spectrum w4 A3 58] & {20 L@H Aves SA=
25 4 gldth 1H901 RME FT-IR spectrum< Appendix 11°] ¥ gty IR
spectrum-> [H901 RMS] 3 (L. N. Atopkina and V.A. Denisenko, 2006)¢} ¢ X]&}™ &
ddel BiE IR spectrum¥ = X gt} (Appendix 12).

Table 25. FT-IR spectral data for IH901 RM

Chemical moiety Sample (Wavenumber: cm™) Ref*
v (O-H): O-H stretching vibration 3413 3400
v (C-H): C-H  stretching vibration 2947 2930
v (C=C) : C=C stretching vibration 1636 1635
6 (C-H): C-H  bending vibration 1385 1390
v (O-H): O-H stretching vibration 1076 1080

v: stretching vibration, &: bending vibration. FT-IR spectrometer: Mattson Instruments,
Inc., Galaxy 7020A, Spectral range: 4000 to 400cm”, Beam splitter: Ge coated on
KBr, detector: DTGS, resolution: 0.25cm™(step selectable); *L. N. Atopkina and V. A.
Denisenko : Synthesis of 20S-protopanaxadiol 20-O-3-D-glucopyranoside, a metabolite
of Panax ginseng glycosides, and compounds related to it. Chemistry of Natural
Compounds, Vol. 42 (4), (2006), 452-458 (Appendix 10).

Mass spectrometry
[> 1H901 RMol| 3 A= positive % negative mode2] HPLC/ESI Z &4 (LC/MS; LCQ
DECA XP, Thermo Finnigan)S =33} th A& 10 mgS 10 mle] MeOHo| &33F%] 2
o 5 mle] A5 &9S LC/MSO =UeFAth 38 positive 2 negative mode2] FAB/MS

B 26

[JMS-700 Mstation FAB/MS spectrometer, JEOL Ltd.]%= =% 3}% 2™ HR-FAB/MS &4 <
golo] R4S el
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[> Conditions for HPLC/MS analysis:

Mass spectrometer

Equipment : LCQ DECA XP, Thermo Finnigan

Ionization source : Electrospray ionization (ESI)

Polarity : positive & negative

Analyzing type : ion trap analyzer

Mass range : 100~2000 m/z

Scan mode : mass

HPLC: Waters

Pump: Alliance 2690 (Waters)

Injector: Alliance 2690 auto sampler (Waters)

Column oven: Alliance 2690 (Waters)

Column: Steel column, 4.9 x 250 mm, C18, 5 um (Supelco)

Detector: W 996 photodiode array (Waters)

Quattro Ultima tandem mass spectrometer (Micromass)
Integrator: Workstation with MassLynx softrware (Micromass)
Mobile phase: A; acetonitrile
B; water

Flow rate: 1.0 ml/min

Injection volume: 5ul

Detection: UV 203 nm

Temperature: 40°C

Pump program:

Flow rate [ml/min] Time [min] Eluent A [%] Eluent B [%]

1.0 0 45 65
1.0 32 45 65
1.0 70 72.5 27.5
1.0 74 12.5 87.5
1.0 79 100 0
1.0 90 100 0

@D Electrospray ionization mass spectrometry

> LC/MS 4] A3 [H901 RMO] it FAFS 622.44% LFEFSE W (Appendix 13), ©]
+ HlolEHo] 2o =% [H901 RME A% (Appendix 3)3%= U A]stAth. Positive
mode®| Al m/z 645.69] peaki= [M+Na] <t A} o]0l d|F== Aoz FZFHT} (Appendix
13). TH901 RM<2| 3}HS}= sugars moiety2] cleavage® 7F5& 4 U ATh Positive 2
negative modes®l A1 9] F¥ fragment ions ©| 7}s 3k A2 Table 260 YERY St
Negative mode®l Al m/z 621.6 peak: [M-HJ°l ald ¥+ Aoz Addw m/z 621.6,
465.25, and 161.3% Z+ZF [M-H],[M-H-CsH;0Os] 2 [CeH;00s-H] ol 73} fragment ions
2 Al=2¥ Y (Appendix 14).
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Table 26. Possible correlation of the main product ions of IH901 determined by ESI-MS.

T1H901 | Ref.
Fragment m/z

Correlation

Positive  mode

[M+Na]” 645.6 645.5
Negative  mode

[M-H] 621.6 621.0
[621.6-CcH 00s] 465.25 465.6
[CeH100s-H] 161.3

Meng C., Fengrui S., Zhigiang L. and Shuyimg L. Metal ion adducts in the structural
analysis of ginsenosides by electrospray ionization with multi-stage mass spectrometry.

Rapid Commun. Mass Spectrumm. 2001; 15: 586-595. (Appendix 15)

@) Fast atomic bombardment mass spectrometry (FAB/MS)

> FAB/MS®ll 4 TH901 RM main product ions®] 7}&4 U= A4S Table 271 UE}
o owke} 2o Ak spectra 2 2JW] Q= product ion spectrai=

Z9} A=A o= E [HI0l RMS ginsenoside Ko 1% Fdslthes AFES 53
t} &4tk (Appendix 16, 17). E3F HR-FAB-MS #4& E3alo] Ex4S el3t Ax
C3sHeOsZ= A1 ginsenoside Ko} A A 3S & AT (Appendix 18).

[> Conditions for FAB/MS analysis:

Equipment : HR-FAB, JMS-700 Mstation, JEOL Ltd
Analyzing type : ion trap analyzer

Mass range : 100~1500 m/z

FAB mode : mass

Table 27. Possible correlation of the main product ions of IH901 RM in FAB/MS

. TH901 Ref.
Correlation
Fragment m/z

Positive  mode
[M+Na] 645.4 | 645.5
Negative  mode
[M-HT 622.2 621
[M-H-CeH;00s5] 465.25 465.6

© UV Spectrophotometry

[> IH901 RM<2] UV spectrume UV/VIS spectrophotometer (JASCO, V-530)E ©]&, A&
FEZ 0.5 mg/ml (MeOH)E 3Fo] 200 ~ 500 nm HY HolA =439t} (Appendix 19).
[H901 RM+= 5°]8 UV & dES ®olA= vk =, 203 nm F-oll A o) 533
5 Yede 299 ¢ 5AS EAY. 1H901 RMS UV spectrum®] H] = direct
maximum-> Ho]X] ergtor} F FALE 230 nm FAAMHE Eolx| 7] AZE )
UV spectrumel] <8k TH901 RM9] 42> HPLC 2] (Hewlett Packard, photodiode array
detector, 203 nm)oll 4] TH901 RMel a2 =9 UV 27YS SaA% FPFHAT
(Appendix 20).
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(th) 1H901 RM9] %=

@ Melting point (8%)
> TH901 RM®] +%& XAtetes & F stz §3 245 FIHASG 4 =4
ekekd Wy 39, Al 1Rel wel Fasgit 2 Aol AR &3 537
Manstead/Electrothermal melting point analyzer, IA9100%TF. TH901 RM<e] &% 160.02
% et ow (Appendix 20), © # i d (Appendix 12)9 FHE §H 1
W dAshE Aom vEEt olHd §4 £4 A3 H01 RMO| £ E HIST
&t 2.

@ Elemental analysis (914x34-4])
> % 2 mge 1H901 RME 4% 7] (Flash EA 1112 series/CE Instrument) o] %<3}
omn 4L 1,100°Col A BB i 330 Ax Fsilon A
© 2 e (Table 28). 94 ¥
ARkgE o] &3]3k Aol AR

Table 28. Elemental composition of ITH901 RM reference material.

0,

Element T Meza S;E ed valgexf %) p— Theoretical value (%)
Carbon 69.48 69.46 69.50 69.48 69.42
Hydrogen 10.03 10.05 10.04 10.04 10.03
Oxygen 20.49 20.48 20.47 20.48 20.55

TH-901 (ginsenoside K): CssHeOs;36x12.011(69.42%)+62x1.0079(10.03%)+13x15.999(20.55%)

@ 100% Method 1 (HPLC)
[> 100% HPLC Method 12] HPLC fingerprint © 2]&}] IH901 RMe| =& FA}3hH
2 fFUIsgEd 7IdE A BEEA 23t (Appendix 21). Appendix 300

v} o] HPLC method 1> TH901 RME #4 3 4= Q= sAtgo] wojdt %
t} o]# 3 HPLC 72 ¥ v o] e A(specificity)©] HojUth= ARAS wHedgit) 3}
Atk HPLC peak purity GA H[AYH (F3 % £4)& 3t FaAstA 2= peak
purity value (purity angle = 10.070; 0.400)= < X121 16.412; 0.457 Bt} wgkow o] 3l
A= [H901 RMol s = & peak”} spectrally homogeneousd}thi= AFA S A gkTh
(Appendix 22).

T Y
e A =)

@ 100% Method 2 (HPLC)
[> 100% HPLC Method 2¢] HPLC fingerprint o] ¢]&}o] IH901 RM9| =2 FAMSE Ay}
2 U1t Ed 7IdE gae #dFEEA 24t (Appendix 23). Appendix 230l -
¥ wle} o] HPLC method 2% TH901 RMS 4] & 4= Q= sAk=o] ol o]
th ol2{g HPLC X712 & W dEio] Hojurs AMdS diwigtt sl
HPLC peak purity SA] BHIAY (F35% 24)S Este]l Faqstdh. 2FE3 peak purity

)
value (purity angle = 10.070; 0.400)%= <X 16.412; 0.457) Rt} storom olzjst Ay}




+ IH901 RMol 3ld 5 += peak”} spectrally homogenousstth ARE & kA ST} &FAlTh
(Appendix 24).

® 100% Method 3 (HPLC)

[> 100% HPLC Method 32] HPLC fingerprint o ¢]3}¢] TH901 RM2] =& A A}
o2 frissrEd 719ldE yas #FEA ZUTE (Appendix 25). LE|U evaporative
light scattering detector (ELSD, Sedex model 55, SEDERE, Alfortville, France)E& ©|-&3 i
A S ginsenosides¢t o] UVAZR7|AA W=7 @ {7|8stE 53] wdA A

Ao fel st AT

> Kwon 5 (Appendix 26)> H|uLZ] =AJo] v ginsenoside?] HHFHAHoz A4 2z
S ©]&3 ELSD 4% S Aoy B A= ofn] HPLCHY 13 27F 9%
ZedS o] &3l WHolloerm g 3 HPLCH Y & 2% ginsenosides®] g &Aoo &3]
AREE = /9 carbohydrate columng ARESERTE T AX TH901 RM2 Rt 7.01:%°
=dlon & AMAtEY FH vas #EEHA FUT olEA IH901 RMS
HPLC %Y 30lM % GA &=Fstths AME S g 4+ sl

® Water content (5= 3F=¥)
> IH901 RMS] G &2 digtebd 269 24 94 & S4H] mel micro-scale®
ZAFFATE IH901 RM2] =3 3FaFe 0.583% <1 Ao 2 et} (Appendix 28).

@ Residual solvent content (XM &7l )
> 1H901 RM2 HEA o= AAAsI=

Be MER A 29T

o\
M
B
o|N
il
&
i
>
ofo
_O‘L
2
o
[
fr
2
=il
ofo
=2
ot

Optical rotation (4133 %)

> IH901 RM9] [a]p#te SA37] 9138k JASCO P-1020 polarimeter (Tokyo, Japan; filter
589 mm, cylindrical glass cell: 10 x 100 mm)E& A}F&3F% Tt IH901 RME AMFE=E
MeOHeoll A ZA}eE A3} (Table 29) tlo]Eju]o] 2ol 4==% ginsenoside K| [a]ptd
AbetAl YrERSTE mebA] TH901 RM @] [a]p@t2 +39.01 (¢, 1.0 in MeOH)7} &gk A
2 Atz "

Table 29. Optical rotation of IH901 RM

Sample No. IH901 RM
1 +39.08
2 +38.97
3 +39.01
4 +39.07
5 +38.94
Average +39.01

IH901 (c, 1.0 in MeOH); Analytical Equipment: JASCO P-1020 Polarimeter (Tokyo,
Japan); Filter589mm, Cylindrical glass cell: 10x100mm
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© Thin-layer chromatographic purity test (TLC =% ZA})

> IH901 RM2] & t2 % goleo] Futo 2 TLC fingerprints ©]-8-31TH (Appendix
28). ITH901 RM 5 mg= 10 ml methanol (0.5 mg/ml)oll &35} TLCE 3o o]
u] TLC fingerprint Z=AF =712 vh5-3 2t

Stationary phase: HPTLC plate with silica gel 60 F,s54(20x20cm)
Mobile phase: CHCI15-MeOH-D/W(9:3:1,v/v/v, lower phase)
Applied volume: 10 pl, 20 pl
Developing distance: 10 cm
Impregation: spray with 20% sulfuric acid,
heated at 115°C/15 min
Detection: pinkish band appears at Rf value approximately 0.42

> 7] AN IH901 RME] Rf value:= 0.42°]%1th. TLC fingerprinto] A= Tt}

ginsenosides®] Q2. el 7]Q1% = ME= #3554 okt

(T = =4

O M=
> IH901 RM2] &FaF #2412 100% HPLC methodol 94 37}#] th& HPLC systems= ©]
&3ato] Fedtdrt. WY 32 W 13 29k AL, Z§ A9 TR/ 2L A=717)
Ads] orE wWHolth. 37FA W B O ICH kel =e2kQlQl “Validation of analytical
procedure: methodology (Appendix 29)°°A Q73 Aely AEs A4 2L HIA4
Hol| Al 234 (validation)©] 7 5% AT},

@ HPLC 100% A% 1 (&) Fuig el o s &= 4

@b TH901 RM] % B4 & =4
> % 10 mge] 1H901 RM= 10 ml (1,000 mg /ml)2] HPLC & methanolo] £33k U
28] B A ste] HFE w7l 625 mgmll 2 wi7bA] seA 3 Ae gl

@ HPLC 100% FA¥H19 &4 =4

Equipment : Hewlett Packard 1100
Column : C18, 4.6 x 250 mm, 5 pm, Waters symmetry®
Detector : UV/VIS detector 203 nm
Integrator : Chemstation for LC 3D
Temperature : room temperature
Injection volume : 20 pl
Mobile phase A: acetonitrile
B: water
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Flow rate : 1.6 ml/min

Pump program : gradient system
Flow rate [ml/min] Time [min] Eluent A [%] Eluent B [%)]
1.6 10 20 80
1.6 40 32 68
1.6 50 42 58
1.6 60 45 55
1.6 78 75 25
1.6 80 100 0
@ HPLC 100% 419 19 A}
> IH901 RM®] F&F #2415 913te] 100% HPLC methodE ©] &3ttt & Wie] 9lo]
AW e omesh MRS W) 45 A4k Aol 47 HRLC £a
of 4 TH901 RMell Jdste A= 71.09%0 =33 T [Appendix 30]. F=3F o+
71 8ol Z1AE Has BEEA @tk 2 4Y PPOR 63 W YL Bl
IH901 RM9| &aFs 48 Ay daFe 100%S] 2oz eyl 63 W Ao A

Uebd zhzhe] AR kS AW R (Table 30)o] YERY Qlth. HPLC 100% method 19
A= TH901 RMe] &= o] ot AEsHuz & Wi dgido] Hojuru &
T At

@ HPLC 100% wA¥19] 24

> A gwel Adde #ss] Aske] olFgo] tha blanksh & Eel o] &
¥ eurAle] t)dk HPLC fingerprintS ZAFIATE (Appendix 31). Z2wlE 18] A]
[H901 RMeol A33&tE va+ HAFH o2 [HI1 RMolA T 7915 ASS &
Peak puritys ZAFSH 23} 3 A= spectrally homogenous 3ttt AFE S & 4 ATt
(Appendix 22).

> 05 mgml §%2 Al5E 7FA3 6 HHE A
(precision; repeatability, Table 30)& ZA}sH 2
om S 100%3A T

s

Table 30. Precision of HPLC 100% method 1 for IH901 RM reference material

Measurement Peak areas Content (%)
1 3012.0 100
2 2958.1 100
3 2974.1 100
4 3074.6 100
5 2955.8 100
6 3014.8 100
Peak area mean 2998.23 £ 45.364
Mean value: 100%

Standard deviation: —
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Variation coefficient: —
Confidence interval of the mean value (n=6, P=95%): -

Found TH-901 (ginsenoside K)content: 100%

> 747] HPLC ZZ3tell A TH901 RME 1 mg/ml ~ 0.0625 mg/ml (two-fold dilution) &%
HAA A 57 F=e = AEA digh A4S A A= (Appendix 32)%F 2
o}

(Table 31).

Table 31. Linearity of gradient method 1 for IH901 reference material

Concentration TH901 RM [mg/ml] Peak areas

0.0625 395911

0.1250 783.149

0.2500 1617.896

0.5000 3086.799

1.0000 5877.022
> = He H9 AN B W9 S, 0.0625 mg/ml ~ 1.000 mg/mlol Al Z A o] ¢F
ottt AP S AE & ATk ARFHY] B AL Y = 5874.7157A + 63.08576
ZA FRAS R*=0.999519.21 Y= 33 WH, AE TH901 RM2| 5 E[ppm]E 2w g
th A7 & AL 2 HHoRE s HAT 73% 2 AEAFTE e Fxol
2730 sttt skl

[> “Validation of analytical procedures: methodology (Appendix 29)”o| A +A 3k = A %3}
93 (ICH)e| 7Fo]==2}el (Section 4.1.1 c)ol o3 shaR AWl A HUr
274 2 Adedo] FEHolof drka o] dvk. HPLC method 1 ©]¢F 2& 97

AGe FFAAGI G F ek whebA B OPEe H01 RMO AuE o Agst
= AAe 93,

@ HPLC 100% 212 (&) - 2)o] o] 3+ &4

@b IH901 RM®] %+ & A
> % 10 mg2] 1H901 RM< 10 ml (1,000 mg /ml)2] HPLC & methanolol] &3]3 T}
204 s|Asle] HF FX=7F 62.5 mgml7t 2 wj7hx] SeHA 8] A 54 T

@ HPLC 100% FA1w¥H29] B4 %4

Equipment : Hewlett Packard 1100

Column : C18, 4.6 x 250 mm, 5 ym, Waters symmetry®
Detector : UV/VIS detector 203 nm

Integrator : Chemstation for LC 3D

Temperature : room temperature

Injection volume : 20 pl

Mobile phase A: acetonitrile containing 0.1% HCOOH
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B: water containing 0.1% HCOOH

Flow rate : 1.6 ml/min
Pump program : gradient system
Flow rate [ml/min] Time [min] Eluent A [%] Eluent B [%]
1.6 10 20 80
1.6 40 32 68
1.6 50 42 58
1.6 60 45 55
1.6 78 75 25
1.6 80 100 0

© HPLC 100% 219
> TH901 RMY] &z 2418 915te] 100% HPLC methodZS ©] &3ttt 2 v ¢l
M shaEko] e «100%7SF “YFRE e wle] X2 AASIE= Aotk A7) HPLC %

H H
A3kl A TH901 RMoll A3t 33+ 70.61%0 33t [Appendix 33]. 3
H frlEd 7199 gas #S5HA Fodrh 2 A o R 63 vy FA4E S35t
o] TH901 RM9] &3S 43 A3 a2 100%A AOo2 YERETE 63 WHE 40
A yebd Zhzbe] AR ke AWIE Table 320 YEFWTE HPLC 100% method 201 A]
IH901 RM©] 378 HAUA HEHEZ 2 WHE deigo] Hojuyra & 4 3]

=3

@ HPLC 100% =A% 2°] #9H7

> 2 B4 e deds g1e7] f1ste] ol el theh blanket &v =l o] &
o ukAle] digk HPLC fingerprintE Z=AFSFSITE (Appendix 33). A ZvE130] A
[H901 RMoll A3 sl FaE= d-oz H901 RMoIARE 7S &4 5 AU
Peak purityS A3 23} ¥ 3= spectrally homogeneous 3Fthi= AR S & 4= 9%
(Appendix 24).

> 05 mg/ml §=2 AEE 7MA3 6 HHE AFS Tl 4o s jlom AWn
(precision; repeatability)E ZAFgE A3 339 Ht HF X = 2977.237 + 41.776%. 2.1
k2 100%S TF (Table 32).

rlo

Table 32. Precision of HPLC 100% method 2 for IH901 reference material

Measurement Peak areas Content (%)
1 3018.10 100
2 2965.90 100
3 3018.20 100
4 2912.43 100
5 2951.66 100
6 2997.13 100
Peak  area mean 2977.237 + 41.776
Mean value: 100%

Standard deviation: .
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Variation coefficient:
Confidence interval of the mean value (n=6, P=95%):

Found IH-901 (ginsenoside K)content:

> 271 HPLC
He el A 571
t} (Table 33).

Z7A3s}o] A4 TH901 RM<
Fro ¥ HEX g FAHAAAE %

100%

Table 33. Linearity of gradient method 2 for IH901 reference material

1 mg/ml ~ 0.0625 mg/ml (two-fold dilution) &=
AMe A= (Appendix 35)9F #

Concentration TH901 RM [mg/ml] Peak areas
0.0625 374.476
0.1250 790.136
0.2500 1632.060
0.5000 3122.034
1.0000 5933.327
> = He H9 AN B W9 S, 0.0625 mg/ml ~ 1.000 mg/mlol Al Z A o] ¢F
Stk AMAS FIAA FA AR WAL Y = 5933.590A + 64.228F 4] A
BAG R*=0.99945% 0™ Y 9= WH, AE [H01 RM2] 5% [ppm]S vebdc A
7] T HYolA E WHoR S FAY A =& FAATFIE Za Fxo] A
dol sttt sttt
[> “Validation of analytical procedures: methodology (Appendix 29)”o| A +A 3k = A %3}
A¥3 ACH)Y 7Fo]==2}Q] (Section 4.1.1 c)oll 9Jsty FTFEAH AL HAE,
24 g degdo]l F=Eojof grhar Ho] §lth. HPLC method 2 ©$F 22 &
AM S SHAZTL & 5 vk mebaA] 2 oS [H901 RMO] A @y os A 3teith
v AME dSE
@ HPLC 100% method 3 (v F-ui™] 3)oll o3k 3= &4
¢h TH901 RM®| %5 &4 =4
> % 10 mg2] 1H901 RM= 10 ml (1,000 mg/ml)2] HPLC + methanolo] £3j3 t} 2

v sl Al et HE FE7F 62.5 mg/ml7t 2

WA s 84 e,

Waters Alltech Model ELSD 2000

Alltech Prevail Carbohydrate ES column (p/n 35101)
acetonitrile/H,O/isopropyl alcohol=80/5/15
acetonitrile/H,O/isopropyl alcohol=80/15/15

©@ HPLC 100% #2%39] 4 =4
Equipment:
Integrater: Breeze
Column:
Mobile phase A:
B:
Flow rate: 1.0 ml/min
Temperature: room temperature
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Injection volume: 10 pl

Detector: Alltech ELSD 2000 (gain 8)
Gas flow rate: 2.0 SLPM
Drift Tube Temp: 90°C
Pump program: gradient system
Flow rate [ml/min] Time [min] Eluent A [%] Eluent B [%]
1.0 0 75 25
1.0 28 15 85
1.0 35 20 80
1.0 45 25 75
1.0 50 10 90
1.0 51 0 100
©& HPLC 100% 4139 A3}
> TH901 RMS] ® t}& &3k BAWoz HPLC 100% method 3& o] &3t5)C 1)

A D%
Hell oM &= ghaFel gh2 “100%7eF “fatEe] §'ae A5 AAs= Aol A7
HPLC ZA3lelA TH01 RMeoll 4ddt= 3= 7.03%0 A3 [Appendix 36].
ES 29H fUIEC 79E das #EEA @ & AF URoR 63 A &
A& E3to] 1H901 RMO| s #418 A3t e 100% o 2 uyeEutth TH901
RMo Adsts das (9 oz EEE 703 o7 (Fd |47 #55A
AT 63] WHE ZA oA vERd ZFZke] AR A gh> AW (Table 34)°l YERHIL

b —

w0
y

@ HPLC 100% 21 39 34

> 2 B4 e deds g1st7] 918kl ol del tigh blanket &v =l o] &
H WAe] td HPLC fingerprints Z=AFSFATH (Appendix 36, 37). ZLZwFE 7o) A
IH901 RMoll 433l Iats dH oz THI0! RMoIA T 71AEASS & 4= At
(Appendix 36). 0.5 mg/ml 5% AEEF 7FA 1L 6 §HE A S Foto] A& TF o
2 HUX (precision; repeatability)E Z=AFSH Ay} d=9] Hi HE

2= 1352232 +
138208.4%1 0 ke 100%A T} (Table 34).

Table 34. Precision of 100% method 3 of IH901 reference material

Measurement Peak areas Content (%)

1 1384977 100

2 1321075 100

3 1526536 100

4 1229368 100

5 1478331 100

6 1173105 100
Peak  area mean 1352232  + 138208.4
Mean value: 100%

Standard deviation: .

Variation coefficient: .
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Confidence interval of the mean value (n=6, P=95%): -
Found IH-901 (ginsenoside K)content: 100%

> 7] HPLC Z=713kelA TH901 RME 1 mg/ml ~ 0.0625 mg/ml (two-fold dilution) &%
Hell A 578 s=o] v AR i3k AHddE A 3= (Appendix 38)¢F 32
o}

(Table 35).

Table 35. Linearity of gradient method 3 for IH901 reference material

Concentration TH901 RM [mg/ml] Peak areas
0.0625 11162
0.1250 131304
0.2500 385667
0.5000 1526536
1.0000 4550845

> B oasle] A A B W9 ) 0.0625 mg/ml ~ 1.000 mg/mlol A HWAL Y
x20882 2l A 2 R2=0.9711 24 A d oz FaaA] FEagrl. 1 ol f=
+ ELSDHAEWY 4% s%7F 20 F7bstd W37k wes] 2u) F7bshe A o] ofy
) == sensitivityZ} B.tb WIgkeAl E7)eby] wfi-o) )
utebA ELSDE ©] &3 TH901 RM ¢ AFEAHE Agst# X 3o=m dAdsr
TSk carbohydrate columne AF-&3FH IH9010] A8 Z 713} of A
AAE A4 FEE T AIEY AFHoE AHA
[> “Validation of analytical procedures: methodology (Appendix 32)”ol| A FFA 3k = A %3}
2193 (ICH)e] 7Fol==2}F<l (Section 4.1.1 c)°ll ©J3tH FFEA e A FAdx,
A 3 Aol FFHoloF fhtkar Ho] gtk HPLC method 32 ©]$} 22 &+

L)
N
B
2
o
f
ol\
N
ol
g
=
o
k1

o

[e] = =
AEFS Z=Z AT & 4 glomE [H901 RMS #AAE 4 ¢S Aoz FAusiu)

(vh) g.°F <%

[> IH901 RMS] =3hef 222
stAth dElAd o] Aol o] s A Aol
S @A & Sl 1

il
9] 3l 3t2kS HPLC 100% “+
Attt A7) 37FA W He &
A

A& el gk 9 AN & o es AAE
.2 Ao o] &3 HPLC WY 13 2 [H901 RMLS E8 g2 JdHEr 2, AA
g = e Yot wekA (F)L Sl oete] Alx¥ [H901 RM< HPLC &4 A3}
100%° ddst= Aoz ¥t ol ZAAZFE IH901 RMS =3 (mass
balance)S 4F&3HW: HPLC 3§ 100%
T T 0.583%
99.417%
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ALES 91e FA [100.00% - % (%) - FF Sl =K (%)] x HPLC &
00

o7 (F)Ysrt Axg HOIEFEZDSY T3 % (mass balance)S 99.417% U S

¢ Appendix 1~38 (HF-=}5 a1

Picture of Panax ginseng C.A. Meyer

Literature cited for the documentation of reference material
Physico-chemical information for IH-901 obtained from D/B
'"H NMR spectrum of TH-901 reference material

BC NMR spectrum of TH-901 reference material

'H-'H COSY NMR spectrum of IH-901 reference material
'"HMQC NMR spectrum of IH-901 reference material
HMBC spectrum of IH-901 reference material

NOESY spectrum of IH-901 reference material

. Reference literature for NMR assignment of [H-901

. FT-IR spectrum for IH-901 reference material

. Reference literature for IR spectrum of IH-901RM

. HPLC/MS spectrum for IH-901RM (positive mode)

. HPLC/MS spectrum for IH-901RM (negative mode)

. Reference literature for LC/Mass spectrum of IH-901RM
. HR-FAB/MS spectrum for IH-901RM (positive mode)

. HR-FAB/MS spectrum for IH-901RM (negative mode)

. Elemental composition determined by HR-FAB/MS

. UV spectrum for IH-901RM

UV spectrum of the peak corresponding to [H-901RM in HPLC photodiode array

system

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

HPLC fingerprint 1 for IH-901 reference material

Peak purity analysis for IH-901 reference material in HPLC system 1
HPLC fingerprint 2 for IH-901 reference material

Peak purity analysis for IH-901 reference material in HPLC system 2
HPLC fingerprint 3 for IH-901 reference material

Reference literature for the LC separation of less polar ginsenosides
Reference literature for optical rotation of IH-901RM

TLC fingerprint for IH-901RM

ICH guideline for validation of analytical procedure: methodology
HPLC fingerprint 1 for IH-901RM

HPLC fingerprint of test material solvent for IH-901RM

Standard curve for IH-901RM in HPLC method 1
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33. Chromatogram of HPLC 100% method 2 for IH-901RM
34. HPLC fingerprint 2 of test material solvent for IH-901RM
35. Standard curve for IH-901RM in HPLC 100% method 2
36. Chromatogram of HPLC 100% method 3 for IH-901RM
37. HPLC fingerprint 3 of test material solvent for IH-901RM
38. Standard curve for IH-901RM in HPLC 100% method 3

(5) Validation A &F&Aw &y
b AA= 4 77 B4
O A= F= Uy
> GINST A& 1.00 g& A &3] Halo] 10 mL 34 ZFH%50] 59 0, § mL Haew
33] partition chromatographyZ A3} RES 2& pooling, 53, HPLCE v e
433 5 0.45 um millipore filter2 o] ¥}slo] Al B o= A&,

@ HPLC/DAD 7]7] 4]

w45 98] AFE3 HPLC columne Cl18 (Supelco 4.6 mm x 250 mm, 5 pm)©|t}. ©]
} o 2= water (A) 9 acetonitrile (B)= AF&3t% 2™ 1.6 mL/mine] &2 2 AR 20
uLE FYsted ol (gradient)y o2 BEASYG A, AAY 2 AHAHEFS Y AR
HPLC/DAD #4] %712 Table 367 Zt}.

5

O>'

Table 36. HPLC gradient condition

Column Supelco C18 (4.6 mm LD. x 250 mm, 5 pm), F= 53 2z
A: water
B: acetonitrile

Mobile Phase

Mobile phase (%)

time (min) A B

0 80 20
10 80 20

Gradient condition 40 68 32
48 58 42
60 55 45
78 25 75
80 0 100

Flow rate 1.6 mL/min

column temperature room temperature

Injection volume 20 pL

Detector 203 nm (DAD 190~ 400 nm)

O A=¢HA 2 AF=FsA (LOD & LOQ)
> Compound K¢ % 2 A% A2 =Hs=

2 e AsEg 24 F4
A7) Agelm, g NS 9 4E 2 AF 4

3} . Compound K9
LOD (Limit of detection)+= 13.03 mg/mL, LOQ (Limit of Quantification):= 39.48 mg/mL=
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Fig. 49. HPLC chromatogram of compound K.

@ #4174 (Linearity)

> LinearityS ZAFsl7] 918Fe] CK &% 2.0~0.125 mg/mL ¥ Wl A 2-fold dilutionH <
o]-&3&to] A (standard curve)S ZHA A THFig. 50). AlE A HEAHAe R e
0.99966 0.2 - =2 FF Fde B wEA, o] T WS AFEY 7he
HeA= dA A

Fig. 50. Linearity of compound.

e FRlstr] fste] HrEAFel A A A (repeatability) ¥t A A AR LA
(intermediate precision)S =7 3} S T},

@b A & A (repeatability)

> REEAIY ] AAF S AFEFEE 100%0 slFsts 5% 371 (0.5 mgmL, 1 mg/mL,
2 mg/mL)E FAHe] HxZS 33 WhHE =% gé}aigﬂﬂ RSDE 77} 1.40, 0.66, 0.31%
= et
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Table 37. Repeatability

data of compound K

Treatment 0.5 mg/mL 1.0 mg/mL 2.0 mg/mL
1 104.1 198.1 412
2 103.9 199.1 412.1
3 101.5 196.5 415.3
Mean (peak area) 103.17 197.9 412.8
S.D. 1.45 1.31 1.3
RSD (%) 1.40 0.66 0.31
@ FAd2E Fa4 (mtermedlate precision)
> EAAdAE dEleR S Wl A (intermediate precision) S 2135}7] $5to] AldE
%9 100% HPLC peak areaoﬂ It T% (1.0 mgmL)E A=x

BASAA 0, 24, 48 AT A Th 33) W zgste] 57

0.28, 2.37%= Y}+EFITEH

Table 38. Intermediate precision data of compound K

J3l %RSDe] 23+

Treatment 0 Hour 24 Hour 48 Hour
1 198.1 196.3 199.2
2 199.1 195.2 190.1
3 196.5 195.7 196.1
Mean 197.9 195.73 195.13
Inter-day SD 1.31 0.55 4.62
Inter-day RSD(%) 0.66 0.28 2.37
& &4 (Accuracy)
[> Spiking/recovery W S 2 compound K &A1 A& S AUt 2T8&
Zd 2] olHe] compound KE ZH7F 0.5, 1.0, 2.0 mg/g A 718t FUd HdA g
= MNA AFdewA IJFes SAHNAY TE=dS 7R A e s
Wk A3 9559, 100.37, 101.88%°] 3|F&S Ho™, %RSDE= 72 1.36, 1.10,
%= Lhebge,
Table 39. Accuracy data of compound K
Recovery (%)
Treatment 0.5 mg/g 1.0 mg/g 2.0 mg/g
1 95.7 101.3 101.9
2 96.8 100.7 101.0
3 94.2 99.1 102.6
Mean 95.59 100.37 101.88
S.D. 1.30 1.11 0.80
RSD (%) 1.36 1.10 0.79

atol 4°C JAaLel A

0.66,

_78_




(o3

i/

6) HFFeF BdE AF S A AT

> AlselA A 7+ & Ade A& 65 (7, 7hadf, ST5F, TRA, S
1, aute7 A )& ]85t TSi-Kwan Kim et al., Two-phase partition chromatography
using soybean oil eliminates pesticide residues in aqueous ginseng extract, J. Chromatography
A. 1042: 163-168 (2004) 0 TSI WHORE 7|E OiFFo sz WA HE) B

7b 6F A&7 st AA a8

> 32F9] FFS BA7|719 F57F, GC9 HPLCOI A2 Rt g, #HE7] T7F & 7#orsto
47 2Fo® vral Ao woks nFE FF 10%d dAFEE(10 mb)e HEEE
7F 2.0 ppm =7} S IEE spikingdl Atk wofo]l H7bdE IAFE=el 639 HEFE
Zk7y 7 mL® 3 7beE thS vortexing, spinningdle] A&FF 7 ANFEE TS EEEA
th Z47he] Fo disiA e JFEeF £AS g AAE A4S A oS g Ed
wd} GC (ECD/NPD) &> HPLCE A #FAIFo =M 3|l4&S At 3¢S o
T 10040 £ 11.47 %, b= 96.45 £ 11.57 %, S5 88.89 + 15.75 %, X=X
95.67 £ 1527 %, <2 B+ 84.26 = 11.79 %, sIvlEt71 A 93.36 + 13.67 % = WlF/7}
M EE AAES BAoH, o JhEdf, LA, duetIA R, S5, 2

B £92 UERTH(Table 40).

Table 40. Recovery of pesticide residues in the oil phase by 6 different vegetable oils.

Recovery Retention .
Soybean Canola Corn  Grape Olive  Sunflower

Pesticides Group Time
Chlorothalonil 7.875 82.01 77.10  65.69 9430  75.68 89.58
: Dieldrin 10.99 94.39 109.29 8697 98.30  96.82 94.81
Organophosphorus Tolclofos-methyl 8.97 90.14 91.38 9523 87.07 79.35 108.54
: Average 88.85 92.59  82.63 9322 83.95 97.64
SD 6.29 16.13 15.24 5.69 11.30 9.79
PCNB 7.342 100.40 95.62  73.01 96.48 79.23 94.14
PCTA 7.397 82.30 7739 7754 7424  68.59 71.64
PCA 7.511 99.68 88.64  80.80 100.93 84.15 81.90
DDE 10.807 112.93 95.68 10597 109.73 100.25 102.63
Endrin 11.315 96.64 90.11 103.94 106.34 67.43 112.83
DDD 11.533 11250  107.66 9495 125.78 78.78 103.35
Organochlorides DDT 13.270 102.99 103.1 99.48 77.3 70.47 82.33
a-BHC 6.836 96.16 108.12 94.54  96.85 100.27 102.52
b-BHC 7.242 97.75 101.74 71.80 97.71  75.68 92.62
r-BHC 7.367 108.06 106.88 89.40 96.22  90.12 93.04
d-BHC 7.735 86.86 93.83  77.66 8456  82.95 81.35
Aldrin 9.175 86.98 6529 6290 79.01 78.51 70.62
Average 98.60 94.51 86.00 9543  81.37 90.75
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: SD 9.82 1294 1395 1492 1099 13.33
Diethofencarb 9.495 104.11 10638 9829 7092  87.70 105.45
| Carbosulfan 13.893 109.87 10921 92.68 87.99 103.01 106.62
Carbamates Carbofuran 12.732 104.42 10042 85.05 119.75 7597 101.22
Average 106.13 10534 92.01 92.89  88.89 104.43

SD 3.24 4.49 6.65 2478  13.56 2.84
Tefluthrin 7.696 100.95 97.76  101.99 106.04 73.80 100.92

Cyfluthrin 15.924 119.82 90.36  69.73 114.87 82.90 81.32
Pyrethroids Bifenthrin 13.082 103.05 97.80 8583 86.61 98.96 106.32
Average 107.94 9534  85.85 102.51 8522 96.19

SD 10.34 4.31 16.13 1446 12.74 13.15

Hexaconazole 11.125 96.12 90.81 8542  86.22 84.45 89.69

: Flusilazole 11.442 79.07 77.76 7627 7293  74.49 75.51

Triazoles Fluquinconazole  15.925 102.38  104.58 94.64 100.73  80.00 109.53
: Average 92.52 91.05 8544 86.63 79.65 91.58

SD 12.06 13.41 9.19 1390  4.99 17.09

Cyprodinil 10.106 106.30 97.99  60.07 8798  66.24 76.48

o Pyrimethanil 15.263 129.89  112.77 84.09 117.14 95.77 110.93

Pyrimidines

Average 118.10 10538 72.08 102.56 81.01 93.71

SD 16.68 10.45 1698  20.62  20.88 24.36

Kresoxim-methyl 11.472 106.94 98.31 101.63 8492 112.03 84.89

Strobilurins Pyraclostrobin 17.723 88.94 84.70  80.07 79.80  81.59 76.14
Average 97.94 91.51  90.85 8236 96.81 80.52

: SD 12.73 9.62 15.25 3.62 21.52 6.19
Dimethomorph  14.448 119.03  109.06 116.88 113.55 98.79 77.24

Morpholines Average 119.03  109.06 116.88 113.55 98.79 77.24
SD 27.92 2541  28.68 10.60 17.08 20.80

Sethoxydim 19.756 91.59 109.01 116.11 84.78  73.77 79.02

Cyclohexenoxims Average 91.59 109.01 116.11 84.78  73.77 79.02
: SD 26.97 1326 2532 2194 22.56 27.12

Cyazofamid 17.015 102.75  103.57 12598 126.16 80.72 115.64

Amides Methalaxyl 10.487 97.72 84.09  90.00 96.17  97.77 108.70
Average 100.24 93.83 107.99 111.17 89.25 112.17

SD 3.56 13.77 2544 2121 12.06 4.91

Total average 100.40 96.45  88.89 95.67 84.26 93.36

Total SD 11.47 11.57 1575 1527 11.79 13.67
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Fig. 51. GC fingerprint of organochloride pesticides in canola oil phase (A) and its

corresponding aqueous ginseng extract phase (B).

(W) Ginsenoside 4 of -

> ZF5FS Al AT 909 cost-, labor- X time-effectiveness 5 ©] T3 L tgo] I
Mot QUAA|IES] 79 ginsenosided] A oAHFe} AN FEEF LIFE FHF A &
A7 E 5 Aok webA A& Ay A/F AAFEFE T ginsenoside profileS TLCS
HPLCE #4132 24 ginsenosides®] 42 oF-& ZAbstth. 71 A3} ginsenosides [Rgl,
Re, Rf, Rhl, Rg2(S), Rg2(R), Rbl, Rc, Rb2, Rd, Rg3(S), Rg3(R), Rh2(S), Rh2(R)]¢] ¥
Z+7} 97.78, 107.76, 104.30, 100.49, 111.02, 90.59, 98.30, 90.31, 93.96, 93.23, 94.09, 101.05,
99.41, 95.80, 98.44 mg/gl 2 SNFEFET LIE TIHF 30%IA= A& AP 9
AA Aol = gk Ml gle Ao = YErst)

' - e — — -— Ead

- - — -— Rl - -
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- -— - — — —— -
= —

STD 10%% FG 10% TC 20% FG 20%TC. 30% FG 30% TC

Fig. 52. Ginsenosides TLC profiles in aqueous ginseng extract layer before and after
canola oil treatment. FG: fresh ginseng before treatment’, TG: fresh ginseng after

canola oil treatment.
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Fig. 53. HPLC ginsenoside profiles in aqueous ginseng extract layer before and after
canola oil treatment. A: 14 standard ginsenosides, B: ginsenosides profile in ginseng
extract layer before oil treatment, C: ginsenosides profile in ginseng extract layer after

oil treatment.

(th #57A
> aREek AAE A8 g 4G HeH2 s 6 B @), AE
A% % A4S FEoR s AuRstE AAGAT B ARk 64, A |
S Fofstrh. 659 A& Wb A5 Table 419 Akt AA E& WHolA
QRO H e wgont, Wt ol waw sl wmd e 108 I5sn,
£ gue] ARE AT A3, Aweiod), At Ag, TEAG, OEE, S5
§, 2ong sow e,
Table 41. Value evaluation of the oil as a pesticide residue elimination vehicle
Oil .
Soybean  Canola Sunflower Grape Corn Olive
Parameter
Elimination efficiency 6 5 3 4 2 1
Organoleptic factor
-smell 1 6 4 5 2 3
- taste 1 6 5 4 3 2
Loss of ginsenosides 6 6 6 6 6 6
Price 5 6 3 2 4 1
Total score 19 29 21 21 17 13

e e 2 o
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Score was given by evaluating the relative rank of the six oils. An oil with best
results obtained a score of “6,” but the lowest grade received score “1”. Score “6”
was given to all of the oils employed because none of the oils influenced the loss of

ginsenosides profiles by oil treatment.

(7) t874 A%

(7F) Accelerated (8}tl]) Z=715}ol| 4 2] 7l ginsenosides 33 &4
> AEe]l A 7] H(shelf-life, expiry date) 73S 9138 accelerated 7104 #7d3FHA
4 13], 67097t 125 9] ginsenosides®] H#FS #2435 tH(Fig. 54).

(mg/g) Rgl (mg/e) Re
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& 50 -
0 s0
0 0 e
30 30
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) o
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s RE (e Rhl
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gD Rb2 e Rd
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Fig. 54.

1 2 3 4 & (month)

Change of ginsenosides contents in the accelerated storage conditions.

(1) Real-time 7] A2] ginsenosides && 4]
> A&l A 713 (shelf-life, expiry date) 23S 913 F=(25°C)olA AFstHA A=
3IE G E, 2@ A= 6L 99 R, 3 A= 13 T 2 12F 9] ginsenosidese] &
T A8 A tH(Fig. 55).
(mg/'g) Regl (mglg) Re
* 0 3 6 [ 7 18 (month) * 0 6 ° 2 18 (month)
(mgle) Rf mgle) Rhl
o s 9 I 13 (month) & 0 5 9 1 18 (month)
(mg/g) Rg2(S) (mg/g) Rg2(R)
° 0 6 o 12 18 (month) ° o 5 ° L 15 (month)
(mg/g) Rb1 (mgle) Rc
= 0 6 9 2 15 (month) 9 ) & ° 2 15 (month)
(mg/s) Rb2 (mg/g) Rd
© o 6 ° 18 (month) = o (3 9 2 18 (month)
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Fig. 55. Real time change of ginsenosides content in room temperate storage

conditions.
> F 27 Z5A compound K& 93k stk Wyl gle Aoz Hol 3dolgl= A
s

(mg/g) CK (accelerated) (mg/e) CK (real-time)

6 (month) ° 3 5 o 12 18 (month)

Fig. 56. Contents of compound K in the accelerated and real-time conditions.
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Fig. 57. Contents of moisture in the accelerated and real-time storage conditions.
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stlom, FAA FYEE HolA FRkovt AN AALY Ax F A A A3 2Ed
2~ (MDA)2] 7+2-¢} sperm DNA fragmentation (Halo sperm) 2] #+4:, sperm morphology 71
A &72 At (Table 43).
AR (6000mg/day) 9t A& Ht (3000mg/day)e] GINST Fo] A T2 nlugs wf, A
ol = 4] A A (Brief sexual inventory, Fatigue severity scale)”} +2]8}A 714 =]
As = 5 AJL, A4 TS Bolx &Fkort I HAF A Testosterone ¥} free
index®] <7}, sex hormone binding globulin®] 74 A3dS & 5 JJvh AH HAF A A
2ke] 54 2 A Y u&e S 2 AR A3 2EY S (MDA)S A9} sperm
DNA fragmentation (Halo sperm) 2] #AE H Ao} GA] A FodAdS Holx ottt
(Table 44). g FTolA= A HALY Ax T AR 54 FosA #Aisd
(»=0.014), o]¢]°] AZEL FAA fFo]d2 Holx &t &
(MDA)®] 7+4~9} sperm DNA fragmentation (Halo sperm) ¢ 74 & 3& H Tt} (Table 45).
Eg QA kAT ol FdId EHE BAA thste] FUF 4 S
=l (Table 46 & 47), SFEAS ol A Aol HFApel A7 g /s = &3
= d gk, ARl AE A 548 AAE BT 28y ol 18
| =9

< Al vgel ¥ =i, AT A T FAATe Hleo

Q.
[e)
L
e

X=
[e)
o, F3-9 %‘*Joﬂ?oﬂAﬁ% 3000mg/dayi S5 AAst] 1yt AL uysr| 2 &)
o} e HA 5 oﬂ*i Al Al &S 10~15%/71E = ) 370 7+ oF 48%9] IAE&S

e

Table 42. Baseline characteristics of participants.

3000mg/day (n=8) 6000mg/day (n=9) P value

Height (cm) 176+6.50 177.11£5.28 0.703
Weight (kg) 80.25+14.87 77.0+5.39 0.548
Waist Circumference (cm) 85.4+7.0 82.1+£3.4 0.231
Age of partner (years) 33.5 (29-38) 32 (28-43) 0.673
Duration (months) 12 (6-60) 12 (6-24) 0.481
apoll erobr dék= A[ZF (Hours) 8.5+2.73 6.67+£2.96 0.206
AdFdo] AHg 5 U (Days) 1.5£1.85 2.44+1.81 0.305
AFdo] T5%° &5 U (Days) 1.38+2.07 2.56+2.19 0.272
Never smoker 5 (62.5%) 5 (55.6%)
Smoking Hx Past smoker 1 (12.5%) 4 (44/4%) 0.153
Current smoker 2 (25%) 0




Quality of life

Brief sexual inventory 29.37+8.12 33.56+4.59 0.204
Fatigue severity scale 36.38+10.64 23.33+11.06 0.026
SF-36, Physical health (PCS) 52.034+4.551 55.70+2.48 0.051
SF-36, Mental health (MCS) 45.2148.31 52.37+4.36 0.039

Blood test
Serum total Testosterone (ng/dL) 362.39+£132.42 503.31+189.35 0.1
Sex hormone binding globulin (nmol/mL) 28.23+10.6 38.86+9.45 0.045
Free Testosterone Index (%) 45.42+8.84 44.64+8.66 0.78
Serum FSH (mIU/mL) 7.7£6.30 5.2+3.08 0.306
Serum LH (mIU/mL) 3.95+1.42 4.64+2.07 0.442
Serum AST (IU/L) 30.5+20.42 19.67+5.09 0.143
Serum ALT (IU/L) 53+59.44 24.89+.92 0.181

Semen analysis
Volume (mL) 2.54+0.86 2.92+1.38 0.505
Count (x10°ells/mL) 25.56+17.68 30.47+14.83 0.543
Motility (%) 30.7549.18 51.22+23.62 0.071
Morphology (%) 3.62+1.5 4.37+0.47 0.178
WBC count (x10%ells/mL) 1.06+2.01 0.67+1.66 0.663
Total motile sperm count (x10°cells) 28.86+36.48 47.49+41.44 0.344
MDA (uM) 11.35+11.26 9.8+4.02 0.702
Halo sperm assay 30.89+9.65 29.01+£11.33 0.72
Table 43. 'X& A4k AA Fof 3 F-of wla (A A
Fo A @0=17) FA9 F (n=17) P value

Quality of life
Brief sexual inventory 31.59+6.63 33.3545.02 0.05
Fatigue severity scale 29.47+12.48 27.35+10.45 0.37
SF-36, Physical health (PCS) 53.97+£3.94 53.85+4.79 0.919
SF-36, Mental health (MCS) 49+7.3 51.82+4.43 0.322

Blood test

Serum total Testosterone (ng/dL) 436.99+175.66 451.94+152.26 0.542
Sex hormone binding globulin (nmol/mL) 33.86+11.12 31.87+10.68 0.026
Free Testosterone Index (%) 45.01+£8.48 47.89+10.32 0.331
Serum FSH (mIU/mL) 6.38+4.88 6.49+4.36 0.732
Serum LH (mIU/mL) 4.32+41.77 4.56+1.42 0.647
Serum AST (IU/L) 24.76+15.05 24.88+16.04 0.971
Serum ALT (IU/L) 38.12442.47 42.71+47.07 0.574

Semen analysis
Volume (mL) 2.74+£1.14 2.45+1.22 0.354
Count (x10°ells/mL) 28.16+16.91 26.64+8.21 0.718
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Motility (%) 41.59+23.47 36.594+21.59 0.343
Morphology (%) 4.02+1.11 4.224+0.34 0.434
Total motile sperm count (x10°cells) 37.82+39.15 31.16+45.82 0.589
MDA (uM) 10.53+8.01 8.76+3.85 0.465
Halo sperm assay 29.89+10.29 25.97+10.29 0.203
Table 44. X & <1aA|A] A& (3000mg/day) Fol Ha} Fo ww
Fo A (n=8) Fo & (n=8) P value
Quality of life
Brief sexual inventory 29.38+48.12 32.13+5.54 0.092
Fatigue severity scale 36.38+10.64 28.75+¢11.9 0.059
SF-36, Physical health (PCS) 52.03+4.51 52.68+5.82 0.76
SF-36, Mental health (MCS) 45.21+8.31 49.26+4.52 0.278
Blood test
Serum total Testosterone (ng/dL) 503.31+£189.35 520.10£129.01 0.686
Sex hormone binding globulin (nmol/mL) 28.23+10.6 26.61£9.76 0.295
Free Testosterone Index (%) 42.43+8.84 48.95+6.13 0.257
Serum FSH (mIU/mL) 7.7+£6.3 7.8445.61 0.779
Serum LH (mIU/mL) 3.95+1.42 5.27+1.69 0.133
Serum AST (IU/L) 30.50+20.42 31.5+21.64 0.885
Serum ALT (IU/L) 53+59.44 60.38+64.10 0.682
Semen analysis
Volume (mL) 2.54+0.83 2.49+1.09 0.935
Count (x10°ells/mL) 25.56+17.68 25.46+18.66 0.989
Motility (%) 30.75+19.18 36.25+20.87 0.533
Morphology (%) 3.63+1.5 4.18+0.47 0.311
Total motile sperm count (x10°cells) 28.86+36.47 38.28+63.97 0.73
MDA (uM) 11.36+11.26 9.414+2.91 0.575
Halo sperm assay 30.89+9.64 25.2449.50 0.277
Table 45. 4 & JAMAA 318 FT (6000mg/day) Fo A} o] v
Fo] A (n=9) Fo & (n=9) P value
Quality of life
Brief sexual inventory 33.56+4.59 34.44+4.56 0.396
Fatigue severity scale 23.33+11.06 26.114£9.52 0.23
SF-36, Physical health (PCS) 55.7+2.48 54.9+3.68 0.532
SF-36, Mental health (MCS) 52.67+4.36 52.24+4.09 0.9
Blood test
Serum total Testosterone (ng/dL) 503.31+£31 520.10+129.01 0.686
Sex hormone binding globulin (nmol/mL) 38.86+9.45 36.54+9.61 0.039
Free Testosterone Index (%) 44.64+8.66 46.96+3.34 0.655
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Serum FSH (mIU/mL) 5.2+3.08 5.29+2.64 0.852
Serum LH (mIU/mL) 4.64+2.07 3.93+0.74 0.265
Serum AST (IU/L) 19.6745.1 19+4.72 0.681
Serum ALT (IU/L) 24.89+9.92 27+15.72 0.483
Semenanalysis

Volume (mL) 2.92+1.38 2.41+1.39 0.1

Count (x10°ells/mL) 30.47+4.83 27.69+18.86 0.593
Motility (%) 51.22+23.62 36.89+23.48 0.014
Morphology (%) 4.37+0.47 4.26+0.19 0.336
Total motile sperm count (x10°cells) 47.49+41.44 24.83+22.85 0.068
MDA (M) 9.844.01 8.17+4.64 0.441
Halo sperm assay 29.01+11.34 26.62+11.48 0.548

Table 46. AN AALAY AALe] %A > 32% ¢ A (AT B E AAAA Fo

A3t ol wlar

Fo A (n=8) Fo & (n=8) P value
GINST Dose Iﬁ?gvﬁeerr ’er?)l&%,r;%
Quality of life
Brief sexual inventory 35.25+3.73 36.25+3.28 0.275
Fatigue severity scale 23.75£11.30 26.62+12.57 0.346
SF-36, Physical health (PCS) 55.09+3.05 56.31+£2.06 0.285
SF-36,Mental health (MCS)
Blood test
Serum total Testosterone (ng/dL) 398.55+42.83 405.33+£108.75 0.873
Free Testosterone Index (%) 46+9.58 45.15+1.66 0.884
Serum FSH (mIU/mL) 5.41+3.02 5.58+2.32 0.756
Serum LH (mIU/mL) 3.87+1.3 3.89+0.78 0.971
Serum AST (IU/L) 23.75+9.60 19.37+£5.05 0.168
Serum ALT (IU/L) 31.88+21.03 29+13.44 0.628
Semen analysis
Volume (mL) 3.16+1.01 2.06+0.87 0.001
Count (x10%ells/mL) 34.56+16.05 29.88+20.87 0.442
Motility (%) 64.13£10.74 47.13£10.74 0.018
Morphology (%) 4.14+0.43 4.19+0.19 0.638
Total motile sperm count (x10°cells) 67.50+8.11 31.29+£24.98 0.014
MDA (uM) 9.41+4.25 6.46+2.72 0.208
Halo sperm assay 29.96+8.88 26.79+11.16 0.545

Table 47. A HAAA A} 54 < 32% < (A A=) 9

of Ax} o] w]aL

Fol A (n=9)

7 F (09

P value
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GINST dose

Quality of life

Brief sexual inventory
Fatigue severity scale
SF-36, Physical health (PCS)
SF-36, Mental health (MCS)

Blood test
Serum total Testosterone (ng/dL)
Sex hormone binding globulin (nmol/mL)
Free Testosterone Index (%)
Serum FSH (mIU/mL)
Serum LH (mIU/mL)
Serum AST (IU/L)
Serum ALT (IU/L)

Semen analysis

Volume (mL)
Count (x10°cells/mL)
Motility (%)
Morphology (%)
Total motile sperm count (x10°ells)
MDA (uM)

Halo sperm assay

28.33+7.11
34.56+11.74

52.98+4.54

44.97+7.81

471.174202.65

44.13+7.85
7.23£6.15
4.71+£2.11
25.67+19.25
43.67+56.1

2.37+1.17
22.47+14.26
21.56+6.42
3.91+£1.51
13.13+15.14
11.53£10.5
29.83+11.95

Lower group,n=6
Higher group,n=3

30.78+5.02
28+8.89

51.67+£5.54

51.2743.90

493.38+178.65

50.33+8.93
7.3+5.63
5.16£1.62
29.78+20.86
54.89+62.61

2.79+1.42
23.77+16.19
27.2249.09
4.244+0.45
31.04+60.43
10.843.65
25.24+10.08

0.127
0.053
0.511
0.025

0.473

0.015
0.882
0.634
0.451
0.455

0.366
0.835
0.421
0.499
0.42
0.515
0.247

(2) TE Qikel kAT HAES Al mAl= &3 ddy Ad d5- (IRB No.
4-2015-0912)

> & A= GINST AA|7F 3000mg/day®] &Fo = Fo= QS o, kx5 FAdolA A
Aol EEAAS NAATIE B A #Rlshy] AE vyl Gl AR AFHU
t}.

2 odae 20161 695H 2016 109744 B HAIL, F 37 7@l 17H Y i
A7F el SEE9AAL, 139 ATE 91&6}9%} IRB No. 4-2014-0708 A4 k4
Al sdets 98e T EEH R A5 A)ste] F 2290l £4S A B3
o},

A A3

k25 JAol A GINST 3000mg/daye] 125
sexual performance®] 71’1 (Brief sexual inventory, p=0.009)< X
49 freolgt S BT (p<0.001) (Table 49).

Table 48. Basal characteristics

Height (cm)
Weight (kg)

172.5 (162-186)
73.55 (51-115)
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Waist Circumference (cm)

gkobA] dstk= AlZE (Hours)
& A (Days)

o] & AT (Days)

Never smoker

Smoking Hx Past smoker

Current smoker

Quality of life

Brief sexual inventory

Fatigue severity scale

SF-36, Physical health (PCS)

SF-36, Mental health (MCS)

Blood test

Serum total Testosterone(ng/dL)

Free Testosterone Index (%)

Serum FSH (mIU/mL)

Serum LH (mIU/mL)

Serum AST (IU/L)

Serum ALT (IU/L)

Semen analysis

Volume (mL)

Count (x10°ells/mL)

Motility (%)

Morphology (%)

WBC count (x10°ells/mL)

Total motile sperm count (x10°cells)

32 (27-40)
5 (0-12)
2 (0-6)
1 (0-7)
8 (30.8%)
8 (30.8%)
8 (30.8%)

31 (11-38)
34.5 (11-38)
53.2 (43.7-59.6)
45.7 (23.3-59.1)

345.55(133-621.4)
42.59 (21.98-65.35)
5.82 (3.64-23.1)
3.57(2.41-6.22)

21 (15-76)

25 (10-191)

2.1 (0.2-3.7)
24.85 (4-90)
22.85 (9-31)
4.5 (4-80)
0.2 (0-7)

7.95 (0.78-63)

Table 49. Fo ¥} 9] Hlu

Fol 7 (n=24) Fo & (n=20) Pvalue
Quality of life
Brief sexual inventory 31 (11-38) 31.5 (11-40) 0.009
Fatigue severity scale 34.5 (11-38) 31 (12-50) 0.191
SF-36, Physical health (PCS) 53.2 (43.7-59.6) 53.3 (40.6-60) 0.156
SF-36, Mental health (MCS) 45.7 (23.3-59.1) 49.5 (17-57.7) 0.455
Blood test
Serum total Testosterone (ng/dL) 345.55 (133-621.4) 373.55 (196-612) 0.601
Serum FSH (mIU/mL) 5.82 (3.64-23.1) 6.13 (3.26-25.27) 0.573
Serum LH (mIU/mL) 3.57 (2.41-6.22) 4.18 (2.03-8.45) 0.147
Serum AST (IU/L) 21 (15-76) 23 (13-69) 0.917
Serum ALT (IU/L) 25 (10-191) 26 (13-178) 0.92
Semen analysis
Volume (mL) 2.1 (0.2-3.7) 2.05 (1.0-4.8) 0.467
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Count (x10°ells/mL) 24.85 (4-90) 32.5 (1-100) 0.184

Motility (%) 22.85 (9-31) 41 (3-67) <0.001
Morphology (%) 4.5 (4-80) 4.3 (3.8-70) 0.7
WBC count (x10°cells/mL) 0.2 (0-7) 0.02 (0-4) 0.132
Total motile sperm count (x10°cells) 7.95 (0.78-63) 24.79 (0.06-190.71) 0.033
(3) grgolat Mo o3 Az 54 M &3 HrE Y3 125, vyl 29 A,
o]% w7td. 1o tix 4 A1F (IRB No. 4-2016-0288)
> bd F AFE B 2 Qs S5 a3t Jdid e dides AR (e84
A5 GA, TE AR 096g/Ld=2 gl AlA 3000mg ), A ol wig o= il
A4 75 AF AFTS fstd 4 =7 A "x2T olF WA 44 AES A
ol At 20161 6HF-H Al Zsto] dAAl A2 259, o5 18R Wy F9.

FEWHS D-06

g9, AZELD ZTHE AF T oF, AREEY AY/AY SAY FEg oF
ICH-conformed real time & accelerated =713} <FAA A5 W o % E
AE A oAF, 258 AF ALt o F
@ A%+ 242 2 AR WA w5

] G 2EY A =Fo mE 1

N,
o

>~
.
o
X
Mo

offt

Sy

[ H

Ao oA, RREA D el A, Qe
(4) AF] Aok A AT AH/EE AF(10%): NEAS A7 2 2 AHA A=

TE . 94
(% A -2} A T8 MFEAT5E %) AN S
0o | st #E 2 (Prix, Gpx, SOD,
CAT 5)9 mRNA % w9z dbg ek

O AF f#: GC-2spd
(AR M), TM3 (Leydig),

m
A2 T ol A (inhibin-o,
o]

12F (A4 3] 100 nectin-2 5)°] mRNA % w2z

1| TM4 (Sertoli) cell line ©]-& i
ge 42} *ggt]r_gz\q o PAEEs w2 b
4 Hd ' e v - ] T 2R 5849 mRNA 2
Qo13)[2 714 77 100 | S wreg o
O w=#HFAN6MNLH) o] &, 7 w00 | gakst e F 4 (Prix, Gpx, SOD,
mRNA 32 ooz g g &l CAT 5)9 mRNA % oz w3




- 7(6] Z]— /lg /\é b= %‘iﬂ é_](inhibin-ot,

100 nectin-2 5)¢ mRNA % whiiz
Exiki
wo | o2 E —"F%ﬂ]—ﬂ mRNA &
chal e ke g
w00 |” WA 7S -
NG A (s ELSH)
o | g5 A T2 (testosterone, LH,
FSH) 3%
100 | = AA#He] dnd FF(HABA
- 34 HAsk 9 cGMP B3 A
5% g4
= . * routine quality control 2 in-process
© AxER &4 100 control (IPC)S 3+
TARGA/ A /AT A7 2,
red alertness, SOP & ¢
(419 5] e TRIEE EEE FAUQ g oY)
=4 71 2 (1cH|C MEEE BEF 100 |=AFEE ZTF A4 FAMF
%<& WHO 7] A (= 8 7 A-)
=) B3 . Q1A H & e
%—i)zé TQH%XHQ o %UB”‘]@%; A%< clinical 100 ;}r % A8 g AZF2] clinical fomula
:%é]ﬁ;ﬁ‘ %L% formula == = A4 A 8 sample 2 placebo A2t
sk AE A 55§ batch analysis data (3 00 | 5 =48 3 batches A4t
batches) &1 s BN E oA
- . *real time % &t|Z7 (ICH guideline
O AFe <A A8 Fgn 100 22 6719 o)A
O 7l TAE 3 d
2 oFA 7 E TAE fg | 100 | T5S H% VAR gH
A A4
[(A23 5]
AddAT+E =T
3 WA o] - 7] SgAle 2]
ia” g g0 R g 00 "G T s n ek g
T 2 7154
F A
O A I GC-2spd 0o | ksl #E 2 (Prix, Gpx, SOD,
(AAAIEL), TM3 (Leydig), CAT 5)°] mRNA 9 whujz g e
TM4 (Sertoli) cell line ©]-& wo | AAAAd #H A (inhibin-a,
-5 #%: &<Al (doxorubicin) nectin-2 )9 mRNA 3 =
& 100 |-45= 584 ° mRNA T3
wo | ksl & A (Prix, Gpx, SOD,
CAT 5)° mRNA 2 =@z =)
224 ([A 1A 5] . xgx}.xgxé;ﬂrﬁ adl él(in?ibin-;x,]
L PE 100 nectin-2 5)°] mRNA 2 oz
HE D ga ms B
= (6}
(2014)[2 714 5+ »J5 22 784 mRNA H
O 112 2E#| 2= (Heat stress) 100 chol 2 ulg g
== 2 -G s B dasEA S
01 ==a9)
00 | q3F _éi I (testosterone, LH,
FSH) o}
80 |- AAAHe] AmA AF (A E)
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Korean red ginseng protects
inst d bicin-induced Al Journal of
against doxorubicin-induce -l
1| ww | A Functional | 4.48 | 2015.10.15 | SH=ALA}
testicular damage:An A A}
) ) Foods
experimental study in rats
Korean red ginseng extract
rejuvenates testicular
ineffectiveness and sperm 241 | Experimental
2 | =5 . ,p A= P 3.529 | 2015.03.11 | S5 AFA}
maturation process in aged A A} | Gerontology
rats by regulating redox
proteins
Pectinase-treated Panax
ginseng extract (GINST) .
i W41 | Experimental
3 | =% |rescues testicular A= 3.529 | 2014.02.20 | S5 AFA}
L. . A A} | Gerontology
dysfunction in aged rats via
redox-modulating proteins
Panax ginseng improves _ Journal of
RUSS
4 | =i |senile testicular function in |71 =tj 47 Ginseng 3.898 | 2010.11.29 | ¥k =AFA}
rats Research
Panax ginseng improves
survival and sperm quality =Y
. . . LAl BJU
5 | = |in guinea pigs exposed to |71 =t . 2.635 | 2004.08.25 | F=ARAL | TV
) A 2} | International
2,3,7,8-tetrachlorodibenzo-p-d W
ioxin
11. 71 etA+ &
FEWHS D-13
O AP §lE
12. Zawd
| AcHs \ D-14
O ‘ofo]= FaL Al2d ‘BYFF'STY, 2010. 10. 17 AZRIAAE 7 HEA R
O Current Reproductive Endocrinology 27(3): 487-516 (2000)
O ‘40t o FA 3% T 19 &4 A7, 2013, 7. 2 "L Y w2714
O ‘Higvl=r ogagd 54 T4 "EdAR", ddguiy, 2012 149 44 AA
O Aaron S, Kim ED, and Lipshultz LI. Contemporary approach to the male infertility

evaluation. Current Reproductive Endocrinology 27: 487-516 (2000).
O Kobayashi H, Urashima M, Hoshi Y, Uchiyama H, Fujisawa K, Akatsuka J, Mackawa K and

Hurusato M, Testicular morphological changes in children with acute lymphoblastic leukemia
following chemotherapy. Acta Paediatrica Japonica 38: 640-643 (1996).

O Kim W, Hwang S, Lee H, Song H

2,3,7,8-tetrachlorodibenzo-p-dioxin induced testicular damage

and Kim S. Panax ginseng protects the testis against

in guinea pigs, BJU Int’l, 83,
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842-849 (1999).

O Hwang SY, Kim WJ, Wee JJ, Choi CS and Kim SK. Panax ginseng improves survival and
sperm quality in guinea pigs exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin. BJU Int’l, 94: 663 -~
668 (2004).

O Hwang SY, Sohn SH, Wee JJ, Yang JB, Kyung JS, Kwak YS, Kim SW and Kim SK.
Panax ginseng improves senile testicular function in rats. J Ginseng Research 34: 327-335
(2010).

O Gene Review: Androgen Insensitivity Syndrome (http://www.ncbi.nlm.nih.gov/books/
NBK1429/)

O Ishigami, J. Department Urology, School of Medicine, Kobe University, Japan. Japanese
Journal of infertility 16: 45-49 (1971).

O Kim EH, Park JD, Pyo SN, Rhee DK, Effects of non-saponin red ginseng components on
multi-drug resistance, J. Ginseng Research. v.31: 74-78 (2007).

O Johnsen SG. Testicular biopsy score count a method for registration of spermatogenesis in

human testes: normal values and results in 335 hypogonadal males. Hormones. 1:2-25 (1970).
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% Appendix 1~32
1. Picture of Panax ginseng C.A. Meyer
flower, fruit

(When mature,
Becomes segd

peduncle

leaf

stemn

main root(body)
Part employed for the
A manufacture of steamed
and dried Panax ginseng

.

fine root (tail)




2. Literature cited for the documentation of reference material

G a ed Cke - Ste i n hOff Quality assurance of the herbal extract

[5 General data:
Product name | Reference substance valerenic acid HF-VO1
1.1 oL i o e |
iSaus b Valerenio acid Go. Anaiiicon Batoh No,95-006-002 Avchive o, 5008
2. Tests: Recuired standards: [ Results:
21 Charasteristios:
: 211 Appesrance Whits orystals it ostais
i 212 Solbity Soluble in ethanol,ethor and akkallc aqueous | Conforms
 § solvents; practically insoluble in petrol sther
: 22 Identity:
§ 221 Rspectroscopy Reference spectrum in Ref? Gonforms (5. 5.8)
5 222 TH NMR spectroscopy | Ghemical shift and multiplicity of signals must | Conforms (s. S. 8)
§ e characteristical for the valerenic acid
| molecue.
5 228 3G NMR speotroscopy | Chemical shift of the signals must conforrm | Conforms (s. S. 9)
i with the data of Rel.
3 224 Mass spectroscopy “The mol peak must be present. Conforms (s. S. 9)
¢ - -, 225 w e for the UV Conforms (s. 8. 8)
£ e r a e I CI n a £ 23 Pumy:
i % - 231 Eementayanayss | Theoretial values: ©-7678% (99.87%.T)
i C=76.88 %, H = 946 %, 0= 13.65 H= 950% (100.42%4,T)
i r u 0=13.44% ( 88.46%d. T)
i 232 100% method 1 (HPLG) | Totalof accompanying ped 134%
i 283 100% method 2 (HPLC) | Totalof accompanying 1.08%
§
284 100% method 3 (HPLO) | Totalof acoompanying peaks S 055%
235 Watercontent £1.000% 0036%
236 Melting point 136° C acc. to Ref 3 135°C
237 Thin layer chromatography| Besides a violet main zone with an R value | No furthor zones (see p. 13) |
of ca. 0.25 o further zones
24 Content = |
241 HPLO100% method 1 | 28500 %, caloulated with respect 98.66%
the dried substance
242 HPLG100% method2 | = 55.00 %, caruied with respoct 9897 %
the dried substance
243 HPLG100% method3 | 85,0 %, calculated with respect 90.45%
to'the dried substance |
25 Result As within HPLC method 1 one peak s seperated which coincides wilh the
| peak ofthe valoronic acids within methods 2 and 3, the content of valeronic
s cic HE-V 01 is 98,66 % result of method 1.
[‘Andernach, 01.06.1995 Head of Quality Control Dpt.

Head of Science Dpt.
Dr. Frauke Gasdcke

Figure 3.3: Analytical certificate for the reference substance valerenic acid

"

MEAPhAIM scientific Publishers CRC PRESS

L Or. Voker Friese

3. Physico-chemical information for IH-901 obtained from D/B

Derivative: 20-0--0-Gucopyranoside

Synonym(s): Compound K

Chapman & Hall Number: MO0

CAS Registry Number; 19262-141

Type of Compound Code(s): V57450

Malecular Formula: K, 0,

Molecular Weight: 622631

Accurate Mass: 6124447

Percentage Compositon: C 642%; H 10.03%; 0 10555
Biological Source: Prod. from saparins of Gynostemm pentaphyllm by endegenols
qlyensidases

Metabollsm: Hn mefab, of ginsencsides in human and ral
Physical escripton: s, + 1,0 (MeOH aq

Melting Point; Mp 156 161" hemhydrate)

Optical Rtation: ], +331c L in MeOH)

of herbal medicinal products

Quality assurance




"H NMR spectrum of TH-901 reference material

1H of ginsenoside K in Pyr.

OO O D O S Ty 60 B G rl S B i B BYE (56 ES Gy od S8 1 Bl ©1 136 i 65 006D &1
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© L T T P w«1<*<<w R R R e R R T T T T s i o S A i

. \§§\§§\§§§>1 %%é;//7g222)
“
T T T | | \ 1 \ T T
9 8 7 1 ppm
.
ol — SRR NS SNEEE
i 00 2323|255 9% S =
o gk

3C NMR spectrum of IH-901 reference material

13C of ginsenoside K in Pyr.
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Current Data Parameters
NEME 1025kku-—ksk
11

EXPNO
PROCNO 1
F3 - Acquisition Parameters
Dat 20061026
15.48
INSTRUM spect
PROBED 5 mm CPTXI Z-G
PULPROG zg
16384
SOLVENT Pyr
NS 64
DS 4
SwH 5000.000 Hz
FIDRES 0.305176 Hz
20 1.6385500 see
RG* .8
oW 100,300 usec
DE 6.00 usec
TE .
D1 .y 2.00000000 sec
MCREST 0700000000 sec
MCWRK . 0.01500000 sec
CHANNEL £2
1H
10.03 usec
~0.60 dB
500.1322006 MHz

F2 - Processing parameters

sIT 32768

SF 500.1299847 MHz
WDW

55B 0

LB 0.30 Hz

GB 0

PC 1.30

Current Data Parameters
NAME 1025kku- ksk
EXENO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20061027
Time 31
INSTRUM
PROBHD
PULPROG

spect
5 mm CPTXI 2-G

2gpg30
D 65536
SOLVENT cDCl3
NS 3072
DS 8
31446.541
0.479836
1.0420883

Hz
Hz
sec

usec
usec

=

E 2 OOOCOOGO

0.03000000

,2.90000010

0.00000000

0.01500000
i

= CHANNEL

sec
sec
sec
sec
sec

1

13c
15.20 usec
-5.00 dB
125.7716224 MHp

CPDPRG2
NUC2

usec
dB
dB
00 dB

120.
500.1322006 MHz

F2 -

Processing parameters
65

125.7577570 MHz

Hz

0
1.00




6. "H-'"H COSY NMR spectrum of IH-901 reference material

COSY of ginsenoside K in Pyr.
1 ol A1<J ppm
[ 40
i
=1 1 1
P
. [ HH
e L2
[ ] u’u~ [
1 a¥% a8 1)
T 3
0 ] a
NI g o 4 -
> 5 !
o) e ee | ¢
J [ ’ [ o
i, 7
Il ?‘4 B
— A
8
— ..' @

9.0 85 80 75 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 15 1.0 05 00 ppm

7. '"HMQC NMR spectrum of IH-901 reference material

HMQC of ginsenoside K in Pyr. \ 5

J k ppm
0
—% .
1 20
pr—— i L‘t
B 40
— z 60

= 80
3 = 100
: 120
¢ -
.
140

9 8 7 6 5 4 3 2 1 0 ppm

Current Data Parameters
NAME 1025kku-ksk
EXPNO 14
PROCNO 1

F2 - Acquisition Parameters
Date_ 2006102

Time 17.55
INSTRUM B

PROBHD 5 mm CPTXI 2-G
PULPROG cosygpaf
™D 2048
SOLVENT cpcl3

NS . 4

DS 16
St 5000.000 Hz

2.441406 Hz
0.2049500 sec

32
100.000 usec
6.00 usec
298.0 K
0.00000300 sec
1.50000000 sec
040000400 sec
0.00020000 sec
0.00020000 sec
0.00000000 sec
1.50000000% sec

CHANNEL £1

1H
10.03 usec
10.03 usec

-0.60 AB
500.1322006 MHz

GRADIENT CHANNEL =:

SINE.100

SINE.100
0.00
0.00 %
0.00 %
0.00 %
10.00 %
10.00 %

1000.00 usec

Fl - Acquisition parameters
NDO 1

™D 320
SFO1 500.1322 MHz
FIDRES 15.625000 Hz
s 9.997 ppm
FnMODE QF

F2 - Processing parameters
ST 48

SF 500.1299847 MHz
WoW QSINE

SSB "

LB 0.00 Hz

GB 0

Current Data Parameters
NAME 1025kku-ksk
12

EXPNO
PROCNO £
F2 - Acquisition Parameters
Date_ 20061026
Time 15
INSTRUM spect
PROBHD 5 mm CPTXI Z-G
PULPROG hmaegpgf
™ 2048
SOLVENT DMSO
NS 4
DS 16
SwH 5000.000 Hz
FIDRES 2.441406 Hz
a0 0.2049500 sec
RG 1024
bW 100.000 usec
DE 6.00 usec
TE 298.0 K
CNST2 145.0000000
do 0.00000300 sec
DL 1.50000000 sec
az ., 0.00344828 sec
a1z ' 000002000 sec
a3 000000400 sec
16 +70.00020000 sec
DELTAL 0.00222428 sec
NO 0.00002400 sec
MCREST 0.00000000 sec
ICWRK 1.50000000 sec
CHANNEL f1
10.03 usec
20.06 usec

-0.60 d
500.1322006 MHz

CHANNEL £2

garp
13C
15.20 usec
70.00 usec
-5.00 dB
7.60 dB
125.7673592 MHz

GRADIENT CHANNEL

SINE.100

SINE.100

SINE.100
0.00 %
0.00 %
0.00 &
0.00 &
0.00 %
0.00 %
50.00 %
30.00 %
40.10 %

P16 1000.00 usec




8. HMBC spectrum of IH-901 reference material

HMBC of ginsenoside K in Pyr.

Current Data Parameters

1025kku-ksk

EXPNO
PROCNO 1
- F2 - Acquisition Parameters
Date_ 20061026
Time 16.27
J ppm INSTRUM spect
PROBHD 5 mm CPTXI Z-G
PULPROG hmbegplpndgf
0 D 2048
SOLVENT DMSO
NS 8
DS 16
SWH 5000.000 Hz
& . FIDRES 2.441406 Hz
20 A 0.2049500 sec
i ) RG 12288
: - Dy 100.000 usec
. . DE §.00 usec
TE 298.0 K
. - CNST2 145.0000000
40 CNST13 10.0000000
do .y 0.00000300 sec
DL 1279999995 sec
. - “ - az 0.00344828 sec
* L S a6 *70.05000000 sec
LA X D16 0.00020000 sec
60 INO 0.00001620 sec
- MCREST 0.00000000 sec
MC 1.79999995 sec
0 - - @ =
-
. . i . e 04 80
. e 8.9 - e
E I J PL1 -0.60 dB
s sFOL 500.1322006 MHz
. = CHANNEL £2
100 13¢
15.20 usec
-5.00 dB
125.7723895 MHz
GRADIENT CHANNEL =
120 SINE.100
—_— [} o SINE.100
o s e g SINE.100
- - ¢ 0.00 %
0.00 %
(] e o0 0.00 %
140 0.00 %
. 0.00 %
0.00 %
‘ﬁ s L] 50.00 %
30.00 %
40.10 %
1000.00 usec
9 8 7 6 5 4 2 1 PPM  F1 - acquisition parameters
NDO 3
9. NOESY spectrum of TH-901 reference material
ROESY of ginsenoside K in Pyr. Current Data Parameters
NAME 1025kku-ksk
EXPNO 15
PROCNO 1
ppm F2 - Acquisition Parameters
Date_ 20061026
Time 18.34
INSTRUM spect
(] PROBHD 5 mm CPTXI %-G
PULPROG roesyph.2
D 2048
SOLVENT cpel3
1 NS 16
Ds 16
SWH 5000.000 Hz
. FIDRES 2.441406 Hz
ag * 0.2049500 sec
2 RG 32
DW 100.000 usec
DE 6.00 usec
TE - 298.0 K
ao ¥ '0.00008961 sec
N : 3 D1 - 2.00000000 sec
J a1z 0.00002000 sec
¥ . . INO 0.00020000 sec
14
. . o 4 MCREST 0.00000000 sec
' ' P2 b MCWRK 1.00000000 sec
i P15 200000.00 usec
. g ST1CNT 160
- - 5 N CHANNEL £1
4 " . NuCl iH
Pl 10.03 usec
o> : P25 200.00 usec
PL1 -0.60 dB
v i 6 PL27 19.40 B
SFOL 500.1322006 MHz
! F1 - Acquisition parameters
g 7 NDO 1
———— » ’ TD 320
‘ SFOL 500.1322 MHz
—— 4 FIDRES 15.625000 Hz
sw 9.997 ppm
8 FnMODE States-TPPI
5 F2 - Processing parameters
— . sI 2048
9 SF 500.1299847 MHz
WDW QSINE
ssB .2
LB 0.00-Hz
9 8 7 6 5 4 3 1 0 ppm GB 0
BC 1.00




10. Reference literature for NMR

Chemtstry of Notural Composnds, Vol 42, N 4, 2000

SYNTHESIS OF 208-PROTOPANANADIOL
20-0-f-D-GLUCOPYRANOSIDE, A METABOLITE
OF Panax giiseng GLYCOSIDES, AND
COMPOUNDS RELATED TO IT

UDC S47917+547 918+547.597

A preparaiive semi-synthetic method vas developed to prepare 20S-protopomczadiol 20-0--1-
slucnpyranaside (1), o metaboliie of Pavax ginseng gheosides.  The 20-0-peDnglucopyranosides of
208S-trydraxydammar-2-cu-3. 2-dhone, 3 20S-dibshaxydammar-24-cn-12-one, and 31120205
triyahaycammar-24-cne were sythesiced for the first time.

Keywarik Lation; Retula Pasar ginserg €. A. Meyer, 208-protopanaxadiol 20-0-
D hsopssanoide 0 o dammr 14--3,1 2 dins 2004 D s o 208 oyl en 12
one k00-§-D-alucopyranoside; 312 20S-rihydroy 24206 200D

Estact of Pan ginseny C 4. Mexer ool whichis consiamily ircting fention to el ving 0 th bredth and

varicty of its biological nctivi Ginsena,

by mnicstinal i the |l tract new
In the last few years. the propertics mnd mechanism of action of one of the main metabolitcs of ginseng glycosides.
208-protopanaxadiol 20-0-f-D-glucopyranoside (1) (compound K), have boen studicd more frequently [1-13] Ghicoside 1
inhibits the growih of umor celts and induces their popiosis [3, 9, 1], docreases the tosicity of antitumor preparations [4],
possesscs antimetastalic and immunomodulating acéivity |2, 1), and exhibits antinliorgie |12] and anti-inflammatory | 3]
properties. In mosi af these investigations, | was prepared by freating ginseng extract ar the enriched glycoside fraction with
ensymes, hacteria, o intestinal miceoflara followed by chromatographic separation of the prodvets of ensymatic hydrolysis

e s P 20 d Jh}i,‘lléﬂ)\ Sl
(2)with 234, ?
14, 15]. Because all thrce hydrosyls of 3 wers abycosylatod. fhe main um}mmmclmlormmm ty, which led 0
the I d difficultly scparated 4 diglucosick Iyeasy Filic
3,124 1208 $)with one frec hydreyl an €20 14], apparntly because the 20-OH
was stericaly shicldzd by the 128-0Ac group

The present articl is 3 on of the synthesis af glycasides based on tetracyclic dammaranc

iritcrpeacids. The goal was 0 develop a proparative scani-synihetic method for preparing 208-pretopanasadiol 20-0-f-D-
wlucopyranoside (1)

An aliempt lo synihesize | through regio- and sterenseloctive ghyeosylation of the fertiary hydrosyl on C-20 of
208-hydroxydaimar-24-ca-3, 12-dione {5) with subsequent reductzon of both ketanes on C-3 and C-12 into the plycosylation
product (6) dil nos pive the desired result, Reacton of 5 with 3 in the presence of Azy0-md 4A molecalar sieves

Fihe diketane 20-C)-f3-D- i yaeld), reduction of which with NaliH,
iy reduoed only [EPT 3 205-dibsclrony Hen-2one
20014 D-glucopyrancside (7)

Pacific Institutc of Biaarganic Chemistry, Far-East Division, Rassian Academy of Seiences, 6900122, Viadivostok, pr
100 Let Viadivostoku, 154, fix 7-(4232) 31 40 50, c-mail; afopkina@miul ru. Transtated from Khimsva Prirodnykh Soedinean,
No, 4, pp 364-369, July-August, 2006, Origmal article submitiod Jung 9, 2006,

" I

i 1093 “2006 Springer § Busincss Modia, Inc.

TABLE 1. “C NMR Chemical Shifls of 1, 57, 9-12, and 21 (5, ppm, TMS =1}

=

1
3
1l

5 13069
%
T 1754
P 1y
b 1614
0 (Rt}
CHED 1063
1122
169,66
Qheo us ww
060 2060 P
w6 W6l w72
2058 206l WES
Th lpreparcd IR, PMR, and '€ NMR spectroscopy. Deublets for anomenic

protons ofthe sugars of acctyated ghucosides 6-; 17,13, 19,and 20) sppeared in PMR specra i CDCl, 1.5 460479 ppns
(1j757=7:8-8.0) Hz). Doublets for anomeric glucose prolans in PMR speetra in €', of free glucosides (1, 9-11, and 21 were.
observed ab & 5.09-5.27 ppm (Jy'3 = 7.0-78 He). Chemical shifis and spin—spin coupling constants for anomeric glicese
profons were consisieat wilh the rans-configuration of (he glycaside bond in afl slycosides. The site of aliachmeat of the
hucose was confirmed by comparing '*C NMR specira of 1, 5-7, 9-12, and 21 (Tables | and 2)

454

assignment of TH-901

i on:
R0 I,

L ST
Hose Acb
o
u Ad
o e Glcy
e At
it )

5= H &R, =R, =

lehe,, 8 Ry = Uik

e 12: Ry =

By =Glehe, B,
=Ry =H, Ry = GileAey, 18: R, =X

Gléfey, 10: R, = Ac. Ry =Gloaly Ry =H: 211 Ky

tile

The 18 spectrum of 7 contaimed absorption bands for carbonyi at 1700 em ! and free ydrovyl at 3612 el The PMR
spectrum of 7 cxhubited a signal for the aaal protoa on C-3 at & 3.19 ppm, which underwent a low-ficld shift and sppearcd at
4,47 ppm i the PAIR spectrum of 8, which was oblained by acclylation of 7. Comparcd wath the ¢ NMR spectrum of 6,
that of T had onc ol the two signals for carbouy] C atoms at 5 21,9 ppm, belonaing 1o C-12, whereas the signal for the C-
carbonyl a8 216, ppm disappesred. Dmcnl:smmm MeONa (0.1 ) in MeOH ganefes 3, 05-diydrows damimar 24~
cn-12-0ne 20-03-f-D-gl h fysis, and phe hich wer
idenical to the gencral prosapogenm of natural dammaranc gheosides with a 12 }.nmnc in the aghveon [16]

Reduction of free 211 3 4-en-3 | 2-diome 20-f1--( , obiamed 2
protecting groups af 6, formed 3, 124,205 rihydroxydammar-24-ene (the 12-epimer of 208-protopanaxadiol) (1) instead of
nmdns.mamamgucmd:m Acenslation af 11 by Ac0 in pyriding sl raom temperature gave the pentagcetate of 3, 1267, 205-

00D : 12); a1 90°C. its hexancetate (13)

Therefore, the optimal version of the preparative syadhesis of 1 was, in our cpinion, &lycoslation af 124205

dindyroxydammar-24-cn-3-anc {14) by 3 with sibsquc reduction by NaBH, in isopropanol of the reaction products (15 and

16) to form a mixturs of the two 2 and 12-0-{-D-hucop 17 and 18}, In order
o simphify th of 17 and 18, the resulting mixture of 17 and 18 vas Ircated with Ac;0n pyriding:
90 for 23 B he ertary OH on C-20 in 1§ was oo aetyled,the (ssiment groduced @ mixirs of he
mr 4-D- ¥ de (19) and the p 1240-4-D-

), th ‘hich was facile. Desceylation of19and 2 using KOH

solution (10%) in MeOH and pmducd free T and 21, respectively, in quantitative vields

TABLE 2. "“C NMR Chemucal Shifls of Sugars in 1, 6. 7,9-12, and 21 (5, ppm, TMS = ()

| [
Compousid [

PERIMENTAL

PMR and "C NMR speciraof 1, 911, and 21 were recorded on a Bruker Avance-$(0 spectrameter ai working
frequency 500 Mz for 'Hand 125 Mz for 1€ 0t 30°Cin C5DN; for 58, 12, 13,19, and 20, in CDCly, Chemicat shifis arc
given on the &scale relative {0 TMS. The muliplicity of the C sianals was established using DEPT-138 expermcns by the
standard method. Homenuclear 2D proton—proton correlation COSY-45 spectra and 2D heteronucicar HSQC and HMBC
corrclation spectra werc als recordod nsing standard methods.  HMBC ceperiments were optimized for "y = 10 Ha
IR spectra were recordod en @ Bruker Vestor 22 spectrophotometer in CHCLy solution. Optical rotation was dctermined on 1
Berkin—Elmer 141 mstrument m 10-om cuveties at 20°C. Melting points were measured on @ Boctins stage. Column
chromatography was performed over KSK silica gel (120-150 mesh ) using solvent systems hexanczacetons (15:1, 15161,
10:1). The purity of compounds wis moniforod  using TLC on Sorbfil plaics (Russia) mnd hesanc-acolose (3:2) and
€,y CHCI, CHyOH (6:4:1,3:2.0, 211 1), Development used H,S0, (10%) in cthanol wilh healing al 100-300°C. Elemental
analyses of ull newly prepared campounds agreed with those calculsted

(Fe,1202 24-enc, 22) was isolaicd from an extraet of Hetula pundaia leaves
accordms ta e bicrature method |14, 13], mp 195-196°C (scetane},
12 208-Dilydroxad 24 on |14, 15], mp 196-198°C (acetonc}

Oxidation of Betulafolintriol (2 Cooled absolute pyridine (23 mL) was stirred and treated with
€103 (34 &), Afler the yelloishorange comples formed, a slution of 22 (1.67 £)in pyrding (12 miL) wes sdded. The
mixture was i 20h. Th s of the reaction itosed by TLC. The was
diluted with CHCl; and passed theough a laver of sifica gel. Solvent was cvaporaiod aé reduced pressur. The solid was dricd
and chromatographed over a column of silica gel with clution by hexanc-acctone {15:1) to afford diketone 5 (1.17 g, 70.3%)
and monoketonc 14 (033 g, 19,7%)

208 Hydraxydammar-24-ca-3,12-dione (8), mp 1$1-152°C (MeDH), [a],20 +63.37 i 0.9, CHCL,), it mp 152~
183.5°C [17) PMR spestrum {500 MHz, CDCl, & ppin, VHzy (1812 (3H, 5, Me-30), 1030 (35, & Me-19), 1072 (3H, 5,
Me-29), 1,106 (3H, 5, Me-28), 1119 (3H, 5, Mc-21), 1228 (3H, 5, Me-18), 1621 (3H, 5, Me-27), 1,688 (3H, & Me-26), 220
(2H.d, J= 8.6, 2H-11), 249 (3H, m, 2H-2, H-17), 2,90 (11, d, J =102, HA3), 511 (IH, (,1=7.1, 7.1, H-M)

Condensition of 5 with 3in the Presence of Silver Oxide and 44 Moleeular Sieves. A mixture of $(24 5.
Smmol), 3 (411 g, 10 mmol), Ag-0 (234 2, 10 mmal), and 34 melecaler sieves (2 g} in dichlarncthane 130 mL ) was stirred
al room temperature for | h; westod twice at I-h imtervals with addivional portions of 3 2,06 ¢. S mmol), Agy0 (117 g,
5 mmol). and 4A molccular sicves (1 ), stured for 3 b unul 3 desuppeared in the reaction mixture (TLC monstoring}; and
filiered (o remove insoluble sibver compormds and molecular sieves. Solvent was remeved at reduced pressure. The solid was
dried, washed theee times with hog water, dried, and chromatographed over a silica-zel column with clution by bexane neetone
(15:1-36; mu uululz:dwkcumc\:li‘ﬁt 4:)4%1 and glhvooside 6 (1 80 ¢, 47.2%)

823 46 Tetra-0- Ueen-3,12-dione (6). € H, 0,0 mp200-202°C
[E«’)Hz.lu\un +326° (e 07, (‘H(‘l,; R Wpcc!nlm l.\:m ‘r 174 (€=0), 1783 (CH,C=0)  PMR spoctrum (500 MHz,
€Dy, 5, ppin, J/Hzy: 0741 (3H, 5, Me-30), | 034 (3H, 5, Mo-20), 1038 (3H, 5, Me-19), LUGT (3H, 5, Mo-29), 1 096 (3H, s,

I

435




10. Reference literature for NMR assignment of TH-901

Me-28), 1281 (3H, 5, Ma-18), 1612 (3H, 5. Mo-27), 1,657 (3H, 5. Me-26). 1 088 (6HL 5. 20Ae), 2028 (3H.s, 0Ac), 2,056 (3H,
5, 0AGH 218 ([H.dd,J= 126, 4.1, ol 16, 223 (1H, 1.0 = 12,9, 129, Kol 1), 247 (3B, 2H-2, HAT03 06 (1, d,1=9.7,
Ho133,3.66 (1H, ddd. 1= 100,68, 24, B S H0 416 (1K, dd, I = 121,68, H), 401 (1H,
ddyr = T HA ) 94 (T 0 ) =9.8, 7.8, H) 48R (1K L0 =96,5.6, H4), S05{1H, 1, = 7.1, 7.1, H24), 519 (1H,
L1=95,95, H¥)

0 6. A suspension of NaBH, (180 mg) in isopropanol (1) mL) was trested al roam terperature with a
solution o (680 ma) i isopropanol (35 mL ). sirrod for 30 min until thestarting S disappeared in the reaction mixture (TLC
menioriag) e dropise vith it (1:1) st ad nd poured ni . The sl sl s ered o a gricd

ety 3 -1 2-ane (7). Cy5Hss0y 2. mp 199-
205°C MOM), (Al 1213 (e 0.7, CHCl, IR spectum (v, con 'y 1701(€=0), 1752 (CHyC=0), 3612 (OH),
PMR spectrum (300 bz, CDCly. & ppm, VH2): (724 (3H, 5. Me-30), 0,796 (3H, 5, Mo-29), 0938 (3H, 5, Me-19), 0.981 (3H,
5. Mc-28), 1028 (3H, 5. Me-21), 1197 (3H, 5, Me-18), 1604 (3H, 5, Me-27), 1,681 (3H, 5. Me-263, 1.977 (3H, 5, OAc), 1981
(3H.5, 0Ac), 2020 (3H, 5, 0Ac), 2,049 (3H, 5, 0Ac), 2 15 (2H.d, J =8 6, 2H-11), 245 (1H.1d, = 104, 104,54, H-17), 301

(I, d, 3= 0.6, He13), 309 (1H dd, = 111,47, H3a), 366 (1H,ddd, 1= 10,1, 69,2 8, H-8, 407 (1H.dd, 1= 121,25,
67,418 (1H, dd, 1= 121,69, B}, 460 (1H, &, ) 9,H-1", 493 (1H, dd, 1=9.4, 79, B2, 498 (1H, 1,1 =94,
4, Haly, S04 (1L I =70, 70, H-24), S 18 (1K1, I =04, 9.4, H3)

Acetylation of 7, Glucoside 7 (200 mg) y 2ml)was treated with absolutg varide (| mL)
and lef t room for | . The ection i inder with ground iee. T i
was: flierod off, washed with icewner, and dricd o afford 8

3 Acetony 205425 etyl- L) 2ea12-ane(®).C g0, mp2s1-

T (EIOH), Lt mp |16] H2244C, [o], 20 4254 (¢ 0.6, CHEL). IR spestruan (v, can™): 1708 (G0, 1730 (CH,€=0),
1783 (CHyC=0). PMR spociram (300 MHz, CDCly, 5, ppen, JHz): 0,727 (3H, 51, 0.864 (3H, 5). 0 876 (35L 53, 0,966 (3H, 5}
L33 (31 5), 1204 (3H, 5), 1609 (3H, 5), 1637 (3H, ), 1974 13H, 5, OAc), 1 980 (3H, 5, OAc), 2019 (3,5, OAch, 2
(3H.5, 0Ac), 18 (2H, m, 2H-L1L 246 (1H A, 1= 10.2, 10 2,88, HoA Ty, 30L(0H 4. J=9.6, H-13),
(1H, ddd, 408 (1H, dd, = 121, 25, H6), 405 (1H, dd, 1= 121, 6.6, Hoi'), 447 (IH, dd, I = 112
49 B3, 460 (TH 4, = 77, B, 493 (1. 6d, ) = 9.6, 8.0 H-2'), 498 (1H,1,0=9.0,9.0, B4, S04 (1K, 1 T =71
T1,H-24), S 18 (1H, 1,1 =93, 93, H3),

Glucosides & and 7 were deacctvlated using MeONa (0.1 N} in MeOH at room temperature for 1-2 b

2-0-4D- 208 24-¢n-302-dhnne (9. C;oHegOy. amorph . for], 2 43087 {019,
CHN) PMR spectrum (S0 Mblz, mu;\ &, ppm, VHz) 0877 (RH, 5, Me-300, 0889 (3H. 5, Me-19), 1 044 (TH, 5, Me-20),
1133 (3H, 5, Me-28), 1333 {3H, 5, Me-18), 1,592 (3H, 5, Mo- 1624 (3H, 5, Mc-26), 1 640 (3H, 5, Me-27), 3.67 (1H, d,
3=93, H-13), 392 (1H, m, H-5"), 403 (1H, ¢ 2,82, H-2), 424 (2H, m, H-3', H-4), 436 (1H, dd, ) = 11 8 3 H5%),
AS1(IH, dd, J= LL8. 28 HE), $.12 (10 .0, o= 76, H-1'). 522 (1H, m, H-24)

WOEDG 301205 MeniZane (10). 0y amorph, Ul 704217
o112, CHsN) PMR spectrum (300 My, C,DN. 5 ppin, JHz) 0891 (3,5, Me-19); 0910 (GH, 5. Me-30), 1 041 (3H. 5
Me-29), 1225 (3H, 5, Mo-281, 1340 (3H_ 5, Mo-1%), 1 594 (3H. 5. Ma-21), 1621 (3H.'s, Me-26), 1640 (BHL 5, Mo-27), 296
(UM 0 1= 94,94, 46, HAT) 341 T dd, 1= 107.5.4, H30, 565 (1H. d. 1= 95, Ho13), 392 (14, m, 57, 403 ([
LI=HL 8L H2YL 423 (1H 1 J=88 8.8 H4) 426 (1H, 8 8.8 H3%, 4 36 (1H.dd )= 115,51, Ha') 451
(40 = 118,23, Ha), $ 12 (1H.d,Jyrw = 17 H), S22 (1 L) = 71,71, H29)

Reduction of9. A suspension of NaBH, (% my) in isoprapanal (10 mL) af room lemsperaturc was treated drapvise
with 2 solution of 9 (38 mg) in isorpopanel {7 mLyand stirrcd for 20 . The cxcess of NaBH, was destrnyed by adding drogwise
dilue (1:1) acetic acid. The reection mixture vos poured onto ice and extracted with CHCly, The sobvent was distiled oft
The solid was dried to afford 11 (30 mg, 83 3%)

2004 D-Glucopyransyl- 34,120 3 24-ene (1), CyoHaoOy amacph, (] +24° (c 15
CoHgN). PMR spestrum (560 Mels, CoDgN, 8, ppm, JHa): 0933 (1L £, Me-19), 1007 (3HL 5, Me-18), 1.078 (2145, Me-20),
1252 (3H, 5 Me-28), 1432 (3H, 5, Me-30), 1604 (3EL 5, Me-21), 1643 (1H, 5, Me-26), 1,685 (38, 5. Me-27), 343 (1H, dd,
J= 14,47, H30), 392 (1H, ddd, J=9.4, 52,2 T Ho8",3.99 (1H, 1) = 8.0, 8.0, H2), 420 (1,1, ] =89, 89, H4), 424

(LH, =89 89, H-3), 435 (1H,dd =114, ‘3 B6), 483 (IH dd, 1=114,27 H6"), 488 (1H, dd, 7.2.9,H-12f),
SO9CIH 4 Iy =77 H1"), 529(IH 1 J=21, 71, H24)
456

20-0-5-D-Gl JA. 126, i H-enc (1), € H 0,15 H0, amarph., [a] 20 +31°

(€105, CaHN). PMR spectrum (300 Mt CD;N, 5, ppm, ¥y 0.900 (GHL 5, Me-19) 055 3H, . Me:30), 0997 (3L 5.
Me-1$3, L8 (3E, 5, Me-29, 1,239 (3H, 5, Me-2), 1604 (3H, 5, Me-27), 1607 (3t 5, Me-263, 1640 GH. 5, Me-21), 3.43
(1M, m, He3r), 394 (1H, ddd, | HA) 402 (I, 1 =K2, 82, H2), 418 (1H 1] =59, 89, H4', 418
(1M, H-1201, 4 ) 434 (1H,dd, J= 117, 52, H6') 4 81 (1H, dd, J= 117 2.4, H'), $.21 (1EL,
41y =THH1 526 (1H, 1,

12-04D- 3A12.2 2ene (1), CaglpnOy 0. amorphy [6l], 2" 4.5
(e 075, €;H,N). PMR spectrum (500 MHz, C;DN, 8, ppm, I 0.770 GH, 5, M9, 1327 (1. » Me.18), 0842 (3
& Me-30), 1018 (3H.5, Mo-29), 1223 (35, Me-38), 133 (L5, Me-21, 1 643 (3, 5, Me-26), 1 649 GHL 5, Me27),3 42
(1M, dd, $=10:7, 5.6, H-3a), +.00 (1H ddd, 1 =9.6,5.0. 2.6, H5), 409 (1K, dd, 1=9.0, 78, 27,420 (1K1, 1=9.2,9.2,
H-A'), 429 (14,6, 0= 8.8, 88, B3, 4 30 (0H, m, K020, 4 32 (1, dd, = 116, S0, Hot'), 447 (H dd, 1= 116,26, H'),
S27(1H,d, dyy =76, H-1'), 334 (1H, m, H-24)
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Acetylation of 11, a) Glucoside 11 (30 mg) in absolute pyridine (1 mL) was trosicd with absolule acetic anhdyride
0.7 mL) andl ket rosim temperatrure for | d. The reaction mixturc was poared ino s eylinder with ground ico and estracted
with CHCI. The sehent was distolled off The solid was dricd to afford 12
b A solution of 11 (30 mg) m absolute pyridine {1 L} was treated with absolute acetic anhdyride (07 mL) and loft
al $IAIC for § b The roaction mistur was pourcd intoa cvlinder with ground ica. The rosulting prosipitte was fllered off.
sk igtr i g0 syl o EIGH i 13

34 J-acetylD. 2ene(13), CbhaO
mp 13- 195°C (ELOH), 1], 20 +48 vu 14, CHCL,). [R spectrum (v, car-!}, 1726 (CH,C=0), 1753 (CH,C-0), 1469 (OH)
EMR spctrum (400 Mz, CDCT,. 5 pp, 1442 0552 G, 5, Mo-29), 0856 GHL 5, Mo 28), 0498 3L 5, Me-19), 0939 (3HL
5 Me-18), 1077 (3H, 5, Me-30, 1198 (3H, 5, Me-213, 1. 508 (3H.s. Me-27), 1,665 {3H, 5, Me-26), 1990 (1H, 5, 0Ag), 2017
(3H. 5. Oe), 243 3H, 5, OAch, 2046 (3H, 5. O, 2064 (GH, 5, OAc), 3,65 (1H.ddd, J= 101, 57, 24, H5'), 408 (IH.
dd, =122, 24 H6'), 4.0 (1H dd, J= 121,87, By, 428 (1H, m, H-12), 440 (1H.dd, 1= 1.1, 5.3, H-3e0, 4 68 (1H,
A dy o= 79 Hel Y 492 (I dd =98, 79 H2), SO0{1H, 1,1 = 9.8, 9.8, H4'), S04 (11,1, =69, 6.9, H-24), 8 23(1H,
L= u 6.H3),

.1 20-Discetory-205-(2'3'4 Facetyl-f-D- Teme (13). CyHo0,,
wp 174 m“c (EOM, (o] 997 (¢ 04, CHCL) IR spestrum (v, ey 1726 (CH,C=0), 1753 (CHAC=0)
PMIR pecirm (800 M1tz CDC, § ppm, ) 0894 (1L, Me-29), 0 62 31 5, Mo:28) 0886 (L& Me19), 074 (il
5 Me-18), 1036 GH, 5, Me30), 1170 (3H, 5, Me-21), 1599 (3H, 5, Me-27), 1633 (3H, 5. Me-26), 1.980 (3H, 5. 0Ac), 2014
(3H, 5, OAe), 2038 (3H, £ OAc), 2041 (GH, 5, 0c), 2046 (3H, 5, OAc), 2004 (3, 5, 0Ac), 365 (1H, ddd, 1= 10.1, 6.5,
25, H8), 408 (IH, dd, 1= 121, 6.6, K67, 447 (1H,dd, 1H, J = 10.4, 53, H3 ), 4.63
(IHd, Jpr =80, Ho1'), 495 (1H dd, =9 6, 96, H-4'), 803 (1H,1.0 =69, 6.9, H-24), § 16
(VHL i, J= 6.0, 3.0, H-U2f5, 3,19 (1K, 1 1 =9.6,9.6, H3)

Synthesis of 208- ol 20- i 12-0-5-D-Glucapy (0 and 211 Amixtureof 141155,
2.5 mmol), 342406 &, § mmol), Ags0) (1117 2, S mmol), and 4A molocular sievos (1 g) in dichlorasthene (30 mL) was stired
al room tempersture for | h: tresied twice at I-h intorvals with additional portions of 342,06 5. 3 mmal), gy (117 5.
S mmol), and 4A molecular sicves (1 gJ; stirred for 3 h antil 3 disappearee in the reaction mexture (TLC monitoring); and
filtered fo remove insoluble silver conpounds and molcenlar sicvcs. Sohent was removed af rednced prossure. The solid vas
dricd, washed thece times with hot waer fo remove the excess of glucose derivatives, and dricd 1o afford the crude product
(19 ¢h A suspension of NaBH, (2040 mg) n isopropancl (1 mL) was treated dropwise with a solution of the crude product
(1.9.g}in isopropansl {10 mL) and stirred st room temperature for 3 b watil the reastion was complete (TLC monitoring). The
‘xcess of NaBH, was desomposcd by adding dropwise dilute (1-1yacetic acid - The reastion mixture was poured into a cylinder
with ground iee and extracted with CHCy The extracts were evaporatzd and dried. The solid was dissolved in sbsoluse
pyridine (10 mL). treated with acetic anhydride (7 mL), held at 90°C for 3 b (TLC monitoring), and pourcd onto ice. The
resulting precipitate was filtered. off. washed with cold water, and dricd. The salid (148 ) was chromatographed over 1
sl ge e wih o by hsancasie 1) oo 19032, 1434) 100 20 (1985, 4575,

351250 VA Joacetyl LD 4ene (19), mp 176-177°C
(ESOM), it mp [1] 177-178°C. PMR spectrum (00 MHy, CDCly, 5, ppm, JH): 830 (6H. 5, 0878 (34 51,0927 (3K, 5}
0968 (3H, 5), 1177 (3HL 5}, 1593 (3, 5), 1633 (3H, ), 1.977 (30, 5, Oke), 1991 (3HL 5, OAc), 2023 (3H, 5, DAS), 2435
(3L, 0Ac), 2,049 (31,5, OAc), 2056 (3H, 5, OAc), .65 (11, ddd, ) = 10,2, Ho) 410011 dd, 1 =120.3 2, 1),
AI30H )= 122 85 ) 448 (1H. dd, ] = 110, $.00, H-3a), 467 (1K d dyeyr =77 Ho1 483 (1H 1.1 = 107,
10,7, 5.2, H-12, 492 (1H,dd, J= 9.7, 8., H2), 499 (1H, 707 HA) S 01 (1K m, K241, 191K, 1, =95, 95
H)

35-Acotiny-208-hydrony-1 242346 etra-G-acetyi-D Ddene (20), mp 137-
HIPC (EAOH, it mp [14] 137-140°C. PMR spectrum (500 M¥lz, CDCLy, &, pp, VHz) 0867 (6H, 51,0 386 (3H, 5, 0 898
(3HL 53,0970 (3H, 5), 11H (3H, 51, 1643 (3, 53, 1706 (3H, 5), 1.989 (3H 5, 0Ac), 2 014 (3H, 5, OAc), 2,034 (3H, 5. O
2061 (3H, 5, 0Ac), 2093 (G, 5, 0Ac), 3.67 (1H,d, J =100, 37,37, K&, 381 (1H.1d, 1 =10.7, 10 7. .00, H-12a), 385
upL 5, OH), 421 (2H,d, J = 400, 2H.6), 449 (1, dd, J = 115,47, B3, 473 (1HL d. Jyry =801 Ho0'), 491 (1K, dd
B0, H-2, S.001H, 1L J=97,97, H4), 817 (1H, m, H-24), S21 (1K 1,1 =95, 98, B3}

Compounds 19 and 20 were deactylated by KOH (10%) in methanol at roors (cmperature

457
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and 420-Prosapogenin

Ch

By T. Kaku and Y. Kawashima

Summary: In the course of a chemical study on pure gin-
senosides, a ginsenoside-Rg: was isolated as colorless nee

les, from the lateral root of Panax ginseng C
For the characterization of R

The optical rotation valte
of both saponins were opposite to the published data. On
the large scale isolation of ginsenosides, trace amount of
ginsenoside Rgy was Isolated as erystal. Three compounds
and C, were isolated from the reaction mixture on

ivdrolyats of pimsenooide Ry R. i e with
acetic acid. A was 20R-prosspogenin and it was
with Rg,. On the other hand, B was found 1o be 20S-prosa-
pogenin, drd C wos esimated to “be prosagenin dehydrated
t C20-OH and named as 4%-p It was found
and € ar the

arasapossnlf.
that an sequilibration t present smong &,
earlier stage on acid hydrolysis.

Z

nfossung: Isolierung und Charakterisierung von

Key wor

Ginsenoides + Panax ginseng C. A

1. Tntroduction
The root of Panax ginseng C.

A. Meyer is one of the most
on_the isolation_of
Rb,, Re, Rd,

et al. [3a, b, c] and
pharmacological study of seven pure saponins, ginsenoside-

by, Rb,, Re, Rd, Re,
2. Ch
It s known that the structures of ginsenoside-Rby Rby, Re

R and Rg,, was also reported (4]

m!npmmxud\ol (Scheme
1). Mild bydrolyss of these ginsenosides with acid gave
Frosapogenin (36, 3, 6, 7, 8, 9. 10]. The prosapogenin wes
Convested inlo the 20R-protopanaxadiol by periodate de
sradation of the D-glucose mot position [9]. 1

s previously pointed ou tion oceurs a
€20 position in the acidic hydrolysis, however, 20S-
prosapogenin has never been isolated from the hydro-

Tyzat

C:
that epimeriz:

936

Meyer - Prosapogenins

cal studies on saponins of Panax ginseng C. A. Meyer, Third report

Ginsenosid-Rg,, 20R-Prosapogenin, 20S-Prosapogenin und
1-Prosapogenin

Im Verlauf der chemischen Studien iiber reine Ginsenoside
twurzel von Panax ginseng C
arblose Nadeln isol
sierung des Rg, wurde Chikusetsusaponin-1 (Ginseno
aus Rhizom von Panax japonicus C. A. Meyer
Nadeln isoliert. Dic optischen Rotationswerte von belden
Suponinen waren den verdGentichien Daten cnigegenge-
serzt. Bei der Isolierung von Ginsenosiden in grofierem
Mafistab wurde eine Spurmenge Ginsenosid-Rg, it Krisial
isoliert. Drei Verbindungen A, B und C en_aus der
Reaktionslésung durch Hydrolyse von Ginsenosid- Rb, Rby
und Re mit 50% wiifriger Essigsiure isoliert. A war 20R
Prosapos dentisch mit Rgs. Gleichzeitiy wur
-Prosapogenin gefunden. C wirde als dehydriertes Pro-
ibientn n C20-OH, 4°-Prosapogenin genann. Es wurde
Femgsatels, ey Gleichgonions ovichon A B
auf der frithen Stufe der Siurenhydrolyse stattfindet.

Saponins

our chemicsl study on pure g s,
al of s being

Loy S b
misreported, that Rg, whic 1,
choomatogram &y Shibeix of 2l it
20R-prosapogenin (A), that 20
prosapogenin (©) are also present i the acetic e l\yr
drolyzate of the above ginsenosides,
as ohmmul from lateral
Japan,
1 colum

2] is identical mm
s O

oot of the

yield by a silica gel cc
CHLCL/MEOH=85115),

Frp e peine and. saalycind velnss of
nd products (D-glucose, L-rhamnose and panaxatriol)
Hibrated on acid hydrolysis agreed well with those reported

e sign of optical rotation
to the published data (3¢
It was recently reported [13] that chikusstsusagonin-{ iso-
lated from rhiz
identical with

sample was opposite

japonicus C.
e-Rgs. So d it fro

nsenoside-Res. So we isola

Azncim.-Forsch, / Drug Res. 30
Kaki, Kiwashima - Glnsengide

T
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Fig. 1

T ties of

e 1: P

Ginsenoside Rg.

A
C2062)-Prosapagenin
Scheme 1

|
|
|
|

Thin-layer chromatogram of ginsenoside-Ra,

A-Prosapogenin C20(5)-Prosapogenin

rhizomes (commercial) to examine

the optical rotation.
‘ Again, the opt

ical rotation was diametrically opposite to the
published data for Rg.. Isolated chikusetsusaponin-I and

| ok this study were the same in all respects.
ysical constants, IR and NMR-
spectra of both saponins were made in Tab 2

3, respectively. In spite o the repetition of isolation and

‘Gitsencsdo R, and chikusctsusaponin, the

R dextrorotatory(+) sample reported could not be obiaincd
from the root or rhizome.

On the other hand, trace amount of sparing soluble crystal-

line substance was found in the course of the separation of

Rg, a silica gel column. This substance cor-

sponded (o ginsenoside-Rg, when checked by thin-layer

chromatography with authentic samples Rg, and Rg. (Fig.

.

|
| The comparisons of ph
|
|
|

| Sevéral analytical data of the Rg, suggested that the Rg;
should -osapogenin. In order to obain the authentic
ample of prosapogenin, ginsenoside-Rb,, Rbs,
e partially hydrolyzed with 50%
o the of Shibata et al.
prudm.h A, B and C, were
distinguis] on thin-layer o
column chromatography, but successfully separated by thei

Re. and Re,

Method

) | 157 ~ 159 EroR)
colorless needles

500 ~ 600 [ C.

a9
90
MeOH, 200

3400 (OH) 1635 (C=C)
NMR 3 = 162, 165
Cu gem

8 (4. Cil, of Rham.)

Chikusetsusaponia-T

155 ~ 156 (E1OH)

Chikusetsusaponin-T

ik, Kawashina - Gia

D Res 30 0, N

Gluc 2400 (01
¢'=io R | 1620 (C=0)
MeOH, 3

T CaHuOn | Glucose

= im HO | Rbamnose
Mo, 340 |

96 | coto, xa
c’= o 210

MeOH, 30° |

937
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Chikusetsusaponint

ehikusetsusaponin-I ().

Ginsensside A3, ‘

i

| \‘ @

I
WASYVIVAY

7 s s B 3 2 1 o
NMR-spectea of ginsenoside-Re: (@) and chikusetsusaponio-1 ().

1 |
H\J‘

Argnsin. Forsch./ Drug Kes. 30 (), Ne. 6 (1980)
938 ‘Kaku, Kawashima - Ginsenosides and prosapogening

e

| 208-Prasapogonin

| &= 2

(e)

|

940

205- and am-prosapo
I Component
0 Formua | pee.
S (secondary)
~30 4 Do = 2 TN ey —
ol — Fomane
Frysra——— i e | Catton | ez | Pamaeadiol
x otorless needles | 165 MeOH 2
- [ Do o SU | Couon | Gueow? | Famaadel
- T m | % McOH o CO6 25 | CeHuOu | Glucose 2 | Panaxadiol
—— it ots| w0 GO, | | |

< T e vom Ty Famaradol

- #-Prosapogenin white powde: + MeOH 25 |

lacge dife ubiiy i methaol. A sparingly
uble in methanol g copllalion from aq.
mm e (60%) a5 coloriess needies of mp, 298303 C,

@5 1400 (C 026, pyridine, and B soluble in methanl
was crystallized from ag. isopropanol (90%) as colorless
needles of mp. 248~250°C, (x) ;; +16.5° (C 1.00, meth-
anol). The physical constants ( 2) and spectral data
(e and 3 mvonety supporid that & (S0R-prmsapogm
s identical with Rg;

order to confirm the structures
Ty comeies bite SR o SR JroHSAINY by
periodate oxidation. Comparison of these samples with
authentic samples e merhods reporced (12
proved the structure of A and B to be 20R- and 20S-
eoespouhaing reapoaivdty [Soman1y: G o B were B

Ginssnoside R3;

of ginsenoside-Re, (a), 20R-prosapogenia () and

s Borsch /D Res. 38 @, e (1950

parated from methanol soluble hydrolyzate described above
by a silica gel column chromatography (cfuent: CHOL/
OH/H,0=75~ Tower Tayen). Analytically
pure C was prepared by the deacetylation of the correspond-
ing celie Which e pucifed on o s s column (e
fluent. benzene/MeOR A and C gave the
Tydrolyzace, panaxadiol and. D-glucose, by nydrochione
acid hydrolysis. The UV absorption of € (3206 am,
* 9050) suggests the presence of fwo double bonds in the
structure in comparison with B (3504203 nm, ¢ 3776)
Morcover, the NMR spoctrum of the acetate Showed &
new methyl proton signal at 3 1.54 ppm a5 & doublet I ~
25 Hz) in CDCl,, These evidences ndicate that € is 4%
prosarogein produced by the Simination of C20-hony
Oxy morety of C20-hydroxyl group. Examination of acid
hydrolyzates Of the gensonosides with thin-layer chromato:
graphy showed the formation of C at the earlier stage of
e hydrolysis (Fig. &), Tn addition, it was confimed by
check of thin-layer chromatography that Cand B—A
formed from B and C, respoctively, 11 aq. acetio acid (Fig.
6). A treatment of B with 35% hydrochloric acid at room
temperature gave a mixture of 20K- and 208 protopanaxa:
diol 55 reported on the mixture of ginsenoside-Rpy Rb;
and Re [14].
hertore it can b concuded 1t A and B ac i cqu-
libration State in the hydrolyzate via C by dehydration-
hydration reaction (Scheme 2). Thus, (208)-configuration in
the mative ginsenosides changes 1o (20R), and 30R-prosa-
Pogenin becomes the main product in the hydrolyzates

3. Experimental

3.1 Crude drugs

The dried laeral root of Panax sinseng C. A, Meyer cultvated
and " the commercial _dri

Meyer wors ad Tha

e the same patiern

romatograpty

Wakogel 100 ot 200) column was used for separa
Wi Substances. For jer_chromatography  pre-
coated TLC plate, sitca g0 Merck Art. 5715 was
used. As spray feagents, 10% sed for
saponins or_sapogeains and benzidine-trichloroacetic ‘acid (10
% beazidine acetic acid soln. and 10 ml 40% aq. trichloro-
<id/100 ml ethanol) for sugar. After spraying the plate
Was heated to above 1008 C

33. Physical measurements
Melting points wer ed on a Yanagimoto micro melting
mm pparatus and uncorrected, Optical rotation was. measut:
v Perkin-Elmer Model 241 polarimeter. IR spectra were

awashima - Ginscnosides and prosapogenins 939
|
spogenin(8)
| ey
i Il
‘I ‘w’
| N
I A v
I \ W,/
...aﬁb \/ ¥
o s s 7 . s ‘ 3 2
Fig. S NMRospectra of @, ® ana
authentic sample
CHEID/ MaOH/ MO tover ) :
€8.1..35..10. : °
@B
| ®c
| hydrolyzate from ginsenoside Rbr
| ® acomrmo=in 0 60
| hyarolyzate from Ros,ba,c mixture
& s - - | & aconrmos111 70 60
S 222 @ cuamonmonr 10
e 722222 T| o cramoumonn o 10
| . < tusou Mo 0110120 700 10
| | maronesie feoms
| @ aconsmo=1/1 0 80
] hydrolyzate from C
Q@0 6002 @88 | @ AcOHIH 01/ 1 70° 80
Fig. 6 Thin-layer chromatogram of hydrolysate in the mild hydrolysis resction.
Ho
Wo
cle  205-prempoenn
aimsencaide - i
Ao AmRe RS gl e .
e ° o< —
HO ole A-prosapogenin
I3
/ ole
o /
A
Ole  20n-prosaosenin
o
Scheme 2
Arsiz-Forsch. / Devs Res. 0 D, Ne. 6 550) o4
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on & Hitachi Mods! EPLG2 spectrometer. UV spectra
were Tecorded on a Shimadea- UY-210A double-beam speciro-
photometer NMR 5 were obtained with a JEOL FX-100

MR_spectrometer. Mass ‘spectra were obtained with a
Tiiachi RMDSMG, mass spectrometet

3.4. Tsolation of ginsenoside-R
1 kg of powdered lateral roots of Panax ginseng. C. A. Meyer
with 4 1 of dichloromethane at

wets removed trom the SOl

12. Reference literature for IR spectrum of IH-901RM

butanol 70 mb), The extract was evaporated in vacuo and the

) which
was soluble in methano und C (145 g), which had
wers separaed. &GO prosy
oxane as colorless
needles, mp. 298~303° C (dec.) [al 3 400 (C 026 pyvidine)
Anal. Calcd. for CyHy,0,q: C 64.26; H 9.24.
Found: C 64.03; H'9.33

again, 4050 ml was
supernatant liquid separated
residue evaporated in vacuo was

o
557186 . ) Boo14.0 (C 100, MeOH),
o 1.0 C €281, 925

IR (K dic) 3400 (O, 1635 emt (€ = C)

1 yidine—d) ) = 162, 168 6, O gom
G R TrLe o o4 (Crcl Gy
/3515 ower Ty

A

3.5. Isolation of chikusetsusaponin-T
Chikusetsusaponin-I_was isolated from powdered rhizome of

ana japonicus €. A, Meyer (1'kg) according (o the procedure
similar 1o that described above. aponin was crystallized
Srom ethanol cotodes needies (02 ®), mp. 1851569 C, (al

Al Caled for CH:10,,  H,0: C 6281, 1928

T (e s 3900 ), 1635 e

NXR. (pyridins Too G s sem. cHy, 8 178
(d. CH, of Rham.).
TLC R; = 045 (CHCL/CH,OH] 65/35/10 lower layer).

3.6. Tsolation of ginsenoside-Rg,
According (0 the procedure similar 10 described sbove, ginsen:
otide-Rey was separaied with Ry from ateal roots of Panan
e A Vover (10" ko). 1
S0 Re, was warmed with o' smail amount of
filtrated: The sparingly soluble crystalline powder in methanol
was purified by recrystallization from 60% aq. dioxane as
colorless needies (003 g), mp. 298~303C,
c

«© yridine).
Anal. Caled, for ;.0 C 64.25; H 9.24
Found: C 63.93; H'9.30.

7. Preparation of 20R-protopanaxadiol
The 20 protopanasadiol was prepared accordin (0 (he meihod
described in the literature (12]. A mixture of sapo
ginsenoside-Rb,, Rby, and Re, was used for th i

roduct was. Jicided as coloriess needies (04 8. mp

2380C (from benzene) (it 236—2: (@l + 178
(C 100 CHCL) (lit. +20.5°C 1.03)

Peeparation of 208-protopanaxadiol

(3 g), ginsenoside-Rb,, Rb, and R,
used for preparaiion of the sapogenin by published nu-lhud
[14]. The product was yielded as colorless needles (02 g),
199-200° C (from benzene) (lit. 197—200°C), el
(C 100 CHCLy (lit. +26.7).

fon of 20R-, 208- and

. Preparati
- prosupoz
A mixture of saponins (10 g), ginsenoside-Rb,, Rb; and Re, was
warmed at 70°C with 0% ag. acetic acid (250'mi) for 2 h.
The crystalline precipitate in the reaction mixture was fltered
off and washed with & small amount of methanol. The Altrate
was diluted with veater (200 ml) and extracted

942

was purified by
90% aq. isopropanol as colorless needles, mp. 248~250° C, m.,
£16:5.© 100 MeOKD

Caled. for CH,,0, - 2H,0: C 61.45; H 9.3
Found: € 61.57, 1557
c £) was acenylated with acetic nhydride (45 8)
Pyime  'mb ©

8z2

h water and concentrated (o dryness. The residue (22 g)

" & er06, 1 801

Mass spectrum: m/e 1044 (M* —CH,COOH)

The obtained acetate (0.5 g) was refluxed with 5% KOH/
McOH (30 mi) for 30 min, and the reaction mixture was
concentratedin vacuo. The rgudn: was neutralized in the ice
cted with n-butanol
putication of the Iiberated C on siica gel coluran (erueat
Iy MEOH/HLO — 70/30110 lower layer) gave white powder,
mp. (187—195°C), [a] & + 5.0° (C 100 McOH]

Anal. Calcd. for C H,0: C 61.49; 026

Found: C 61.69; H §.95”

20R- and 208-protopanaxadiol from A and
By pertoiat tesraantion

Sodium metaperiodate (1.0-g) was added into a suspension of

A (03 g in the mixture solution (McOF/EtOH/H,O /
60 mi) during 30 min under ice cooling and sirirring for 3 days.
ipitate in the reaction mixture was fl ff and the

filtrate concentrated in vacuo. The concentrated water solution
s extracted with n-butanol and the n-butanol extract was
washed with water. The n-butanol solution was evaporated in
acuo the residue was dissolved with a solution of

graphy on a silica_gel (effluent: CHCl/MeOH ) and

Crystallized from benzene as colorless needles, mp. 236~

238 e product was identical with the authentic sample,
di 3

from benzene as colorless needles, mp. 197~200° C.
the authentic sample,

“protopanaxadiol.

sugars and sapog

3L Micro analysis for s s (secondary) of
Saponins and prosapoz:

Saponin oc sipogenin (L m) was heated with 0.1 ml of the
acidic solvent (0.75

3
4
4
3

ethereal extract was evaporated in vacuo to

was dissolved in methanol and spotted on the thin-layer plate.

The water extract was

for_saponins, benzenc!
acetic. acid/methan

S/S/15/10 was used

Avgnsim-For | Drvs Res. 30 0, 6 (1950

13. HPLC/MS spectrum for IH-901RM(positive mode)

100 —

80 —

60 —

40 —
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The authentic samples of panaxadiol and panaxatriol were
prepared from ginsenoside-Rb, and Rg,, respectively by the
acidic hydrolysis described in the litiratuce 8, 11]. Two
commercial reageats, D-glucose and L-thamnose, were used for
autheatic sampl

4. References

(4] Kaku. T, Kawashima, ¥, Rep, Yamagouch Cent. Res. Lab
(0. 3, pp. 45 (1977) — [2] Kawashima, Y., K

Soc. Tapon 570k Conge, Tokye (1978) " (37) Nogai, V. Tanaka,

o

©. Shibata, S, Tetrahedron 27, 881 (1971); b) ‘Sanada, S..
ondo, N., Shoji, ., Tanaka, O., Shibata, S, Chem. Pharm
Bull. 22, 431 (1974; ) Sanada, S, Kondo, N., Shoji, J., Ta
. Shibata, S., Chem. Pharm. Bull. 22, 2407 (1974); d) Sapada,
. Shoji, 1., Chem. Pharm. Bull. 26, 1694 (1978) — (4]
T, Miyata, T, Uruno, T., Sako, L, Kinoshita, A, Arzneim.
Forsch/Drug Res. 25, 343,539 (1975) — [5] Asahina, Y., Tagi:
i, B. Yalugmkusshi 25, 309 (1905) — (6] Kotake, b
Nippon Kagaka Kaishi 51, 357 (1930)

7] Fujita,
- Sibata, S, Yakugakusasshi 82, 1634 (1962) — (31

From the

Shibata, S., Ando, T.

‘Ando, 'T., Tanaka,
Phaem Buit 30, 1373 (137
Acknowledgements

The authors are graef

Prof. J. Yoshi

, Chem. Pharm.

Bl 14,

e
) Kondo:

)
Pharm, Bull, 21, 2705 (1975}

2570579 = ) N,
Tanaka, O., Shibata, S., Chem.

murs, Tokyo Tnstitute

f Technology, for the wseful suggestion, and to_ thank
Messes. T Tebimura and H. Kantos for the NMR-specirs and
gt L

For the guthors: Prof, D

al’ C
Tokyo (Japan)

urgery, Stanford University School of

ad C:
Memcine, Stantord, Caliornia, and Desariment of Stnatics, Stantord Universty, Siantond, Castornia (USA)

0-Compartment Model for Digo:

Disposition in Dogs

By S. M. Kalman, H.-G. Gillner, Th. A. Gibson, S. Kuhn, E. B. Stinson, R. Miller, and J. Halpern

Summary: The disappearance of digoxin from heart and

cletol muscle was studed in dogs using"a sequential
/uopyy technique. The animals were injected with digoxin

five days and mhr:quzmh with *Hedigoxin for an ad-
mumml three days. 12, 24, and 48 h mu discontinuation

igoxin, tsead sumples'of left venivicle, lafs atrial &
pendage, and skeletal muscle were ke b “adion
digoxin serum levels were measured. With the help of
computer rogram, a ‘mathematical model was develope
for the description of the disposition and elimination of
digoxin from tissue. Disappearance from plasma and tissue
was consistent with a two-compartment open model.

z Ein ‘
Errechnung der Disposition von Digoxin beim Hund

Verschwinden von Digoxin aus Hes

I Kaku, Centeul Research Labor-
o, 1

Az

2 und Muskel wur-
¢ an_Hunden studiert durch eine sequengiale Biopsie-
Technik. Wirend fiinf Tagen wurden den Tieren Injek-

tionen mit Digoxin gegeben und dann mit *H-Digoxin fiir

Tage. 12, 24 und 48 h nach Absetzen von

p, goxin wurden Gewebeproben des linken Ventrikels, des

Serum-Konzentrationen von Digoxin wurden

ken Atriumaurikels und der Muskel entnommen. Auch

gemessen.

Mit Hilfe eines Computer-Programms wurden die pharma-
Kokinetischen Parameter fir Disposition und Elimination
von Digoxin aus dem Gewebe errechnet. Das Verschwinden

aus Plasma und Gewebe entsprach e
Kompartiment-Modell,

Key words: Digitalis + Digoxin, disposition, elimination, pharmacokinetics

Acsnim-Forsch / Drus Res. 3 (), N 6 (950)
Kilman st ot~ Bigosin
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HPLC/MS spectrum for TH-901RM(negative mode)
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RATIDY COMMUNIC ATICN
Torpid €

Aines St

Metal ion adducts in the structural analysis of
ginsenosides by electrospray ionization with multi-stage

mass spectrometry

Meng Cul, Fengrul Sang, Zhigiang Liu and Shuying Liu*
Chamgcinin instisste of Apgivad Chemnisy. Criness Acaremy of Sciencas. Crangehun 100622, P. AL China

Mikabedd 5 ity 00, o B3 Bty 20

The effect of metal (Li',

Na', K', Ag') cationization on collision-induced dissocistion of

ginsenosides was investigated by electrospray ionization mass spectrometry combined with multi-
stage mass spectrom etry (ESEMS®). The fragments of sodisted and li thisted malecules give valuable
structural infommation regarding the nature of the aglycone and the sequence and linkage

information of suger moicties. However, the number and relative abundances of fragment ions
fram lithiated ginsenosides are significantly grester than for the sodiated species. The K adducts
undergo §lyeosidic cleavages and very limited crossoring reactions. The silver ion adducts fragment

wainly theaugh glycosidic cleavages. Copyright §

Cinseng |
the bestknown ©

widely for over 00 years Ressanh stisthe have shows
pitsery can stintulte the tony
omganisn and build vy g‘ln’r.ﬂ vitality {u

affe

the cemtral nervoms sy

proces. Ginseng products

and have a lange cors

e morstrated o give rise to the pharmaclog
of girseng, Gimenosides an mainly drammarane triter
h (208} protopanasadiol or 205 rlmopumuunl
sxglycomne moiction. ploanolie add type sapoming
wach kind of girsemng, the species and content of
are chearly different. Strechsral analyse of fiee compoad
are still wually pedormed by chemical and bi
ation mefiods fhat are

P w

comsising because of the

minseroaides. Therefore. # is desimble o establish a rapid
rwsthosd fore structural analyis of girseno-

and cony enen

idem i medicinal herbs.
Many methods b

structural analys

chemical wonization (1) mass spectrometry”
wery luw abussdance mokcular i,
i of the gimenosiden. Field deorption onization (F)
M spevtrometry” can provide mass s
e withowt derivatipeen, but limitd strachsalspecific
sare provided Fast atom bombardment (FAB)
mass spectmometry” combined with collisional actvation

fragment

S

bewn applied o the chamcteriation
of girsenoskdes. Mam spectrometry has plaved an
mole e 0 its advantages of rapidity and semitivity in

Henwever,

€ hangen
Academy of Scenc

2001 fokn Wiley & Sons, Lid.

(LA} s spech
of underivatized gimenosides, and yields more struchral
infomn

ey can b usesd for strsctiral analy s

e ol the

then BT3. apecit Hhywenss,. bet

prrtusbation due t the matric

ey el gyl e
that is suitable for analysin of biomokeuks and thermally
labik compounds In reent studies, ESLMS bas
emphyed 1o chameenme varios natml produces
Uspenially whess combited with tardem nss spectometry
steuctunal information cus e obtained for conpounds,
Iugln.lnh gm-‘rlml\.l "

- devebpment of soft nization mass spectro.

metry, the study of adducts of metal catiors with variows
species hae bewn an area of significant interet’
v adducts. of organic melecules are vberved when
cation. fechniques,

wxch m elctonpmy ioniza-

Chemisiry, especially for polar erganic compeunds. Beside
providing mokcular weight information, the cationization
thed e alwe, in some cases, provide considerably ligher
tivity than protosation, for exain ple
Sl mms spectmmetry metal catinie
tmpuriant ionization mecha
chamcterization of mokecuk

sm that can enhamce the
ax a pre-NMR sty Such
analysis is fast, requines oaly a small amount of sampke, and
providen differes ways o activate fhe mekcule
dissouiation pathways ditferent from those observed for
proforated mokcule:

In the prreent work e studied the effect of the metal ion
M, Na', K, Ag' ) on fragmentation pathways in ES-MS"
of gimenosides. We find that the metal ion
comcertration it is poasible to suppress all other molecular

Gyt € 0N ol Wby & S, L4

|
|
o |
C7bo ) 750 .
rage 1 of 1
ESLMS analyah of ginaemasides s met s
R, Ry Ry Ry Ml aglycone
Compound 1 gleilgle H ci, glefLglc 1108 panaxadiol
Compound2  glei-l gl H cHy  gle®Lamipyr) 1078 panaxadiol
Compound 3 CHy e 946 panaxadiol
Compound 4 OH CHy 784 panaxadiol
Compound 5 CHy gle 946 penaxatriol

“ These MW datn are intergral values obtained by mincation of calculated vahies

Figuse 1. Stuctures of compadnds 1-8

adduct iors in favor of those with the metal fon fom the
oprant salt The fragmentation pathucys of the catonied
mukcuks depend on the natare of the adducted metal ion

EXPERIMENTAL

Comperund 1 was kindly provided by Prof X G Li of the
Chinese Agriculime Univemity. Compoundi 25 were
o froin the st of Chinese P gime i {atro fure
2 i als wsed were commiensially
available and of analytical grade. HPLC grade methanol was
tmed to dissolve the sample. Metal saks {LiCL NaCl KL
AGNO,) were commersially availabke.

A Finnigan-MAT [OQ jon trap mam spectrometer
equipped with an eketmspray jom source wen wsed. The
s spectionicter wis mass-calibrated with o solution
containing caficine, the teirapeptide MRFA, and Ukramark

1621, dissalved ina solvent of approdmately 3% waler, 5%

el i, acichified with Tk glacial acetic
acid The samples were dissolved in MeOH at concertmtis

of 107" M. Sampke solutiors were mtrodiced via a syringe
puimp at a fdow @i of Jul/min. The tamfer capillary
st 45 kY and s fempe i 10 200°C. The
prressume was 2.4+ 1017 Tarr, Nitrogen was wed
shwath g ata presure of K0 pe For M5 e périmonts
thee i for parentiom sekection was 3.0 Th. Helium was
1ned an thebuffer gas, and the collison enengy was acjusted

Coprromba ) 2001 flber Wiy e S, L]

aamtil the intirmity ratis of the hase peak to the parent wes
fnohuvesssy 2 and 20)

RESULTS

investigate the role of metal form i fhe procuction of
fragment dons from electrospraved ginanosides, o systema
e b estigation was performed by dopisg eath comp
separately (with cach of the metal salis [LiC], NaCL KOl
AgNCH) In order o elucidate the fragment pathways of
simsencsides, frags the
meclatun: proposed by Costele and collaboraton
ions metaining the charge on the part containing the aglyeone
are termed X, ¥ and Z (glycosidie eleavage}, wherea
oms e baining the Charge o the sigar towtes are termed 11,
) and A femss ring c kavage. Crss
s are abo desigmaked by supeiscript
smammbors inciicating the o bomdk ckaved. The saccaride
chain at C-3 of theaglyeone b fermed the 3-chain, and that at
€21 of the aglyeons is fermed the flachain Tn this study we
selected the monvbotepic ¢ peak in each cre for M5/ MS
studies.

In our cxperiments, we found fhe respective. mota)
oo inatead apeties of the ghvenoside to be the base pak
in the mas spectrum, provided the appropriake aneunt of
dopantsalt was sdded The appropriate concentrtionof the

it o wene labeled acconding b

thasse:
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Faguce 2. fa] ESI-MS specinim of 4 metianale sakison of campound 1: {5 MS® mactarn ol « Na]
4z 1131 of compourd 1. fo) MS? secinum af mz 789 ol com pound 1 {d) MS® spacinm of mie3as

#am mis 79 ot campaund 1, (8] M5 spectrum of

miz1131

mtal alts for procuciss mokcular sddict ke had o be
etermined by trial and emor in each cae

™ + Na]”
Lindder the experimental conditons, all ghreesoside LSI-MS
spectm contained the sodisted molecules m He st
abundant molecular ons when the smmple was ot doped
with metal salta. The soxdiam ion & probably derived from
athass comtainers and @ an impurity picked up during the
eeparation of the sample

Figure 2fa} shows the E5| mass spectrum of 2 methanohe
solatin of comrpound 1 without any other additive. The
sodiaked mekeule (M on i bserved and there are
o otter molecular love in this spectrm, oo are there any
sgiificant fragment ioms reflecting e mn iomization
chamcter of ESL Thi phemmmenon we a
e other saponins studied bere Thus the - vl
can be umambigsowsly dentified in the highmass negin
vielding molocular weight information. For ecample the
mckicular weight of compound 1 is 1108 Da fall M5 mao
data are quotsd using truncatis! intgml value for ooy e-
micnce indhis paper), deduced from the [M -+ Ma] o at s
1131

Coyeaba ) KK Jiey Wil & S, L1

Figure 3(b) sherws the ESEMS spectrin of the [M+ Na]
= 1131), which yiekled the most
e 78O by the lowed M2 T which
fits with the molerular mass ofad isaccharide [hese s
There & also a less aburdant ion at 1z 363 in this spectnam

o e soscited | | Obwienssly,
Hhese are a pair of complemertary fom. According fo the
vy strachure of compoand 1 (Fig. 1), the e
pssibilities foyield thof mgment konsat /s 7H%and 365 i by
the losm o ther disaccharide chain a1 C-21 oratC-3, or by losses
of the terminal gluose resid e at bothy e positions.

In el b i estigate these fragmentaton possibilides of
the [K 5 Na]* som, M5 experiment we e employed. Figure
e} shows the BS1MST spectrum of e Ay 759 ion frm
compuad 1 It is intereating that the ny's 789 jon vield
anurther mk 365 fory, cormesponding o the secomed sodiated
disaccharide

The e ditferent i 3635 ims formed (see Figs 2(b) and
eh) were investigated by mulistage mass spectrometry.
Figure 2(d} shown the M5 spectrim of g 365 o formed
frn the fimigerenation fragment jen at s 789 (g, 2()
T s 365 ion produsces a fragment at mys 205 by the ke of
162 D, hesiome i, aned thee s 213 jon itse B coresponds

15 S8h=ms

it M Spesbor, 200

Scheme 1. Stnchues of campounds 1-5.

T an intact sodiated hexose, which. comdirms furter that
there are tw hexone resid s in o sugar chain i thismfs 363
fon It is worth moting fhat this sz 365 jon abo vields an
abuadant croms-ring fon FX; at 5, 5 sodisied huose
{162 D) wamit phas 2 CoHLOy group (60 Da). by the ken of a
O, grovp (120 Da). The fragmmentation mehanism s
propesed in Scheme 1) During the crossrning cleavage
teactivn, the firt step is the opening ol the reducing rog to
form thet acyclic hydroxyl aldehyde species. Thon a hycre.

en marmngement and et Dicls Alder (RDA) reaction
oo, i which the bydagen o the hydiosy ] group i
trarsferred to the carbonyl group. In
25 o i formual, sugenting that the two besote frosidue
iy e related by o 1-2 linkage

Figgure2{e] shows the M8 spectrum of the other ion a n/
305 formed directly from nge 1131 (Mg 24b)). Thens are
bviots diffe s between Figs 2(d) amd 2(d). The ms 363
fon sl il from ays Dt z.-)p,m* series of
enmsrimg ks at m 5, WA | Wl 28 A,
By the Jussen of 30 L 90, md i H.‘vpﬂ:uv:"\‘ The
fraggmesation pathways are described i Scheme 1{b). Thess
s ring s are sl fmed by the RDA waction and H-

rearrangemend, and siggest that in this case the twe hexoses
are related by 16 lnhage.

According fo the above newls, om sugar chan in
compound 1 inviles a 16 linkage and the other a 1-2

Copyenba ) 201 Jiben Wiy S, L]

RCM

linkage. Companig thee el with the kowa stracture
1), ther (M 4 Ka|* dom yields the np's 759
o (Zoa) and s 365 don (Cxa) by e preferential s of the
cchuaride chain a1 C-21, then asether ion at s 363 (Crpl by
Jama ef the sexcharide chain at €23 from the primary fragment

of compound 1 {F

carbon atorm, The milocular s, of he s chisid chain ai
i obtained by the mawm difference hetween the
[M+ Nal* precusser and the Zr. fmgment ion, or from enly
therCp, e i Fig, 2 These chimacte risticsin the gaw e ars
irs quan it e g et with fhie property of girsenos e in
sehation, where the wte of hydrolyss at €21 is far fater
than that at €3

In addition, in Fig, 2e), the glycoside cleavage of the m
P9 e £y, leadds o kns 0f @ growup of mass 42 Da to vekd
e i 365 o (C1y). Themassof the kot seutral growp is in
agreement with that of fhe aglyeome (panasdiol, Fig 1) of
compund 1 with e ks of twe water mokcules. This type
of deavege provides seme information on e fpe of
alyeone of the girenoside

We alos inryestigated compuomds 25 by the same method
The MS® data for flee compounds are listed in Table 1. The
siated 25 shaw ther
thom pathways an compound 1 1L is wrth noting that for

T

G, M

ESLMS" analyvais of ginnenosides s metal fon wld uct

iple 1. Wajpr ESIAS” data for sadiaied compaunds 1-8 {mi vsues")

e .
nents T =
7
1 1 o b My Wil
i
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rund 5 similar fragmentation pathways ans obtained. 521 and 491}, In the M3? spectrum of lithiated compeound 1
- even thotgh the sugar chain i3 linked at C. # at C-3, aned (Fii: I, the ©,, don v iekds " A, iy 289), A, (ays 259)
that the mass differcnoe botween Ziy and Coy is 440 Da, and A, (/s 3H), The irsteresities of the ens. ring ioms are
which indicates that the aglvcome of compousd 3 ls highenough b permil observation of el further clay e
P paraxtriol (Fig. 1 The A, and 134, dom an: farmed from 124, in i MS?
apectium (e 3L and the "4 A, jon is formed from the
WAL, o in e M5 spectrun {Fig. i}, which confirms
o wr i (L I 1 uarther that the sugar chain at C-21 involves a 1-6 linkage
= | With addition of the appuopriste aneims of LCL the and e otherat -4 122 linkage in compound 1 Analogoin
] e lithiated girsemosides hecrnne the major melecular ioms in fmgments ane observed for the Cy jon (Figs 3] and 3(f)}
f -t the ISEMS spetrmm Figure 3(a) shows fe ESONS Clarly, beiaise of the increase in intersity, the b vable
i i spectnam of compoured 1 ebiained on adding LiC) sl choavages of the (M + Ll on will provide mare detailed
= w e lithiated mokcule n& 1115) is observed an the base  stractural informiaton than these of the M+ Na] * .
o k. suppressing e sodisted jon fovs 1131) o a miner The mapr ESEMS" data of lithialed com pounds 2-5 are

Figure 3. fa) ESHMS spackum of compound 1 with LiCk solusan; {b] MS/MS saectnm of (M 4 Li]

mie 1118]; {c) MS" apectum of 10 mé 773 ion: {d) M5 spacsum af #1a miea1 | ian bam m

773 i {8] MS* specium af Fie mix 348 ian kam mz 77300, (1) MS® speckum of he mes 299 ian
o ine 349ian ham ma 773kan; 9] MS' spectrum ol the mé 349 ian fam e 1115 on; ) M8"

spactum of 1 m/z289

348 ion #arm mz 1115 fon. () MS” speewum al $1e iz 25 lrom

172389 ion froen i 1115 foe, (1M spectruim of the s 228 bom 'z 348an bam n e 1115 o

Copyencha ¢

peak. When the (M + Li] *jon was subjected i CI. much
unt fragmment sons we olserved than for e
M+ H|" er[M + Nal* precuscrs. In Fig. 3b), the masses of
the magor fagment ons fom the Gthiated mokcuk: ars
sthiftesd don nlw 16 3 from thome observed for the sodiated
wpecis, which suggests similar fragmentation pathways.
Honweer, e \iecedty of the ko mament of |M £ LI
higher, o um st Fraggme i dere could be ohserved. In Fig
), the Y. ekl further the ﬁ:uzmrm o=
mmspms.mmm-um..m-.sa,.n-.w.n b 2 o
BN remaining atter subsajmnt ghycside bmd cleavages
Al the

RPN

11 itom prroducen o s ties of creds-ring o [

Copyenthe 201 flbes, Wil e Serr Ll

listed i Table 2 The major fragmentation pathways of
DM Gl are similar b these of e comepording
IM+ Aa|* precursers. altbough the ks o glyasidic
bond cavages are markedly enhaned In addition. the
fragment joms for cross ring cleavages of the dlsaccharide
mkties ame readily obseves, and mone (mgnent e are
produced

i ..m-m roting that, for compound Swith 3 pansriil
aglycome, the MS! s pectrum (Fig. ) for 2, (1
e Tithiated aglyeime (/e $67, Z,) and an additienal m/z
1 ion besides Coy and Yoy which was not found in the
ober compounds all of which have panadisl o the




15. Reference literature for LC/Mass spectrum of ITH-901RM
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aglycone. This sults probably from the fact that the sugar
chain m compound3 & Hnked to -6 o the aglycons, and the
oxyen at G is mon active than that at C3 that ako

M - K}~
Whenn ginsenosides are doped with KCL salition,
mumber and abundances of fragment

e decrease signifi

cxmresponds 10 the properties of gimenoaides in sohution cantly relative tor both lithizted and sedisted molecuia The
Table 2. Majr E5-MS" data for idiasd camposnds 1-5 fmiz ralues’)
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remote desociation, ie Jeading o mamly

ey, ith L sxminpe bitive Cros-ring rea tions.
Acserng i S present UM ot o mitelention,

1" iore. of girenoides in

iresd ides, the
1 ini
i
2 s b e
3t
a 1 us =
4 -

s us u

i shanis o
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S B b s Vs o il

incneases. gver that of the [M -+ Na] " case by more than one
enter of magmitude The fragmentation of [M + Ag| ™ o
ariss mainly from ghcodic bend cleavages. Mo coss-ring
o are shserved. Figom f{a) shows the ESLMS spectrum of
compound 5 the "TAg adduct, with an sburdant
MG ASD on (i 1053) u‘g.m- b} shows the M5/ NS
swnmmmm M+ Agl* ko b vislds emly the Z, jon

A7) I the hes? =Fkl1rumyllxmnm Fig, 6ic), the 2., iom
pmduw Yix dnz 7T} and Zi dmgs 547). The ESLAST
specti of [Mo+ Al iors of cmpounds 1-8 an: lsted in
Table 4

DISCUSSION

The above ox perimental nsulis indicate that the inte mctis
betiveenmeetal ion and oxygen atema varks with the species
b metal keivn and the stractises of the ginsenide. For the
smallest mebal ion {lithinm), high abundances of L adducts
pemmiit obwervation of a Lige variety of fragment jons,
sangigesting that Li* may promete charge-induced dissoci-
o 10 a high deigree D o the sl rodiis and mas of the
Li atorm, during, foniation the Li ion can move around the
mmokcular surface amd promote cesvages at varis point
i the girsenorido moleckle. This, frgment oo from

multiple cleavage ruactons are obmerved in the
wpectim of lithium -doped ginsenoides. Sodium-cationised
species have lower CIIY efficiercies than lihinm catiomized
species, possibly dime i o higher stability of the sodised
rochuct ks relative fo thr Lithiated S Fusther,
with an

crense of sime of fhe metal don. fh
ma cocrdinaed de the metal ion \‘nH.\lH\‘
ineneaes, this kading to a groater sisce pibilty o charge

Clpyentbe 0 N1 b Wil & S, L

mixhams can be ecogmined in ESEMS' spectra withow
addition of any metal-don doping selution. which B
comumient for determination of the moleculr weights of
sinsenenides inmixture. Inadditon, by MS® analyse of the
* dons of gimenosides. the

de suxting information on the type of
aglveone. P, o b ai sl wilhable i
unambiguos detonmination of the crtentzid molaouls
mixtunes. The explanation s that the lithiated and sodtiated
snokectalos ifters aprpear fogether irs the specte fog g 3],
and their mes ditherence {16 Daj is Hhe same as that between
buwes posisible gt it {ach o R and 1) wikich leads

6 ambiguity in setcrmining whether any particular peak
comspomds o a lihiated or sodiated ion The [M + K]

iiaton ot gresssnidi, Sihver gt solsaton sy e
imed

CONCLUSIONS

Foor ginseimmides, the species of dopant metal o affets the
anda o fraggamet foes firmesd wnder (51-

ME" cond. molec ules

have charatenstic fragmentation pathways that ane very
el for convenient scresning of ginsenoside in mistme
wwith information on fhelr stracturs, s aveiding un
rexemary consuwmption of time and material For libisted
and scxdiated adducts, (et froperties e gas phase 1o
semible these in selution b some cxont
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16. HR-FAB/MS spectrum for IH-901RM(positive mode)
{ Mass Spectrum 1
Data : Ginsenoside-K-HRFAB Date : @8-Feb-2007 18:54
Sample: -
Note : -
Inlet : Direct Ion Mode : FAB+
Spectrum Type : Normal Ion [MF-Linear)
RT ¢ 1.13 min Scan# : (14,15)
BP : msz 645.4255 Int. : 61.25
Output m/z range : 570.0@d2 to 69@.08000 Cut Level : 8.28 %
1284524 §45.43
182
9@ A
80
70 A
521 623.45
50+
49 4
30 |
20 A B61.41
6@5.44
579.46
124 1 543.41
* 578.43 “ 587.44 \ A A 5955
o aann UL AAIMA‘AAAI\/\ Aanpasdd ﬁﬂ;\’ A ‘M A’\]\AJ\‘AA saakan LA : oY s : Coa ,
570 575 58@ 58S 594 595 68@ 6@S  6l@ BIS 628 625 63@ 635 648 645 658 BS5 660 665 67@ 675 680 689 630
iz
17. HR-FAB/MS spectrum for IH-901RM(negative mode)
[ Mass Spectrum )
Data : Ginsenoside—K-laufFFB Date : @8-Feb-20@7 18:14
Sample: -
Note : -
Inlet : Direct Ion Mode : FRB+
Spectrum Type : Normal Ton [MF-Linearl
RT : 8.3@ min Scant# : (5,6)
BP : m/z 425.2157 Int. 1550.@8
Output mrz range : 100.2008 to 800.0292 Cut Level : 8.08 %
325087546 425.2
102
92 -
82
70+
135.5
69 -
58—
217.8
40
30 -
497.2
20 4
443.2
271.1 645.3
12+ / 369.2, {
| ‘L 623.3 l
527.3 605.3 | 287.3 4
o ‘ Wi ULkl ik A, - v " J 7
1ee 250 308 350 400 4508 500 550 620 650 708 750 80@

m/z




[ Elemental Composition ]

18. Elemental composition determined by HR-FAB/MS

Page: 1
Data : Cinsenoside-K-HRFARB Date : 08-Feb-2007 10:54
Sample: -
Note -
Inlet : Direct TIon Mode FAB+
RT 1.13 min Scan#: (14,15)
Elements ¢ 36/0, H 63/1, O 8/0, Na 1/0
Mass Tolerance : 1000ppm, 3mmu if m/z < 3, 9mmu if m/z > 9
Unsaturation (U.S.) : -0.5 - 100.0
Observed m/z Int% Err [ppm / mnua] U.S. Composition
605.4419 13.5 +0.3 / +0.2 6.5 C 36 H 61 O 7/
+4.2 / +2.6 3.5 C 34 H 62 O 7 Na
623 .4524 56.0 +0.2 / +0.1 5.5 C 36 H 63 O 8 }
624 .4503 21.3
645 .4255 100.0 -13.5 / =Bhacd 5.5 C 36 H 62 O 8 Na
646.4328 39.2
661.4113 18.3
[ Theoretical Ion Distribution ] Page: 1
Molecular Formula : C36 H63 08
(m/z 623.4523, MW 623.8214, U.S. 5.5)
Base Peak : 623 .4523, Averaged Mw 623.8943 (a) , 623 .8950 (w)
Iﬁ/z INT.
623_4523 _]_OO_OOOO B R T e R e e e R R R R R R R R R R R
624‘4557 41_2903 AhkAhkhkhdkhhAKTFARLAAbRA Ak A AR A AL %
625.4587 9 9055 AFdikx
626 .4616 1.7445 *
627 .4644 0.2472
628.4671 0..0286
629.4698 0.0031
630.4725 0.0003

19. UV spectrum for TH-901RM
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20. UV spectrum of the peak corresponding to TH-901RM in HPLC photodiode amray system
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21. HPLC fingerprint 1 for IH-901 reference material

DAD1 A, Sig:203,8 Ref=off (IH301\IH901007.D)
mAU

250 i

74.091—IH-901
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50—

‘ 0 10 20 30 40 50 80 70 min




22. Peak purity analysis for TH-901 reference material in HPLC system 1

23. HPLC fingerprint 2 for IH-901 reference material

DAD1 A, Sig=203,8 Ref=off (IH901-1\IH901006.D)
mAU
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24. Peak purity analysis for TH-901 reference material in HPLC system 2

25. HPLC fingerprint 3 for IH-901 reference material
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Abstract

Revessedphase LC with an evapemtive light seanering detector {ELSD) is used for the derermination of kss polar

ginsenosides in processed ginseng Thess ginsenosides inelude ginsenosi
bonded silica column with a

Rs. The method used a C
epimers and geametic fomers a the €

H,CNHLO/
0 position 6 ginsenosides, which are 1ot generally separated by swiing eolumns,

Pl R, Rg,. Re. Rk, Rk, Rs, Re,, od
COON graient clution. (20R) and (205)

were now clearly sepamted. © 2001 Elsevier Seience BV, All righs reserved

Keywards; P ginseng; €insenosides

1 Introduction

(iinseng, the mdix of Panar ginseng C. A, Meyer,
known as Karean ginseng, s one of the mast widely
used hethal medicines in the Orient. Recently, we
reperted that steaming the ginseng at high tempera-
ture greatly enhances fts biologieal activity [1.2], We
also isoluted several new pinsenosides fom the
steamed ginseng that are not present in white ginseng
[3]. These were ginsenosides F,. Rg,. Rg.. Rg,.
Rk, Rk, Rk, Rs, Rs,. and Rs. (Fig. 1), Gin-
senoside Rg, showed strong vasorelaxation activity
[4] and anti-platelet aggrepation activity [S]. Gin-
senoside Rg., Rs, and Rs, also showed anti-cancer

*Coreipanding s, Tel: 8228817857, fax: 522
74

il e Willparkiid s ke (K10 Park

activity through the induction of apopiosis [6-8]
Therefore there i a need to analyze these
scnosides which demonstrate importint pharmaso-
logical activities

However, the reparted methods arc not appropriate
for the determination of new ginsenosides in pro-
cessed ginseng since they shaw less polarity than the
previously known ginsenosides, This paper describes
the ‘successful determination of these less polar
compounds by RPLC-ELSD

4

2. Experimental
2. Preparation of vamples

Fauryesrold frosh ginseng was puschased from
the local ginseng market in Scoul. Ginsénosides b, .

0219573101 /5 — soe lrany maner © 2001 Ebevier Science DY, All rights resrved
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22 Chramatographic condivions

The LC system cansisted of twa Hitach {Tokya,

(h)

(S

X " l
5
l._. il -
¥ i1

Jupan) model L-T100 pumps coupled with 2 Rhea-
dyne (Cotati. €A, USA) model 7125 injector, Sedex
model 55 ELSD (SEDERE, Alfartville, France) and

g wn

"y I

Jil XU.“V ap

P 2. Clromstogsm of fresh ginseng (s}, stesmed gmseng 2t 100°C 13§ (b) snd ssamed gmseag at 120°C/3 b { Peak identity: mee

Table 1),

26. Reference literature for the LC separation of less polar ginsenosides
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&
=
,

Gimenoside R Ry
(QOS)RE,  GileGike- H
(Q0S)RB, G-k~ "
(205)Re GGl H

(0SIRE GloGils i Gl
£208), (0RIRg, Gle-Glc- H "
1208), QOR}RS, AcGle-Gle-  H it

(208$)Re H o ReGleO Gk

(208)Rg, H Gle0- Gle-
(20S) (20RIRE, B RhaGkO- i

(2081RE B OGO G-
(205), (ZORRK, M Gle.0- [

et H Ac-Gle-0

Fig 1. Struchise af

Rh., Re and Rd were gencrows gifts from Korca
Ginseng and Tobaceo Rescarch Institute (Daejon,
Korca). Ginscnosides R, Rp,. Rg,. Rk,, Rk, Rk,
Bs,. Rs, and Rs, were isolated and identified in our
laharatary [3), Two hundred g cach of fresh ginseng,
ginseng steamed at WPC for 3 h, and ginseng
steamed at 120°C for 3 h were refluxed with
methanol for 6 h. The organic solvent was removed

Crscrionide R, R
F, H Rbss-Gile-t)-
3 G-k~ H
BB Gl H
Riy, H Gle-0)-
R, AcsCle-Gle-
R H Aeile 0.

Giler Dghucopymanoyl, Araipy: -L-arsbinopyrancayl, Act-O-aceiyl.
Arai ) -L-arnbinofuraneny, Rha: -L-thamnapyranosyl

A ot determinesd

ginseng sapaminn.

and the residue was dissalved in 1000 ml of water
and extracied with 300 ml of dichloromethane, The
aqueous layer was further sxtracted three tmes with
300 ml of water-saturated a-butanol. The a-butanal
fraction was cvaporated and the residue was dis-
salved in 40 ml of methanol, which was subjected ta
LC determination. The samples were fillered before
Injection.

8 ST Koo e ol 1S Chromadogr, 4 V21 (280]) 335339
Table |

Analyiical chamcteristios of ginsaasides

Peak mo Gimenaside LODs Comamss' RSO RSTX %) of
i Fig 3 g 3) Imer.day fu=3)
] 0 Rel, 45(Re, ) B 3

2 . < 25
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Chromatopac model C-R7A¢ integrator (Shimadey,
Kyoto, Japan). ELSD conditions were optimized in
arder 1o achisve maximum sensitivity: temperature
af the nebulizer was set for 40°C, and N, was used
as the mibulizing gas at @ pressure of LK bur
Separation was performed on a Mightysil RP-1 (5
wm, 250%4.6 mm LD., Kanto Chemical, Takya,
lapan) column, A gmdient clution system of A
((‘H.("N H O S CH COOH=15:80:5) and B
(CHONH O=K0:20) was used (0% B (0 min);
A% B (10 min); 50% B (25 mim); 100% B (40 min)
100% B (530 min)]. The solvent low-rate was 140
ml/min and the injection volume was 10 pl. A
Finnigan LCQ (San Jose. CA. USA) lon-trap mass
spectmmeter with electmspary  ionization (ESI)
mode was used in the LO-MS method ESI cor-
ditinn was as fallows: source voltage 4.5 k¥, sheath
gs fowerae 6 har muxiliary gas flow 2 har,
capillary voltage —9.3 V. capillary temperature
280°C, collision energy 10 V.

3. Results and discussion

We previously reported an LC determination of
ginsenosides in processed ginseng using an amina
calumn [2}. However, we discovered that cpimers
and geometric isomers do not separate an an amina
calumn, (205 ginsenaside Rg, did nol separate from
its {20R) cpimer, (208)Ry, from (20R)Rg,,
{208)Rh, fram (208)Rh,, and (208)Rs, from
{20R)Rs,; geometric isomers of ginscnosides Rk,
and R, R, and F,, Rs, and Rs, and Rk, and Rl
were nat separated cither, Our cfforis 10 separnte
these lsomers by modifying the solvem system,
column temperature and flow-rate were unsuecessul.
As an alternative, the use of a reversed-phuse
separation was atempicd

An experiment with a €, bonded silica column
with 2 CH,CN: H_0; CH,COOH salvent system
was successful i separating (208) and (20R) epi-
mers of pinsenosides Rg,, Rh,, Rg, and Rs,.
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27. Reference literature for optical

Reference literature for the LC separation of less polar ginsenosides

Geametric isomers @t the C-20 pesiion i,
md F,. Rk, and Rh,, Rk and
and Rs, and Rs, were also clearly nq:amed Lllmmm
this system. 1t was found that the {208) eplmer of
pinsenoside Rg., Rh. Ry, and were cluted
carlier than its relevant (208) epimy nd A20(21 )
geametric isomers were cluted eardier than its rel-
evant A20(22}-isomers

RPLC traces of three kinds of ginseng cximct are
presented in Fig. 2. Peaks were identified by compar-
ing retention times and LC-MS spectm with those of
refe

senosides

nee compounds

Fig. 2 demonstrates that sicaming the ginseng ot
increases the comémts of less polar gin
L0210 and decreases polar gin-
senosides {peaks 1-9) Through this methad less
polar ginsenasides which have heen difficult ta
determine by usual methods were clearly detecied.
The calibration curves, plotied by double logarithmic
coordinates [9], showed good linearity (/= 0995
0.999), The slope was in the mnge of L36-1.00
[10]; Precision of the assay, wpresented by the
relative standard deviation {RSD), was the range of
(1045 % for intra-day variation and 0.65-8.5% for
inter-day variation {Table 1),

cral | J Clrnmaagr: 4

202000} 335-339 39

In conclusion, the RPLC-ELSD method is a
cessful technique to determine less polar gin-
senosides in processed ginseny
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Abstract

G g 4 24

B.20(S)-diol (4), with hepta-O-acetyl-c-

sophorosyl bromxde (s) ‘ander catalysis by Ag,CO, or Ag,0 afforded a chromatographically

unseparated mixture of the a- and f-linked octaacetates 6 and 7 in an approximately

ratio. After and

2

the free a- (8) and B-glycosides

(9) were obtained. Sophoroside 9 was identical in all respects with ginsenoside Rgs, the
minor component of Ginseng Radix rubra. All compounds were fully characterized by 'H
and °C NMR spectroscopy. © 1997 Elsevier Science Ltd. All rights reserved.

Keywords: a-Acetobromosophorose; Ginsenoside Re; Ginseng Radix rubra

Ginseng, the famous plant drug, has been used as
an expensive traditional medicine in oriental coun-
tries for more than five thousand years. Ginseng and
its crude extracts have a tranquillizing action on the
central nervous system, elevate blood pressure, pro-
tect against physical and chemical stress, and have
other actions [1]. After many twists and turns, it was
determined that the major active components of gin-

of the individual compounds in a pure state from
crude extracts, especially minor components, is often
tedious. Due to the biological activity and low con-
tent of some of the dammarane glycosides in ginseng,
this preparation is of interest. In particular, this in-
cludes the 20(S)-ginsenoside Rg,, a minor compo-
nent isolated from Ginseng Radix rubra [2]. One
route to ginsenoside Rg is the mild acidic hydrolysis
of

seng are

y of of the
type. To date, about thirty glycosides have been
isolated from roots of Panax ginseng. The isolation

" Corresponding author. Tel.: +7(4232)-314-050; fax
+7(4232)-314-050; e-mail: anufriev @piboc.marine.su

by, Rb,. Re, and Rd, but a mixture
of 20(R,S) epimers is fortued [3]. We now describe
the first synthesis of 20(S)-ginsenoside Re;.
For the synthesis of ginsenoside Rgy 126-
4-en-38.20(5)-diol (1
pmmpanzxadml, 4) was chosen as glycosyl acceptor
and  hepta-O-acetyl-a-sophorosyl bromide (-

0008-6215 /97 /$17.00 © 1997 Elsevier Science Ltd. All rights reserved.
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acetobromosophorose, 5) as glycosyl donor (Scheme
1). The 12-O-acetyl derivative of 20(S)-protopan-
axadiol 4 is the most convenient aglycon for the

of a residue
onto the C-3 position, because the tertiary C-20
hydroxyl group is sterically hindered by 12 B-acetoxy
group [4]. 12-Acetoxy-protopanaxadiol (4) was syn-
thesized from 20(S)-dammar-24-en-3e,12 B,20-triol
(betulafolienetriol, 1) in three steps. Betu-
lafolienetriol, isolated from the leaves of birch [5],
was oxidized with Sarett reagent to give the 3-ketone
2. The acetyl derivative 3, prepared from 2, was
reduced with NaBH, to give 12-acetoxy-protopan-
axadiol (4) 4]

i

(4) was
with a-acetobromosophorose (5) [6] in
dichloromethane in the presence of silver carbonate
at room temperature (Koenigs—Knorr conditions).
Chmmauography on silica gel, and elution with light
ave a i ho-
mogeneous product (57% overall yield). The use of
silver oxide as an acceptor of hydrogen bromide gave
a comparable result to that of silver carbonate (49.5%

H
1R=H,R1=

2R=H,R'=0

3R=AC,R1=0
4R=Ac, R1= (N

Fig. 1. Part of the 'H NMR (250 MHz, in CDCI,) of the
mixture of a- and f-linked octaacetates 6 and 7 (a region
of anomeric protons).

overall yield). Inspection of the 'H NMR spectrum of
product suggested that the latter was a mixture of the
a- and B-linked octaacetates 6 and 7 (Scheme 1).
Indeed, in the region of A-anomeric protons, there
are three characteristic doublets at & 4.44, 4.69, and
4.60 (Fig. 1). The coupling constants (J = 7 Hz) for
these doublets, agreed with a B-configuration for the
corresponding residues. The intensities of the first

HiCOAC
o,
Aco-
Aco.
o
&r
o
one
AOHL
hco
0
5

or

7R=Ac
9R=H

Scheme 1.
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two signals are equal, indicating that the correspond-
ing protons arise from B-sophoroside octaacetate (7).
The signal at & 4.60 arises from the A-anomeric
proton H-1" of the a-sophoroside’s residue in gluco-
side (6). In the 'H NMR spectra of a-glycosides, the
anomeric proton signals are usually observed at &>
5.0 with spin coupling values J,, in the range
3.7-5.0 Hz [4,68]. As it is shown in Fig. 1, the
a-anomeric proton signal is overlapped by other
carbohydrate resonances from compounds 6 and 7.
Thus the exact H-1' signal position was measured by
selective decoupling experiments on individual com-
pounds.

The ratio of intensities of the anomeric proton
signals at & 4.60 and 4.44 (or 4.69) is equal to the
ratio (= 2.5:1) of 6 and 7 in this mixture. In addition,
in the region of methyl and acetyl group resonances,
there are only three low intensity peaks from methyl
groups and only three of the same intensity from
acetyl groups. The intensity of each of these small
signals was approximately one third of an ordinary
CH; peak.

af-
forded the frcc a- (8) and (9). The

CDCl, or pyridine-d; as solvent and Me,Si as an
internal reference (8 0). Elemental analysis was per-
formed with a Perkin—Elmer 240.

12 - Acetoxy - dammar - 24 - en - 3B, 20(S) - diol
(4).—(i) Osidation of betulafolienetriol (1): Sarett
reagent was prepared from dry pyridine (17.5 mL,
220 mmol) and CrO, (10.56 g, 106 mmol) in accor-
dance with procedures described by Ratcliffe and
Rodehorst [9]. Betulafolienetriol (1) (18.89 g, 41
mmol) in CH,CI, (300 mL) was added to a stirred
CH,Cl, soln (200 mL) of pyridine—CrO; complex.
The reaction mixture was stirred at room temperature
for about 5 h and monitored by TLC (3:2 hexane—
acetone) every 30 min. A small volume of MeOH
was added to decompose an excess of CrO; and the
reaction mixture was purified by percolation through
a short column of alumina (100 g). The volatiles were
removed under vacuum. Methanol (30 mL) was added
and evaporated from the residue thrice. The semisolid
was triturated with hot MeOH (80 mL). After cool-
ing, the precipitate was separated by filtration. The
product (12.2 g, 65%) proved to be identical with the
authentic dammar-24-en-128,20(S)-diol-3-one (2) by

assignment of the '*C NMR spectra of 8 and 9 was
done by comparison of their :pcc[(a with those of
related and

diol, taking into account the cffects of the change in
configuration at C-1' in 8 [4,7,8]. The spectral charac-
teristics of 9 were identical to those of native 20(S)-
ginsenoside Rg; [2].

Treatment of the free - (8) and S-sophorosides
{9) with acetic anhydride in pyridine resulted in thc
corresponding - and PB-octaacetates 6 and 7. 'H
NMR analysis of pure octaacetates of a- (6) and
B-sophorosides (7) confirmed our assumption about
the "H NMR spectrum of the mixture.

1. Experimental

General procedures.—All melting points were de-
termined with a Boethius apparatus and are uncor-
rected. Optical rotations were measured at 20 °C with
a Perkin—Elmer 141 polarimeter for MeOH or CHCl4
solutions. Column chromatography was performed on
Silica Gel L (Chemapol, Czechoslovakia) 40,100
(). Precoated Silica Gel 60F-254 E. Merck® plates
were used for TLC, and detection was

of their IR-spectra and by TLC [10]. 'H
NMR (CDCL,): 8 0.90 (s, 3 H), 0.98 (s, 3 H), 1.03
(s, 3 H), 1.05 (s, 3 H), 1.08 (s, 3 H), 121 (5, 3 H),
1.65 (br s, 3 H), 1.70 (br s, 3 H), 3.61 (ddd, 1 H,
/,2”a 100, Ji313 9.7, Ty 5.0 Hz, H,12), 5.18
(m, 1 H, B24); °C NMR (CDCL)! 8 217.8 (3),
705 (12), 73.8 (20), 125.1 (24), 131.3 (25).

From the 'H NMR spectrum, the resulting solid
(2) appeared to contain a small amount of impurity
(less than 5%) and therefore was used in the second
stage without purification

Gi) A of 12,20-dihydroxy 2
Compound 2 (12.0 g) was acetylated with Ac,0 (36
mL) in pyridine (60 mL) at room temperature for 15
h. After the usual work up, 12 B-acetoxy-dammar-24-
en-20(S)-ol-3-one (3) (11.8 g) was obtained. NMR
data [4] showed the product 3 was slightly impure
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Gl of 12-acetoxy-p ol with . After the usual work up, the corresponding octaac-
a- —@) ¢ in the  etates 6 and 7 were obtained.

presence of silver carbonate: A solution of 12-
acetoxy-protopanaxadiol 4 (0,502 g, 1 mmol) and
a-acetobromosophorose 5 (1.75 g, 2.50 mmol) in
CH,Cl, (20 mL) was stirred at room temperature for
15 h in the presence of freshly prepared Ag,CO;
(0,746 g, 2,70 mmol) in the dark. The mixture was
filtered and concd under reduced pressure. The residue
was chromatographed on silica gel using 6:1 — 2:1
petroleum-acetone as eluent, to yield a product with
R, 046 (2:1 hexane-acetone) (0.638 g, 57%). A soln
of the product (0.638 g) in MeOH (3 mL) was kept at
room temperature in the presence of MeONa (three
drops of 1 N soln in MeOH) for 15-20 h and
reaction monitored by TLC (3:1 CHCI,~MeOH, satd
with H,0). The reaction mixture was neutralized
with Amberlite IR 120 (H™) and filtered. The filtrate
and methanol washings were taken to dryness. The
residue (0.439 g) was chromatographed using 15:3
CHCI,-MeOH, said with H,0, as eluent to yield
pure 8 and 9.

(12B-Ac )(S)-hydroxy-de o-
y)-3',4.6',2",3" 4" 6"-hepta-O-acetyl-a-sophoroside
(6): mp 113116 °C (petroleum—ether); [a ]2 +32.8°
(r 10, CHCI,); 'H NMR (CDCL): 5 460 (d, 1 H,
Jpa 81 Hz, H-1"), 504 (d, 'H, Jyp 37 Ha, H-1);
C NMR (CDCL,): 5 96.8 (1), 101.2 (1), 87.5 (3),
76.7 (12), 73.7 (20), 125.3 (24), 131.0 (25); Anal.
Caled for CggHggO,: C, 62.12; H, 7.91. Found: C,
62.24; H, 7.98.

(12 B-Acetoxy-20(S)-hydroxy-dammar-24-en-3-O-
y0)-3'4,6',2".3",4" 6"-hepta-O-acetyl-B-sophoroside
(7): mp 110-113 °C (petroleum~—ether); [a ]& —7.45°
(c 1.0, CHCL,); '"H NMR (CDCL,): 6 4.44 (d, 1 H,
Jyp 7.8 Hz, H-), 4.69 (d, 1 H, Jp 0 8.0 Hz, H-1");
HENMR (CDCI): 5 1007 (1), 1035 (1), 910 (3),
766 (12), 73.8 (20), 125.4 (24), 1312 (25); Anal
Caled for CygHggO,: C, 62.12; H, 7.91. Found: C,
62.29: H, 7.96.

(128,20(S)-Dihydroxy-d 4-en-3-O-yl)-a-
sophoroside (8) (280 mg, 35.7%): mp 196-198 °C
(MeOH-H,0); [a]¥ +73.5° (c 1.0, MeOH);
NMR (C5DsN): 6 525 (d, 1 H, Jpy 7.6 Hz, H- 1”)
5.67(d, 1 H, J,p 3.7 Hz, H-I'); C NMR (CsDsN):
5975 (1, 1062 (1), 85.4 (3), 709 (12), 72.9 (20),
126.1 (24), 130.3 (25); Anal. Caled for C,;H,,0,5:
C, 64.26; H, 9.25. Found: C, 64.46; H, 9.30.

(12 B,20(S)-Dihydroxy-dammar-24-en-3-O-yl)-B-
sophoroside (gnsM&_%ilﬁQm&_lS .9%):
mp 192194 °C (MeOH-H,0){[a]¥ +8.5°(c 1.0,
MeOH); 'H NMR (C,D,N): 8 495 (4, 1 H, 7, 73
Hz, H-1), 539 (d, 1 H. Jyp 7.3 Hz, H-I');
NMR (C,D,N): 5 1047 (1), 1056 (1), 88.9 (3)
709 (12), 729 (0), 126.1 (24), 130.4 (25); Anal.
Caled for CoyHop0y5: C, 64.26; H, 9.25. Found: C,
64.43; H, 9.31.

(i) Condensation in the presence of silver oxide:

and was used in the third stage without

(iii) Reduction of 12-acetoxy-20-hydroxy-3-ketone
3: Crude product 3 (11.5 g) was reduced with NaBH,,
(1.3 @) in i-PrOH (200 mL). After working up in the
usual way, the residue was eluted from a column of
silica gel with light petroleum-acetone (15:1 - 9:1).
The fractionation, which was monitored by TLC (3:2

Y
spraying with a 10% soln of concd sulfuric acid in
methanol followed by heating. All NMR experiments
were run on a Bruker WM-250 instrument operating
at 250 MHz for 'H, and at 62.9 MHz for °C, using

. gave the product (9.7 g,
s4%> [al® —6.1°(c 107, CHCl,), which proved to
be identical with the authentic 12-acetoxy- protopan-
axadiol (4) by comparisons of IR- and 'H NMR
spectra, and by TLC [4].

TLC fingerprint for IH-901RM

of 1 ol (0,502
g1 mmol) with a-acetobromosophorose (1.75 g,
2.50 mmol), in the presence of freshly prepared silver
oxide (0.626 g, 2.70 mmol), was carried out as
described above to give a mixture of two octaacetates
6 and 7 (0.554 g, 49.5%). After deacetylation in the
usual way, the residue (0.374 g) was chromato-
graphed as already described above to yield pure 8
(239 mg, 30.5%) and 9 (100 mg, 12.8%).

Acetylation of sophorosides 8 and 9.—Com-
pounds 8 and 9 (100 mg) were acetylated with Ac,0
(1 mL) in pyridine (2 mL) at room temperature for 15

We are greatly indebted to Dr. Lyubov N. Atop-
Kina, of the Pacific Institute of Bioorganic Chemistry,
for the interesting discussion.
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4. ACCURACY

Accuracy should be established across the specified range of the analytical procedure.

41 Assay
d 0.l Active Substance
Several methods of determining accuracy are available:

a)  application of an analytical precedure to an analyte of kuown purity (e, reference

material):

by comparison of fhe results of the proposed anslytical procedure with these of a second
well-characterised procedure, The sccuracy of which is stated andior defined
{independent procedure, see 12.2)

be inferred onee precision, lissarity have been

402 Medicinal Product

Several methods for deter

ng sccuragy are available:
a3 application of the analytical precedur
10 which known guantitics of the subetan

10 synthetie mixtures of the prodost esmponents

1o he analysed have been 3dded:
) in cases where it is impossible to obain samples of all product componcnts , it may b
aceeptable cither 1o add known quan
ihe results obtained from

ics of the analyte to the product or o com pare

second, well eharacterised procedure, the aceurs
which is stated and/or dofined (independent procedure, see 1.2.2

) accuracy may

re

e lnferred once precision, lincarity and specificity have been

dstablishe

4.2 Impurities (Quantitution)

Accurncy should ba assessed on samples (substance/ product) spiked with known ameonts of
itles

I,

of #e corsespunding Guidelles. “Impuraws s New
I
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54 Recommended Data

The standard deviation, relative standard deviation (osfficient of variation) and
confidence interval should be reported for cach 1ype of precision imvestigated

6. DETECTION LIMIT

Several approsches for determini
the procedure is & non-|

g the detection limit are passible. deponding on whether
strumental or instromental. Approaches ether than those listed

belsw

¥ be saceptable.

6.0 Based on Visual Evaluation

Wisual evaluation may be used for son-insirumenial methods buf may ale be used with
lustrumental metheds

Thee detection Timit is determined by the analysis of samples with known conceirations of

analyte and by establishing ihe minimum le
detected

at which the analyte eam be reliably

6.2 Bascd on Signaldo-Nojse

This appreach can only be applisd 1o analytical procedures which exhibit basel

e nols

Determination of the

goalde-nolse ratio is performed by comparing messured signale
rom samples with Known low concentrations of analyle with thase of blank samples and
establishing the minimum concentration at which the analyle en be reliably detested A

nal-to-noise ratio berween 3or 2:lis generally considered nccepiable for estimating the
detection lim it

6.3 Based on the Standard Deviation of t

& Response and the Slope
The detection limit (DL} may. be expressed a5
330

s

DL

where @ = ihestandard daviation of the response
S = theslope of the clibration curve

The slope § may be estimated from the calibrat

eurve of the analyte. The est

may be careied out in a variety of ways, for example;

6.3.0 Based on the Standard Deviation af the Blank

Measurement of the magnitude of analytical background response is pesformed by
anslysing an appropriate number of blank samples and esleulating the standard doviation
of these responses.
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In cszés whare Tt Is impossible 10obtain samplés of cortain impurities andior degradation
products, it is o brained by an [ndependent procadure
{see 1 22). The response factor of the drug substance can be used

psidered acceprable to compare results

11 should be clear hew the lndividual or telal impurities are to be determined o
welghtie

in all cases with respeet 1o the major analyte:

or ares perce

4.3 Recommended Data

Accuraey should be assessed using a minimum of ¢ determinations ovér a minmum of 3

eoncentration levels covering the specified rang
the total analytical precedura)

¢ {e.y- 3 conconteationz/ 3 replicatss each of

wa added amount o

Accuracy should be reported as pereent recovery by the assay of k.
analyte in the sample or as the diffecence between the mean and the accepied true value
togethes with the confideace interval

5. PRECISION

Validation of tests for assay and for guantitative determination of impuritics includes an
investigation of procisien.

51 Repeatability

Repeatability should be assessed using

8) o minimum of 9 determ Inations covering the specified range for the procedure fe.g

3 concentrations3 replisates each)
ar

By 3 minimum of 6 determ inations a1 L00% of the 1e51 concentration.

52 In mediate Precision

The evtent which inte

ediste preciiion should be establiched deponds on the
ircumstances under which the procedure s Intended to be wsed. The applicant should
establish theefTeets of random events on the precision of the analytical procedure. Typical
variations to be studied include days, analysts, equipment, ete |1 is.not considered
1o study these effects Individually. The use of an experimental design (uatris) Is
encouraged.

ceessary

5.3 Reproducibility

Reproducibility s assessed by means of an inter-laboratery trial. Reproducibility sheuld be
eonsidered in case of the standardisation of an

procedure. for imstance. for
inclusion of procedures in pharmacopoeias. Th
authorisation dossier.

s data is netl part of the marketing
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6.3.2 Based on the Calibration Curve

A spaei ng an analyte in the
range of DL. The residual standard deviation of a regression line or the standard deviation
of y-intarcepts of regression lines may be used as the standard deviation

fie calibration curve should be studied using samples conta

6.4 Recommended Data

The detection limit aad the methed used for detormining the derection limit should be
presonted. If DL is determ ingd based on visual evaluation or based on sigmal 1onoise ratio,

the presentation of the relevant chromatozrams |s eonsidered acceptable for justifica

In cases where an estimated value Gr the detection limit is obiained by calewlstion or
extrapolation, This estimare may subsequently be validated by the independent analysls of 4

suitable nim

ar of samples knawn 10 ba near or prepaved a1 the detection

7. QUANTITATION T

far de

Several approache
whether the procedure

mining the qusnticatlen limit are pessible, depending on

1al. Approaches other than these

ental or instrum

5 a son-instru

listed below may bo acceprable.

7.1 Bused on Visunl Evaluatio

Visual evaluation may be used for non-instrumental methods but may also be used with
instrumental mebods

The quantitation limit Is gencrally determined by the analysls of samples with kaown
tions of

nalyte and by establishing the minimum |
d with acceprable accuracy and precision

vel at which the analyte can

be quantl

7.2 Based on Signal-to-Noise Approach

This approach ean only be applicd 1o analytical procedures that exhibit baseline noise
Determination of ihe signaltoniolse ratio s performed by comparing measured signals
from samples with known low concntrations of analyte with these of blank samples and by
establishing 1 nimum concemiration a1 which the analyte can be reliably quantified. A
typleal signal-te-nolse ratis s 1011

7.3 Based o

the Standard Deviation of the Response and the Slope
The quantitation limit (QL) may be expressed as:

QL

0a

Where @ = the standard deviatlon of the response
S = the slope of the calibration curve

The slope § may be estimated from the calibration curve of the analyte. The estimate of o

nay be earricd out In s variety of ways ineluding
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%40 Based on Standard Deviation of the Blank

of the magnitude of ana

by

ropriate number of blank samples an culating the standard deviation

ples, containing an analyte in the
# line or the standard deyiation
dard deviath

e development phase snd

oF proce dur { show the reliability of an analysis

1 1o deliberate variations in method paran

nis are suseeptible to variations analytical conditions, the analytical

uld be suitably controlled or & precautionary should be ineluded in

the procedure. One

3f the evaluation of rebusiness sheuld be that a series of

ility p. shlished 1o ensure that the validity

procedure i

ieal varistions are

solutions,

e of liquid ehromarography, sxamples of 1ypical variations are

= of variations of pH in a

€ pha

columns (different lots andior suppliers),

In 1h

aphy; examples of typical variations are
dif wt lots anddor suppliersy
emperature,

flow rate
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30. HPLC fingerprint 1 for IH-901RM

DADTA, Sig=203,é Ref=off (IH901\IH901007.D)
mAU |

250

200 -

150

100

50

74:091—1H-901

70

min




31. HPLC fingerprint of test material solvent for TH-901RM

DAD1 A, Sig=203,8 Ref=off (KIW06181AA000001.D)

Norm. |
200 |
150 - ‘
|
100 ‘
50 I
|
0- |
B 5 3,0 P % % b
32. Standard curve for IH-901RM in HPLC method 1
Calibration Curves
"’Krea, | IH-901 at exp. RT: 71.559
| ] + | DAD1 A, Sig=203,8 Ref=off
] ] ‘ Correlation: (. 989951
| 9000 ' Residual Std. Dev.: 77.35139
; ] | Formula: y =mx + b
| 4000 - ‘ m: 5874.71577
' ] 2 ‘ b 63.08576
3000 + ‘ x: BAmount [ng/ull
1 y: Area
2000 | 3
: -
1 4
1000 15+
| 5 |
0 . T T T T T T T T I _4
0 0.5 1

Amount[ng/ul]




33. Chromatogram of HPLC 100% method 2 for TH-901RM

DAD1 A, Sig=203,8 Ref=off (IH901-1\HZ01006.D)
mAU

400

200

-200 -

-400

600 -

50

60

-70.608 - IH-901

34. HPLC fingerprint 2 of test material solvent for TH-901RM

"DADT A, Sig=2038 Ref=off (SKRG3R10AA000001 D)
Norm. |

50

60

70

min




35. Standard curve for IH-901RM in HPLC 100% method 2

Area | TH-901 at exp. RT: 70.693
'.: + | DAD1 A, S$19=203,8 Ref=off
. 1 | correlation: 0.99945
5000—% | Residual Std. Dev.: 83.00845
1 | Formula: vy = mx + b
4000 - m:  5933.58977
| 2 - b: 64.22835
3000 - + ! x: Amount [ng/ul]
1 ! yv: Area
2000 | 3
4
1000 | 5+
1
0 I U . S AL 1 T T7\77—h7‘
| 0 0.5 1 |
L Amount[ng/ul] ]
36. Chromatogram of HPLC 100% method 3 for TH-901RM
iliie
#0.00]
5000 B
400
2 ]
£ a0
2000
10,00
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37. HPLC fingerprint 3 of test material solvent for TH-901RM

Y IZIIZI-f
1 EIEI-E
1 ﬁﬂ—i
i ¢|:I_:

1 'Eﬂ_i
| 1 IZIEI-E
| EI-ZI-E

050

040
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38. Standard curve for IH-901RM in HPLC 100% method 3

7000000
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