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Solubilization of IH-901, a Novel Intestinal Metabolite of
Ginseng Saponin, in Aqueous Solution
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ABSTRACT-The purpose of the present study was to formulate the aqueous solution of 20-O-B-D-glucopyranosyl-20(S)-
protopanaxadiol (IH-901), an intestinal bacterial metabolic derivative from Ginseng protopanaxadiol saponin. For this pur-
pose, the effects of various solubilization agents such as cosolvents [ethanol, propylene glycol (PG), polyethylene glycol 300
(PEG 300), polyethylene glycol 400 (PEG 400), glycerin], surfactants (Tween 80, Cremophor® RH40), Cremophor® EL,
Poloxamer 407, Poloxamer 188) and a complexation agent [hydroxypropyl-B-cyclodextrin (HPBCD)], on the solubility of
IH-901 in aqueous solution were evaluated. The solubility of IH-901 in water was under 1 pg/m/ at 20°C. Cosolvents such
as ethanol, PG, PEG 300, PEG 400 and glycerin did not enhance the solubility of IH-901 at the 0 — 40% concentration range.
The solubility of IH-901 was significantly elevated by the addition of cosolvents over the 80% concentration range. On the
other hand, tween 80, Cremophor® EL, Cremophor® RH40 and HPBCD showed enhanced effects on the solubility of IH-
901. The enhanced effects of Poloxamer 407 or Poloxamer 188 on the TH-901 solubility were less pronounced compared
with Cremophor® EL or Cremophor® RH40. As a results, Cremophor® aqueous solution was selected as an optimum solvent
system. The aqueous solutions containing 10% Cremophor® EL and 7% Cremophor® RH40 were formulated as dosing solu-
tions containing 5.0 mg/ml of IH-901 for its intravenous and oral administration, respectively. The formular showed physical

stability after stored for 7 days at 4°C.

Key words — 20-O-f-D-glucopyranosyl-20(S)-protopanaxadiol (IH-901), Solubility, Stability, Cosolvent, Surfactant
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2 A¥ole o 22 Aok ARSIt TH-901(20-
O—B—D-glucopyranosyl—20(s)-prot0panaxadiol) 2 Ginsenoside-
Rby(GNS-Rbyy= F23jAF dsh(72]A], El=helA 7
3om, S EUEY(ACN), W2 (MeOH) 2 F &
(BuOH)2 Fisher Scientific Co.(Pittsburgh, U.S.A)IA
Attt old, ZEM ¥ 2 sodium hydroxide2 Tedia
Co.(Fairfield, Japan)ell4], &322 Upjohn Co.(Kalamazoo,
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U.S.A)°lA, sodium chloride ¥ phosporic acide= Shinyo
Pure Chemical Co.(Osaka, Japan)®l|A], potassium dihydro-
genphosphate 2 Z 2 I 22| F(PG) Junsei Chemical
Co.(Tokyo, Japan)°ll4], SNE-E-(EtOH)y> Hayman Co.(Essex,
US.AYIA, o 2A2E)F 300(PEG 300), Z2odd=
ZE 400(PEG 400), EX1 802 Hayashi Pure Chemical Co.
(Osaka, Japan)ollA4], Cremophor® EL, RH40 ¥ EFSA}H
188, 407& BASF(Ludwig-sharfen., Germany)°ll41, hydroxy-
propyl-B-cyclodextrin(HPBCD)-2 Amaizo Co.(Hammound,
US.APIA T0810] AFg3kh 7TEk Aleke 25 HPLC
7 Ee 552 AR

717124 HPLC(Model PU-980 HX, UV-975 UV/VIS
ZAZ7], LC-Net I control borwin 7157, AS-950-10 A5
F971y= Jasco CoTokyo, Japan)2] 717]1& AM8-314T}. pH
T8} (Model 520A)= Orion Research Inc. (Beverly, US.A),
W5 Y4 B8 7|(Model CS-6KR)E Hitachi  Co.(Tokyo,
Japan), EMH-E-14152]7](Model Microfuge Eye= Beckman
Industries(Fullerton CA, Germany), % 3Z(Model MDF-
US0V)E Sanyo Co.(Osaka, Japan), % ®7](Model Muti-
Pulse)= Glas-Col Co.(Terre Haute, U.S.A.), Z237](Model
JAC Ultrasonic 2010)= Jinwoo Co.(ZHdA], igtdl=h), &
EAIVGel A (Model Ultra-Turrax T25 basic)= Ika Werke
GmbH & Co.(Staufen, Germany)2] 71718 A3t

IH-9012] HPLC EM=24

At ALEU)] thei s o] BAge] HarEo] 3o,
TH-9012] BAzAe Ao Buse] YA vt webd &
AolME H-9010] 4t A % protopanaxadiol type
o] Y-S TBistod, 58100 Wiy e Fw 2 gt
7ol HPLC B4z AEsN HHz1E 93t

S —200 — 600 nmoll A 100 pg/m! FEE FBE
2 ZAEF 254, 205 nmolA F5Fdl(Abs: 0.5-0.6)7F Y+
ey, webd UV 32 FSeR]l 205 nmE 2
Elpv1=

O/=4t 8of-<14F AFEY 5 protopanaxadiol type®] 7
ol 23-70%2] ACNS A3 A& HA=E sl &, o}
AEVEZS] ¥ &g 2PN HESLY, o7 HeEES
718l Hle-S 23 HESIY, ACN:H,0=70:309]
gL oj5Ako 2 ARSI

Zlg/- gl Qe AE IE3, 94 C8, C-18&
ArgEte] AES & BAzA0] 948 Inersil ODS-2 Cig 2
H@4.6mmx250mm, 5um, Model UGI120A, GL Sceinces
Inc., Tokyo, JapanyS ARE-3}TE.
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LYREFZEE(IS)- N FEFEEL TH-9013 727 A
& 7% ginsenosidese} TH-A|G3HES ARE3lo] I ES
F, E=7F 9538 GNS-Rby A3

pH H310f| 2 TH-9012| B35 &5}

pH ®3lo] w2 =g = TH-9019] &3 242 98}
o, TH-901°] & W849 AL 3#sle] PEG 400&
20% T3k 05M QA 959 Fo] pHE WHIATIH
H-9019] &35 =333t} pHE 3~11 W2 WH3A
719 H-901°] &3l% WelE dFsilon, 74zt 3mpel
H-901 2] RS YWy 25+ 1°CE L5588 dAH &
AAZ F, orbital shaker® AME-3}] 45 pmO & ZEEF
o 24A7F ¥ TH901 S WEHJFE (045 um)E
ARgste] ofgh & 1 ofllZe] [H-9019] $S H&dh
HPLC o2 At} 2 AL 33 AAjsle] B
& 2 EFEASDIE P
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IH-9012| =0l O|X|= BH==HM A

W8 oFEd] Bl tigh S8l S $lsl AMeEE
BIRZAZE HEEn, ANEEA, THIZFE A 5
o] t}. B HA¥oM= H-9018] Bl 3t Laf=s =7}
Al7171 93k, BRz8u2= EtOH, PG, PEG 300, PEG
400, YA B L AHgER o, ARIYAEAE EQ 80,
Cremophor®(EL, RH40), ZEAMH (188, 407y ARS8l
W, =7 THIE FAAE= HPBCDE ARS8t A
|3 B REAES] T AMEFE Table 1o VYERASITE
R8s TR 20-100% B 2 AFgHS W3l
AlA H-9019] gaie] S7t A A, AN
Al % E$ 80, Cremophor®(EL, RH40)S 1-20% <ol

Table I-Additives and Their Contents Used to Solubilize IH-
901 in Water (25 + 1°C)

A, Z2Ah(188, 407)¢F HPBCDY 1-10% WA A}
83k TH-9019] g3lTel mlAe= FFS ATt 83
HEA7F e AFolre] H9019] $3me Gonx
Aot B8 EF8I FAs EEE Az, o] EF
28 3mell [H-901 o] BEg ¥ §F, pH ¥islo] o}
& Bl SEH sdT WHoR H9019] 83l=s =74
3Gtk 53], 2 E SN AAR AREE vl ESA)
Hel B8 E§e & 4°ColA] 197 W8k Schmolka®]
“cold method™ & A}-g8le] -GS A x3le] 283}
Ak zF AP 33Y AAsle] HAAE FEGTH

TH-901 & FAll gl A5 Fo{olio| x{dt MA

3= Ao AFHE olgsle] H9019] ek &3
& ke 8riE AT o] W §el2 1H9019] SR
S e} 7 FE ARl B F AFFA7) eskES
AREET) FE 2Ne [H9017 S HEAE 371l
TH-9010] 23] =& wj7px] H'bste] A za}ict.
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IH-9012| HPLC E£M=7{ &2
Auk AbEe] tisl|x= o8] BARe] Harwo] glont
AR oF

1H-901¢] ¥A4x712 79| HilHo] TR B

Additives Conten(t; of/addjtives Compounds R, R, R;
% wiw) Protopanaxadiol-type
EtOH Ginsenoside Rb, OGIc™'Gle H  O-Gle*-'Gle
PG Rb, 0-Glc®-'Gle H O-Glc®-!Arap
(N 6 1
Cosolvents PEG 300 20, 40, 60, 80, 100 Rb; O-Gle-Gle  H  O-Gle- Xyl
Re 0-Glc®-'Gle  H O-Glc®-' Araf
PEG 400 Rd O-Gl™'Gle  H  O-Gle
Glycerin F, O-Glc H O-Glc
Tween 80 Metabolite I IH-901)  OH H 0-Glc
6
Cremophor® EL 1,2,5, 10,20 u OH g 8-306'12”‘?
Surfactants Cremophor® RH40 ig 83 H Oi—I €Al
Poloxamer 188
Poloxamer 407 1,2,5,10 Figure 1-Chemical structures of ginsenosi.des and their metabolites
- Glc: B-D-glucopyranosyl, Arap: o-L-arabinopyranosyl, Araf: o-L-
Complexation agent HPBCD 1,2,5,10

arabinofuranosyl, Xyl: o-D-xylosyl.
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Figure 2-Typical HPLC chromatogram of IH-901 and internal
standard (IS). Upper panel represents the blank with IS (final con-
centration: 80 (tg/ml). Lower panel represents the sample (100 ug/
ml) with IS (final concentration: 80 pg/ml). Each solution (80 ul)
was injected into HPLC.

AP 7183t A1E 9T BAEE dgsiith 43
Wl mel HPLCE B3t A& <
Figure 201 YERASITE H-9019] fAAZHE 278, W+
EEEF L ORUEAN 7} B9 Rt Fasisle

AEHAIE 0.1 pg/mie|ct. AL o =8 2H] =(0.0241 x
ES(ug/mh)+0.0021)°10tk. BT 0.1~120 ug/ml H oA
F5 3t AR (r>0999, p<0.0D)E Ve £ 0] %
HelolA 1H-901¢) Gu] 2 A7k A FEAE Bzt
(coefficient variance(c.v.), %)ye 25 10% ©l3= VERSiT]
wheba, o] Ao AL 1H-901¢] HPLC ¥AHS &

gk ek e B AgEAe] S-S & ¢ SiSiTh
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Figure 3-pH dependent solubility of TH-901 at 25+1°C. Each so-
lution contains 20% PEG 400. Each point represents the MeantS.D.
(n=3).

pH Hislofl = 1H-9012] S8l Hs}

H-9010] F&oo] J849& I3ste, PEG 400
20% 3R 05M 1Akl pH RISt whE o=
9] g3l =3 AAE Figure 391 YERARITE H-901¢] &30
T pH 3~119] EslolA 7<) ¥alEA] edeker, pH &
A 7H 2 g3l=E B, pH 5 I8t 10 oldolA ezt
A Ak Bk 23y, [H901 A Szt v+
L) wiol| Fojole] AAEAIE S TR galEe] &
7= BREA) 2orth o) H9010] FA ]y wiel
pHoll that J3ke <] x| ekgky] WEe s FgHrt,

1H-9019] Ss=0l O|xl= BXS0e HE

Zgolzo] [H9019] &3zl et B2y JFE
B7}ksl7] 9)5led EOH, PG, PEG 300, PEG 400 2 2%
AL 20~100% T3+ gHolA 1H901¢] L8 5
Asigon 1 A4S Figure 491 JERAEr. ARSSE Bz
g1 2 PG, PEG 300, PEG 400 89 Fo| Hrio]
Z7}slol wlEl opEe) fIA=E AFFHOE FHRRH. L
23 BOHE °FEe] fal=8 A33] S7HIFH o, glycerin
o galel Zvle] & 9] Ik olejet e &34
Bz AMSS gl el ga= W= oF
B B mzguzie] IS 2HEeR FAse EulAlS
(partition coefficenty® ©}&-3le] 2HE & v Lube
2 23 nzgue Ay Esie] el tig BuiAlr
7} & EFeus ARgeh B9 SEEE S F A
t}. PG, PEG 300, PEG 4009 EulA$&E= Z}2F 40x
102, 5.0% 1072, 53 x 1072024 o= 2 AgIX ¢ H-
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Figure 4-Effect of cosolvents on the solubility of IH-901 at
25+1°C. Each point represents the MeantS.D. (n=3).
Keys: (@) EtOH, (O) PG, (¥) PEG 300, (V) PEG 400, (l) Glyc-

erin :

9019 &3l= W} HEgule] BajA sl njgRoeRr
7¥ehe AES HAFL ok 59, njFAREe] S8as
Hzgujo] o) vlglele] Fishe 71 AvAs
oF dXek= Ae & UKk e, 100% w53 EtOH,
PG, PEG 300, PEG 400 ¥ Z2MH Follx<e] 1H-901¢]
fa== Z 13737, 19846, 109.18, 65.40, 2.85 mg/ml
2 PG H7M 7HY =2 83% 371 A 100%E Al
A3 YR g Me BOHIAA 71 B8 gale 7t
£ B3t et 28] g9o) 40% ollelMe EF
LOmg/ml olsisiet. Aol B F %] EOHS 60%
K294 PG, PEG 300, PEG 4002 80% ©)4ollx] §-2)4
UE W= 2718 B, FEHEe 2 o] gtk

IH-9012| &3 =0f| 0|Xl= HHEMR S| A5k

Fgel=o] [H-9019] fairol thek AHEAe] JaFS
Hrkslr] flete] heAd ofEe] vhgsle] BHoz ol &
|EIL A= Blo|A] AAE/GA] EY 80, Cremophor®
(EL, RH40), ZZAFH (188, 407)S Aelale] 1~-20% §H4-3}
= &AM H9012] 7He-sk v G Hrlsted
3 A3E Figure 59 YJERARITH 789 FolA ARS-SE A)
HEdA o] 71838 E3R= EY 80> Cremophor® RH40 >
Cremophor® EL > Z2APH 188 > E2Ab 4079 <20]UT}.
E9 802 HLB 159=98] 354 AAGAAR ol 45
T FAte] & Hd E-AE 10, 20% TS 58l
H-9012] &3+ 7zHzb 1078, 20.13 mg/miE Skl vig)
slod BalmE TV M, ARSSE AHEYIA F TH-901

30

Solubility (mg/ml)

0 5 10 15
Contents of surfactants (%)

Figure 5-Effect of surfactants on the solubility of IH-901 at
25+1°C. Each point represents the MeantS.D. (n=3).

Keys: (@) Tween 80, (O) Cremophor RH40, (W) Cremophor EL,
(V) Poloxamer 407, () Poloxamer 188

2 7P Wo| A=Ak e EY 802
? Aol Aol A|ofo] lth=s wde] )
t}? Cremophor® EL, RH402 Z}2} polyoxyl 35 castor
oil, polyoxyl 40 hydrogenated caster oil=A] &l &
gzt 159 ESAAB)] TEIAE ABA
Y B=2FEIAolth. Cremophor® EL, RH40S HLBZO)
14-16 A=Y A5A AASYARZ Eof 2 g3, k=
xfAde] AJsia X187 ool 7HEsHAR ulg- A3tsitt
Cremophor® ELZ 10, 20% &g $~&eA TH-9012] &
%= ZH2F 6.57, 11.81 mg/mi©] 1, Cremophor® RH402:
10, 20% 53 8ol TH901Y E3lee 247 8.82,
14.11 mg/miZ FHgel] vlEste] S8l=8 SV, E
A 80 EF-Eo) Hjsle] F AfolF Ho|x] Yt EEA

FE Cremophor®79h= WHZ BABY EZed=l
o} ZE5AM 188, 4072 10% $HTE -8-2ellA 1H-9019]
gl 7hzt 0.35, 1.25 mg/miEX] Ao zhe g3

FEe HATh 10% oldelrs &3] Espdo] "ol
Fee] F7iol weh E4A AstEE 9e) o
10% olde AMESHA]l edTh EF5A 188, 4072 77}
29, 2284 EZAIMFE Cremophor®F 9h2]
HLBAfolollA & 4= gl%o] HLB7} S71e= 344 0]
TblnE Bo U84 IH-9019] &3t JiiHos
s ek Azt

e

2 M
35}
<
S~

1H-9012] 230 DXl ZXSIEISsMNe] Ak
kol
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Figure 6-Effect of HPBCD on the solubility of TH-901 at 25+1°C.
Each point represents the MeantS.D. (n=3).

(complexation agent)®] J3S kel 5] HPBCDE
1~10% FHf-8ke &2olx H9019] §3l=8 SAA 0
B, 2 ZA#E Figure 6°] YR TH9019] &3)==
HPBCD®| 8 o] ol ulel vlgH oz Z718k
th. HPBCD 10% 73 &AM H9019] &3i==
10.35 mg/miZ E9 80°|v} Cremophor®7<] &g} &
ztolE HolA] kgt

TH-9012| HuFAled 5l ZRE=0jedo| &y MH
B Aol ALS Sl RRA F, ARSAA Y TH3)
F=FEA7E H9019] g8l F7tdl 3 2745 Ye
WAk ¥wE 9ske] H-9019) &3= Y Bt 4
T SHEZAE THT FEAdA H-9019] ZHzte] &3
EE Figure 791 YERATH 53], EY 80, Cremophor®
EL, Cremophor® RH40, HPBCDE 10% 353 -840
Al H9019] 43l=& ZH 10.78, 6.57, 8.82, 10.35mg/
miZ 3= AAT IS B, 7 & XfolE Ho)
A FUh olF BT H-9012] FARKY, A3 Fojol Ao
2% A7l SlREAR Az 22y EY 80 2
FARSE A 5498 dogite we] dtky A Q)
2,2 HPBCDx= ol 715kl met 474 Egse &
o] A& e AI=F A
mEbA], B AFolAE Cremophor® ELS A
S EzAR A8, A+ F49 ZAE Cremophor®
RH40S Ae&le] 10% olg AT &, H01
50 mg/miE Frdhe FAKY ARE A3te] 242 Cremophor®
EL 10% 22984 A& FAIORE Xulsislen, 73

EREE

J. Kor. Pharm. Sci., Vol. 34, No. 5(2004)

Hax
15
~ 1T L
E 10
g T
2
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s s
B
. ]

TW Cr-R Cr-E P-407 P-188 HPBCD

Figure 7-Comparison of the solubility of IH-901 in water containing
10% Tween 80 (TW), Cremophor RH40 (Cr-R), Cremophor EL (Cr-
E), Poloxamer 407 (P-407), Poloxamer 188 (P-188) or HPBCD so-
lution at 25+1°C. Each point represents the MeantS.D. (n=3).

T Fod AZE YA Cremophor® RH40 7%S T
3 SFHFE BT TR WSl IH-901= 7t 20

Agsle Alzste] A& 4 Atk ZF A 4°CellA
AFU7 BA &S o B o= sl en, HPLCE
A3 A3 ek o g QPgeh Aol ERIHNUT

& 2

IH-901 A HAE ot Bzgul, AN, 243
2 FAdA 71EF S EZAE ANt Zhzhe] SR
ZAl e [H-9012) SIS 243 2 A& olg3}
o] 489 1.0m/ $9| [H901 50 mgS 3k AALA)

g A Wu S S S
1. 789% B2ga) FHgo] 40% ol3lelr TH-9012] 83l
e 2% 1.0mgmle|oH, EOHS 60% °ld°lX, PG,
PEG 300, PEG 4002 80% oldlA f24d e &l=
57H8 B9, SN & 98 A &gt

2. 8 FolA ARERE AHEAHAY J1Est 8= E
¢ 80> Cremophor® RH40 > Cremophor® EL > Z&A}H
188 > ZEA 4079] o]t

3. HPBCD 10% i3t &l H-9019] &3f==
10.35 mg/m/Z EY 80°|1} Cremophor®Fe] &3hgals} &
zto)& HolA| gsirt.

4. TH-901 50 mgmiE FHdhs FAK AZRE 918k
Cremophor® EL 10% 5848 #H7 Fallog A ukslgle
o, A7 T AZE 9)4E Cremophor® RHA0 7%

$AE AT Fogog ATt
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