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Advances in studies on improvement of water solubility of ginsenoside
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Abstract: Water solubility is an essential physical chemistry property of ginsenoside, and is also a very important issue in drug
discovery. Good water solubility of ginsenoside drugs often contributes to a pleasant drug potency and nice pharmacokinetic profiles,
so the research on improving water solubility has attracted people’s attention. This article mainly summarizes the research advances of
the improvement of water solubility of ginsenoside in 10 years, including salt formation, polar group introduction, saturation reduction,
amino acid esterification, glycosylation, dibasic acid esterification, microsphere formation, and self microemulsion drug delivery
system formation, which could be able to provide information for research and development of ginsenoside.
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Fig.1 Stem nucleus of dammarane-type ginsenosides

ANZ B RUE Y b 1SS0 1 28 BA 2R I
P, ATRLS SRR 455, AN LR R AT SR IR
P SCEAT S K MR S K LA T 4i B 5 4
BIEBEREAL LS AN AT B-OH [RIAHHEE . RN
R HOGUR PR B A A2 B, AR B B-OH
PR Sk 51 2R B A 10 26 K P 3 P e A A P i
AN N R AR B AR AR AR, AN A 40 B 1) D i
A, PR RN . XSRS N T Ik
BERACE AL AN N KA 250, IR L8 s b = 2%
FNEHERA S WA ERSRRK TR 5w,
I, K TER NS B EE A R E A5

KZ NS BAT KA 70 R A R4
PO, A et TR A, ARy
Lo FC BRI S A M6 ) 10 28 M e R AT )2 1
2y B PEAE SR TR 1E, ERR SR S K
WiEEE, VR ERZE, BRI T AR L
R R, F R A B AR S K I T
TR WIwT ST, RIE I R AT ) BRI AL “2 B4 s
P wER S SIARPEREELL BRARAANE . sk
PN BEREAL S TR ER IR . KR TESR 54
AR AN 1 RS LR 24 R G AR v K
X1 BT 25 W) I A A B A 2 AR R ORI i 1)
VIR 55 o
1 E7AZE

R NS BT T AR R . 5IA
PRVEIEI] ., BRARARIRIE . ZILIRIE(G . B
T ICIRIRLAE .
1.1 A

SR T S 2 B S T, B TR
FEIRZ o FIRES > 25900 TR, T
A B ER R A1, AT IS W T KA
BE, Mk eI Hix. W Eif, ASHE
FFA BB AAS M 2 11 2% 2 Wik 2 e SOsHHX
IREEFER IO W, S rp A BT ER e 21, H A

ANZEBAF (GO BT D o HORR IS 5
ST R BRI TR B R . &I A
2 VR HEAT B R A AB 000 R FH 1) ¥ S St - ik
¢ Wolfrom 72, M b /7yl h#5 8] 2 S NS 24
Rh, WAL AT AW, 53072 C-20 A7-OH HHUAR
R C-3 A7 B (1)-OH IR I =4, A SLhuss
PURTEIEPE R e M 8 TR m . sl o ge
BN 2 2 00 R G 1 )5 7T 4 iy L BT I 0
WiEtE. LA PR TR A2 2 1F Rhy 7
w T KEPE, TR T PR . 2l
R NS B RN A B T 20(R)- NS 1
S3B-BEHIFRE 20(R)- NS —[§-3B,60- - BEHI R B4 Al
B ANS N3, 12B-—HIR A, HroH A lE-3B,
12B- Z BRHIRRAN AP MR A A . R 3 2y
WK B A oy R Az N, wT
CIAE Ky 25800 e JE (R B TH KV M 1) 7 V2 Rl
1.2 SIARMEEHA

FINARAEFE A 0T AR I A 0S5k ER, 2
— AT R . IR B A T U2 B N
O JAT I EHIESFRIEE A, W, B, A4,
FRTA5 T B8 T4 B k™ g An Emst — b
B KGNS ZRE e NS = B AT K e 2 A
ARSI, 3T B RIS R S
Y, JHHT T NS B S =B [RAE mkm
RATHED LR E o
1.3 R FE

W50 R I I Js S D g i h 5 B AR, ]
PLs ME A b AR 237 TRE R O, AATTIs 21 e
AWK LI H K BORROSR A A
AT, R3] T NS 21 Rhy F Rgs BB 5™
o RAM DG PUTES 25 BB AT T A S
2k, BRI TARASEI Rhy. JBAS ZEFE. A
Z 21 Rgsw AS BT Rb. AZ 21 Re 76 N K1
WAV E DR, T PIiAT T R4
ALK AR, A3 2] T IR KRS E, AliE
T RE B IA I BN S B R AT
1.4 FEBRESL

T2 55 R B AT RAF /K AR e o, 3L
SAIEIR T 2B BLAT ARG K v, RRlE S AT IE
R R K AR, DR ) 11 2 R R T A 5 A B T
A E M. Wang Z5EPE 20(R)-1A 3D E-3P,
12P,20,25-PY 8 (25-OH-PPD) [ LAt F 4950 HL g,
ff HE R KT, NMETEAM R NS



*324 wsiseat i, Drug Evaluation Research %5394 23 201654 A

(PPD) HIF IR 5%, Skt AL BERERE AT (R K/
HiEtEROCR, b T @SRRI A
03 AR R RS dr, A B IEIRAT AR
PR AN R T S RIE R I R R AT AL
TR SR TR RS R RS RAT A1, KRBT
EIRIERIRT A T S 5, e C-3 HURGE R
S, C-12 AZEURIRHEIRSS, WL 2. e KPR A
MTT JEVEf T &A1 P st stk . 5
25-OCH;-PPD #ItL, ZIEIR B S DA L)

o
0 Q@é
0 o HO
OTN\A 25-OH-PPD, DCC, DMAP ©
OH
0 R CH,Cl, reflux, 6-24h 2,
Jo’
P,
I’Of

1a-8b

PUMIREYE, AN 73 1 BT B () 28 B PR DL AGRUT
APRIERSERATAAL, WL S AT AE R T
A g WS AR L (R 4R E o LG Tk R DA
25-OCH;-PPD N JiRl, — IR ILmr Wi, 4-—H
FUIEIMERE AR, RS T 5B T SRR 1
LR YA B A [F) A7 B AR )BT A B ik R
M2 SERAT D . BT S BRIE R I AL AT AW
70 IR DL I AR, 120 Cndialia 8
h, 133 C-3 MR ZIERAT A, W 3.

toluol, silica gel
_ 0

reflux, 6h HN
0

R

E 2 2,5-OH-PPD R EBITHE LS AL
Fig. 2 Synthesis of esters of 25-OH-PPD with amino acids

R CHyCl, reflux, 6-24h KN
].'ol‘o
e,

H
N
(6]

"
& 0
Q
#/ mo g ) b
0__N 25-OCH;-PPD, DCC, DMAP <
Y Con
0

HO OCH;

toluol, silica gel

reflux, 6h

B 3 25-OCH3-PPD SEMATHEL S ML
Fig. 3 Synthesis of esters of 25-OCH;-PPD with amino acids



wsiseat i, Drug Evaluation Research %5394 23 201654 A *325-

1) 4k e 2 A I WK S I K A S R B T
PLEWR R b, ATTREAT T 2L IR IR b 45 4 15
Wi, 1927 —RIVFMRERIATEY), e Tk
HVIRKEEE o X LT AP T LUE N S S ED)
HENARPY, ARG AR R Z IR 5 RAE 23K
1.5 #EEL

BRI B R Wt o] F T e, ok
FKENE. NS Ry (2 MR, Rhy (1 B
5 R Ck (1AL HATIRLF M AN [F) 2 A g
SN AE T, EATTRT 5 AT 25 P R A
1113 235 38 R AL ST 25097 R 28, g e )
ZERT 3 BB, IR LR S A TR
BHZA, IR TR BB A P ) A
FRE e AKEPE. DU 2 AR5 T (AR R R &5
HRFPE, TYANE RE AR B 22 IR AN AT FE A
farE. PRI Au (D AL, FARHeIE
R RAEAE A AR AT T I3 B NS 21T Rby Bl
T gt B . Tt Bk FE R 6 IR 2R 11 3 457 F
12 57, SRJGIEHE 20 A7 1 ASBEER R, PR 2
Brfe 12 PLERY RS, SRIE FRIE AL 20 A7 B 55 14
AR PR AR VAV /AR S I 1P| A R R VA
PRSP, S AR, R AS R
Rby . BEIEALGE KA T 5000 T 20 ik A 1R 4
(14 SEL B RO S i
1.6 I tBEREs1k

T G IR FR AL Y BT 25 2 1R WL AR M
B IR m AR TR TR — . e 4% 5 18,
BOAEARNKAR, T8I k5 AR )5 n]
VE AR T 2551, Wang 28354 25-OH-PPD [f)
R, FEBEAT T 0 IR 75 BERE IO 45 M B A, 5Kt 252
X PPD F Ry M HEAT T 0 IR R 75 B KL ) 45 K 1 1 »
A e BIR T Xt PPD BT S5 BTG 2
T ZIGRR IR B o IX Tl MR s TR O 5 I R et
USRS B R A W S5 B R RO R
HAFE RS, o 20 k& 20 Semtl),

2 WAk
2.1 HIACREK

20(S)- R N2 R HAT BRI BB E R, B
FEPYK 2005)- 5N S Wb 25 IR 2 A K
HEWAKRLT, FELAZSPIRE S WAKRL 53 )
il RILIR-FRIE LIRIL Y (PLGA) Bk, X
PR IEAT AR SR TBOCEAY s XA IR TR (1) 24
PIERIEAT T KRR VIS 230 2o 458, 2

WIPERTELE 25 )5 55 15 d NI TP A I AN 321 2454,
20(8)-JR NS Rk 2 2 PLGA TlBkee KA i
IR A, I (1) H0.17
d IEKE] 2.97 d, KWER ] (Tpay) B 14.4 min 350
£ 0.7d, “FHIERRE (MRT) 9% 4.55d, &
LT O SRR AL
22 HBBERIABLRS

20(S)-PPD  HIIRAEIMIH AR, 7E—EREfE b
BRI T AR I AT R e 4 . UKD ok LAt
FARKVETENE Ky 20(S)-PPD AR 2454, iz IR
RAFNFHARTF B, LLATEILRE 2 RGN A,
7 TR AR M AR . W R CE AW R
Iz 20(S)-PPD H AL o X HIFIAN AT s
BITARCR, T B AR I N, A R R
JSCHT B THIAR B TR 25
23 FIRAAKBRER

2 TSR R I8 vk, LA AE R
SEFH & RN S AR B, KK R
1) 7 E G0 VA SN 2 I 0 KR s A 1K B A
IR . 255, NS ZREGK IR BRI 7R
M BESA R, HIOE R E (Ka) 58E R
£ (PefdD ¥WATIRAZS ZRERZ), HREAS
W 290 DK VR S 711) R 08 B2 v 25 90 () K P 5 A A i T
W, B PRI REh 8l s s i HL .
3 HiE

AR I TR AR T 25 ok 22, Horp
RIRW (NS 215 A B W) IR 7K P )
RiE . KEHRNS B R A ELEN 287 5%
W R R —, KPR s RE e ok NS 212k
VI R, AT E LA AAR Y IR, 42 v i
IRVETT A, I NS B AT R A VKT 7
TR SZ 2] [ N AR DT o

T sk A 2 A8 R A 3 7 1 SO U M 11 B RL
g, HArtr Rl R EE PR, 7K
PEILH]. BRARAHORI S . LR ERIL . Bt e, —
JCIRIEA, VLRI DA S B LR 2 R 55T
Mo A2 78 6 29 G ) () 53 A5 R AT 25
ISR, I RGN . BE E R R
G H Al [ 4 1 e VIR B T Ol 2 ) 45 AL 6 UK
ISR T, AT S K PR H W, B Sk R
E TS =T O W W7 P RS BURil| 5 X 6 S S R T
FLRYGE, (EASLAMNED I T8N,
P& AR ) RIS 2 AT IR 2 1R Re i, B9 T 24



* 326

wsiseat i, Drug Evaluation Research %5394 23 201654 A

WINPT . NS BRI KE T 5 R
MISERIZE . R H . B H . iR A
Hom HYE L R B B 4 5 A B AR D R A
Ko o IRR AR IX LTS, MR R AS S
TR SRR B S DI R, e tes
Py r) IR G P IR SR AEAT I E I S %
AR BEHE 2522 AU OB EOR . BRI AN T
KILE R, NS RAFSAERE L2 Y P05 g 5 ) 7
BRIk, BB IIR AR 2 4 A 0L
PURAER, 48] KB R AR o

Sk

(11 2% 8, £ L A 3, % GShamamiies
W (=) —— il AL E B SR K PE (1], 2557 R,
2014, 49(9): 1238-1247.

[2] Guo Z. Strategy of molecular design of drugs: the
unification of macro-properties and micro-structures of a
molecule [J]. Acta Pharmaceutica Sinica, 2008, 43: 227-233.

[3] LiuH, WangJ, Lin D, ef al. Lead compound optimization
strategy (2)—structure optimization strategy for reducing
toxicity risks in drug design [J]. Acta Pharmaceutica
Sinica, 2014, 49: 1-15.

[4] Wang J, Liu H. Lead compound optimization strategy (1)
— changing metabolic

pathways and optimizing

metabolism stability [J]. Acta Pharmaceutica Sinica,
2013, 48: 1521-1531.

[51 XUHER, HEEGR, BARIK, 5. BT HUMIRIE TR KL
LM AZBFOOS B [7]. gy, 2013, 44(9):
1203-1210.

[6] Attele AS, Wul A, Yuan C S. Ginseng pharmacology:
multiple constituents and multiple actions [J]. Biochem
Pharmacol, 1999, 58(11): 1685-1693.

[7] Gillis C N. Panax ginseng pharmacology: a nitric oxide
link? [J] Biochem Pharmacol, 1997, 54(1): 1-8.

[8] REFLL, ZEla, sKiEZRE, . RN A S
TR RN [T]. REFEHEST, 2005, 18(4): 18-20.

[9] AR, HRM, BRK. ASHATUNE L %
RIWEE (7], TP EBLACH Y, 2006, 8(6): 31-34.

[10] Wang W, Zhao Y Q. Ray B, et al. In vitro anti-cancer
activity and structure—activity relation ships of natural
products isolated from fruits of Panax ginseng [J].
Cancer Chemother Pharmacol, 2007, 59(5): 589-601.

[11] & fB, VA, £ &, % ASRI-Rh2 Wik
RIS e B o /s B s a4 L T e 1V 5 0 [T].
o BE 2EAR, 2011, 31(3): 394-398.

[12] Huxt, £ &, (A%, 55 208)- A2 21 Rh2 ik

[16]

[17]

(18]

[19]

(20]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

b 18 15 B S R TR BA 43 B8 ME 8 U5 E [P
101440114A(P), 2009-05-27.

Reed M J, Potter B V L. Steroid 3-O-sulphamate
derivatives as inhibitors of oesterone sulphatase [P]. US:
6949561B1, 2005-09-27.

+* B, BiEE. ASABTmBRE XS ]
PR AR, 2009(6): 23-24.

&, WEE, AN, S RRASBEE RS
2 S HOOT I A IR T A0 G5 s e )], B R R
274k, 2007(4): 4-7.

M, WEALRK, W OAK, S SR AS R ERSMT
WO TEAER] [J]. ThE24, 2011, 42(12): 2492-2496.
BHEHE. NS G R B S AR ST MR 1
WHFT [D]. KA HAORAE, 2012, 21-23.

KA. AL NS TR NS =R
BT [D]. B 2K, 2010, 43-55.

+ M. NS T RS =R ARG BT ST
[D]. RM: =K%, 2009, 18-31.

B P PO, MEASAL TR NS BT R K
fif JrEFISESE [D] 0 $I0K%%, 2005, 25-26.
R, TGS 22 B AT AL AL S S L= AT
JU [D]. #M: IR, 2007,19-35.

Wang P, Bi X L, Guo Y M, et al. Synthesis and

anti-tumor

o

evaluation of novel 25-hydroxyproto-
panaxadiol analogs incorporating natural amino acids [J].
Steroids, 2013, 78(2): 203-209.

XIHE K. 25-OCH;-PPD & ZEMRAT AW A Pk S
BOCARWEFT [D]. CFH: PEBHZIR K, 2014, 10-38.
Xgkte, X4, 2P, & AS R Rh, MNEIER
TTAEDIMAE K [A] 2010 b [ 2525 K4 8 1+
Il 2401 Je 18 S04 [C. Bt 2010.

Hasegawa H, Sung J H, Matsumiya S, et al. Reversal of
daunomycin and vinblastine resistance in
multidrug-resistant P388 leukemia in vitro through
enhanced cytotoxicity by triterpenoids [J]. Planta Med,
1995, 61(5): 409-413.

Yue PY, Wong D Y, Wu P K, et al. The angiosuppressive
of 20(R)-ginsenoside Rg; [J]. Biochem
Pharmacol, 2006, 72(4): 437-445.

Wang C Z, Aung H H, Ni M, et al. Red American

ginseng:ginsenoside constituents and antiproliferative

effects

activities of heat-processed Panax quin-quefolius roots
[J]. Planta Med, 2007, 73(7): 669-674.

Yu Y, Zhou Q, Hang Y, et al. Antiestrogenic effect of
20S-protopanaxadiol and its synergy with tamoxifen on breast
cancer cells [J]. Cancer, 2007, 109(11): 2374-2382.

B, B, BRRIK, AF R AS R S OT
LIRS [7]. BURZIISIRIR, 2014, 29(5): 574-582.



wsiseat i, Drug Evaluation Research %5394 23 201654 A

* 327

(30]

[31]

[32]

BRI, NSRBIING s
2013: 19-55.

Wang W, Rayburn E R, Zhao Y Q, et al. Novel
25-OH-PPD and 25-OCH;3-PPD as

experimental therapy for pancreatic cancer: Anticancer

I [D]. FIH: N KA,

ginsenosides

activity and mechanisms of action [J]. Cancer Lett, 2009,
278(2): 241-248.

ik B RN, TR, S 20(S)-JRA S RN IR
ﬁm%fﬁ%ﬁ&&ﬁ%ﬂ]i%ﬁ”%ﬁ S
hiZ, 2009, 35(2): 195-200.

[33] AF#E, AT F, T4, 20(5)-J8 A S R - i
R AR R T BB AT 4 0 i A K R T A R A
B [J]. RIS 2535, 2008, 24(1): 42-43.

[34] BREE. 20(S)- )8 NS ZREmEk M $l & &P [D]. b
i BB 2R, 2013, 24-58.

[35] T ¥K. 20(5)-JR A2 WL AL 2 R SR 00 ol 4% R4
WANMTAY [D]. i BB 25K, 2011, 2-56.

[36] =288, L, # W, 55 JRAS ZEEYPRIERT
(R BRAE AR Tl W O 9 [90. 29 M0V 9 9T, 2015,
38(2): 175-179.





