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[Abstract]  Objective: To study the BCS classification and absorption mechanism of ginsenoside Rb,, ginsenoside
Rg, and notoginsenoside R,. Methods: The StarDrop software was used to predict the solubility of three saponins and whether
their absorption was regulated by P-gp. The solubility of three saponins was further determined by experiments. The Caco-2 mon-
olayer membrane was used as a model for the bidirectional transport experiments. By studying the effect of time, concentration
and P-gp inhibitor on the transport of the model drugs, the BCS classification and preliminary absorption mechanism of the
model drugs were determined. Results: Ginsenoside Rb,, ginsenoside Rg, were highly soluble drugs, and notoginsenoside R,
was a low solubility drug. The solubility and P-gp results predicted by the StarDrop model were somewhat different from the ac-

tual result. The apparent permeability coefficients( P, ) of the three drugs were less than 14.96 x 10 "° ¢cm -s ™', indicating that

app
they were low permeability drugs. The transport of compounds in Caco-2 was in a time and concentration dependent manner,
P, (siap) s ( apsey were less than 1. 5. Verapamil could reduce the transport rate of ginsenoside Rg, and notoginsenoside R, ,
and has no effect on ginsenoside Rb,. Conclusion: Ginsenoside Rb, and ginsenoside Rg, are BCS 1II drugs, and notoginsen-
oside R, is a BCS IV drug. The three drugs are mainly passively transported, and the transport is not regulated by P-gp, and
Verapamil inhibited the transport of ginsenoside Rg, and notoginsenoside R, .
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monolayer model ; apparent permeability coefficients; StarDrop
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SCB-1220 B H & (st ARBEG RAXAS A IR A A 5
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2.1 1 BRI E X TR G Y, £E FDA T
A As T s 37 CF, pH 7E 1 ~7.5 JuHl
W, /AR LB (D S ratio) /NF 250 mL 924
Y REZEY, B D, <1, ASLIARYE AIAZY
Py WS A ) pH A B (AR N R I R E 2 i)
2015 AR PR B I T s e pH 1.2, pH 4.0,
pH 6.8, 7K (pHS. 8) PUFp EREE Ry 5 i /v o, 5 2454
137 C TRt MERBLE Y& T E08
BN A FRE Iy, 4Bl A K (pH 5.8) |
pH 6.8 ZZvhii. pH 4.0 ZZ oh . pH 1.2 Z% v i
2000 L, &F 37 CHIKZERE3 h, 30 000 r -min ' 55
025 min, HUEVEWS pL, 35 49HREG 0. 22 pum J§
JiE, i HPLC M 25 ¥pk e, @4 =k, &~ 0t5
VS FE S Dy

D,=(M,/V,)/Cs (1)

Hep v, 8250 mL, Cs FHEME (mg -mL™"),
Mo Jy N B K45 2471 i (mg) o
2.1.2 HPLC Kl a3 5504k Agilent 5 TC C, {6ji%
(4.6 mm x250 mm, 5 wm) A1 SEP C {3 (8. 0 mm
x100 mm); #EFEHEE 20 wl, 3 1.0 mL - min~',
FEMR 30 C, JishMH: A2 B 1 Rb, 2 & -k
(35:65), ANZRAf Rg, . LB R HHLIFE-K
(23:77) o KpiPA: #9209 203 nm, FRERTZ . HIN
KBRS . H ARG R . [ISCRIAF G EAoK o
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2.3.1 Caco-2 ML FE ¥ Caco2 4 E I8 )5 85
F£F 37 C. 5%CO,., 0% WEMREFF . TS
FREERT R MTE 10% . H 5 R-BEH ZE WP 1% |
B APRANAE LT B R 1% 1Y) MEM B3 330 B K4
W, K3t 4 ~6 d B4 % 80% ~90% , SR )G iE1T
fE40. B 4N e 20 ~50 A0 a]™
2.3.2 5 MO EE R SE S SEER SR ] MTT 250
ZiIHE Caco2 AU . #5 1 x 10° 4~ mL™" )
AP T 96 fLIEFRAR, &fL 100 pL, HiFek
NS FTCH PBS £ 100 pL, HTF 37 C. 5% CO,,
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10% B . B ARSI THE 8 525
Aggea) 1/ (A = Ages) X 100% (2)
2.3.3 PGB . B IR E 80% ~90%
B Caco-2 ZHI$E 2 x 10° 4~ mL ™" 5 F 12 L Tran-
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R OCER, SLIRZh ¥l HANK'S I el . 555
B PN TR, TR 37 °C ) HANK'S ¥,
AP 0.5 mL, BL ] 1.5 mL, &KPE&HMIK. K5,
EIEFAAME 20 min, JNEEFTONES B RH TEER, %
PR BEAEAE I ) AL 17 % s S 3 . %) T AP—BL
M3z . AP N 0.5 mL 254, BL fijfin 1.5 mL
25 [ HANK'S 3%, BL UHUFE; XFF BL—AP {1y
eiz. BLAWHN 1.5 mL 254, AP fijfi 0.5 mL %5
HANK'S ¥k, AP MICRE . BEAS 259006 47 3 A
SEL, 4rHF 15, 30, 60, 90, 120, 150, 180 min
BURE 200 wL, %M s [ ##A f) HANK' S 73 )
200 pLo SEEE5 oH PR TEER {6 4% i i
0.22 pm fALUEMRES, B 20 pl ik HPLC 2 2. 1.3 {5,
TERMA T S I . T RWBBERE(P,,) -
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P, = (dQ/dt)/ (AxC,) (4)
Hep, P, (em 5™ ) HRMWBE R, dQ/dt
(pg-s™) MYt A S5z i, Co(mg-L7") K

HPITE A R EE, A(em®) A% I8 IRTTAR .
2.3.5 P-gp DIREXT AWM oI SR B 4% P-gp
MR LRI R S L2, B8 =g s IR

SRZ, W 2.2.4 h AP—BL A0
S IR AR MR E L R, TP

3 LIGHER

3.1 SRR as R
RIS LR AT A (R 1),
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ANZEAF Rb,

BTS2 P-gp AMIEFIRENT . SCBH 0 100 mg L' 4 Re AE=F pH Z4F LRI DX/ T 1, i i i
PIMK S B A A2, IRy A SRk PR SR R Dy > 1, N REmHEZ Y.
x1 IMABRBSFTRBBEHIE(n=3)
feam n e
pH 1.2 pH 4.0 K pH 6.8 pH 1.2 pH 4.0 K pH 6.8

ANZBH Rb, 0. 049 0.053 0. 067 0. 045 = = = =1

ANZ AT R, 0.093 0.093 0. 094 0. 094 & & & &

=LBiFR, 4. 680 3.750 3.880 3. 840 1% % 1% 1%

3.2 2y 45 2R B e 235

TIAR IV 2, ML R AE 10% DU R A
SR AT Rb WG 20 ~200 mg - L™ AS AT
R, %4 FEEIE R 20 ~300 mg - L', =LA R,
(1) %2 42 BEE LA 20 ~ 100 mg - L7",

R2 3P EBRBEFRRERIE(x s, n=5)

k&Y WP /mg L7 I (% )
ANZAT Rb, 100 1.26 0. 035
150 3.50 0. 028

200 8.80 +0.23

NS BT Rg 100 3.98 0. 13
200 4.44 £0.08

300 7.01 £0.07

=LRHER, 40 4.88 +0.08
80 4.14 +0. 41

100 8.71 0. 04
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BL—AP il {551z 2 i & IR ) 3R Mg ok, Ho3 h
WK AN, BA B R, B 259 B2 1
W, FimaEbEZ i m(P <0.05), HA U E AR
P, AP—BL il #%i2 # %K 7.59 x 107° ~ 12.50 x
10 °m +s™", 7E1x107° ~10 x 10 °cm - ‘W&ﬁj}i
e jﬁtlﬂf—%%&( AP—BL fil| 55 BL—AP fil], P,
BINT 14.96 x10 *em s ™', B AZ 1 Rb, K

BEWAY . mL o AIREERER P owi-ap)/ (Apsi) i
HA0.94, 0.86, 1.23, H/NT 1.5, B A SR
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40t
351
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=
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B et 18] R EE RO ZE AL

3 Mk 3 L], AZRAF Re i AP—BL Il
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£ AP—BL | LA #% 3 i 3. AP—BL AS B 1F
Rg, iM% M 1. 19 x 10 7° ~4.17 x10 ®cm +s ™", #fE
D Sy S e, U A is 1 P, 47T 14,96 x
10 °em -s™", VLI A S 2H Re, NIKB B,
B o AR EIRBE Y Pycsiary cesn 275100 1012
0.84, 0.86, ¥J/NTF 1.5 Wi AS 1T Re, LAk 8%

14+
121 AP—BL
104 _
E
i 5[
et
#* i .
4+ —8— 100 mg-L!
oL —&— 200 mg-L"!
—%— 300 mg-L"!
0 1 1 1 1 1 1 ]
15 30 60 90 120 150 180
t/min
9_
8+ BL—AP
7k
2 O
=
Iy 4r
& 3t —=— 100 mg-L!
2 —&— 200 mg-L"!
1L —»%—300 mg-L"!
0 1 1 1 1 1 1 J
15 30 60 90 120 150 180
t/min
3 AZEFH Rg AP-HBL, BL-AP FE#EE
P& Bt 1B) F0 3R FE R 224k

B4 fnsk 3 KW, = LB R 7 AP-BL Y
BL—AP | 5% 1z 5 4 I R )3 K Mg X, Ho 3 h
WARIBENR AN, BAA I RRAEYE, BEE 25k B2
s, [W—mET AP—BL 5 BL—AP 44 iz &
HAIN(P <0.05) , AP—BL =-LRAF R s # K N 6.98
x107° ~10. 04 x 10 ®cm +s " HEM H A P 258 mg 0k, XY
iz i) P, /T 14.96 x10 °cm -s ™', Uil =&
B ROMRBEEGY . &, B IREWEN P,
(BL-AP)/( AP-BL) 43512/ 0.94 . 0.88, 1.04, /)N
T 1.5 Ui =L 821 R, LI ahihiz b £,

3. 4 HERIMFOK XS 245 % 15 1 5

SCERZE IR, HXTAMLL, LmAMmAS
Y Rb, W ia R IC W E (P >0.05) , BN
Z AT Rb, WIS P-gp B A P-gp ]
FAEhimk)G, LRAMASEH Rgy 5 =L B
R, %5 R AW B AR (P <0.05) , TLE 5, 15iH]
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YRR A2 5 FF Re, 5 LR TF R, HO56 8 A
MRS

25
20k AP—BL

15F

2

1\5}1

ool

® —=—40mg-L!
5t —&—80mg-L!

—%— 100 mg- L
1 1

0 1 1 1 1 J
15 30 60 90 120 150 180
t/min
16 -
14+ BL—AP
12F
%’3 10
o gl
0
® or -1
4k —8—40mg-L
—&—80mg-L!
E O, o 1omeer”
15 30 60 90 120 150 180
t/min
B4 =-+5E%# R, APHBL, BLAP FHIZE
FE B 1B FR iR FEE B9 ZE 4L
I INEORBVEHNEEENELE R (v x5, n=3)
way i394 P ar—nr/ Ponwioar”  Pupsroar”
mg L™ x10 %m-s™" x10 Scm+s™' Py, aron
AZ B Rb, 100 11.61 £0.00  14.28 +0.04 1.23
150 12.50 0. 11 10.71 0. 15 0. 86
200 7.59+0.01  7.14+0.05 0.94
NSRBI Rg, 100 4.17+£0.30  3.57 +0.21 0. 86
200 3.35+0.33 2.83x0.52 0.84
300 1.19+0.42  1.34+0.00 1.12
=B R, 40 10.04 £0.00  10.42 £1.30 1.04
80 6.98+0.03  6.14 0. 61 0.88
100 8.57£0.80  8.40£0.00 0.94
t4r By
12+ = SRR
. 1o
o
= ° |
s 6fF
g
=W 4+ ‘|'
2F sk
O Il . Il
ANZEHRb,  ASHE1FRg, —LEIFR,

H: AZBHRbAP>0.05; AZBH Rg 4l **P<0.01; =L
B R 4" P<0.05,
ES5 #HHRKM=FMEFFREHZM(n=3)
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3.5 StarDrop BB FH 25 555 L PREG R AL
R StarDrop BRI () =L W H R IEMIES
LPREER—E, T3 W2 ) A R TN 45 2R 5 SRR
HZEBR . =R H T LRI N P-gp KW, 5
FIEERALT . LHETRIFK 4,
x4 3MEENRAEHFAEKTELRHEES

HRRABHEELER
TR BuasR
({azy] Sy WM, Spw R,
(gL' Mo oL M T
ASRAFRb, 139.55 Hmg & 736 Box R
AR Ry 76,63 Wk & 481 BOF R
“LRER 228 BFM w0 615 MiE R

4 g

R Rt — N EERE, &R
PRI b B 55 1 . 26 [ FDA $i5 5 i AR
SE RS T AR 25 ) AN T R R B Ak r 2
W R, 2 BRSO T I B Y 25 249
o, PRSI S AR A 2R B (2RISR
T NS R SRR R S Ok, R
25 IR 25 0 A Bl g 2 52 36 v oK BRI e s 45 24 )
B AR, S R A 2 M,
BHAS B Rb, . AZRAT Rg,. LB R A
2y Moo 111, 1,67, 2.22 g, DAL D,
B, HIWr37 C&MET, BERAYLEK(pH 5.8) |
pH 6.8 ZEuhif . pH 4. 0 ZEpfif . pH 1. 2 Z& v 3hEE
TR, D EW A, ASREITRb,, ASHE
1 Re, B s g k25, —-ERir ROWIKRA g1
29,

[ FDA 5 5 X BCS 43 2 v i3 35 M 1F
WRUER . B IENE Y R AR R IR IR R W 25
TEH EATREB T, 167 IE R IGEF 90% L
R 2y, OB N AR B B 257, Donna
A. Volpe 2"V B 3E T BCS ¥ ki, @4 Caco2
o M B 2 AR 5Y 23 BRI P M, RS
553X 23 AT 245 43 i AR /N TR fa L 3
ST T PA Caco-2 4ff g #5 AU £5 3% 21 KB} 9 25 W) &%
BB ARTE N AR, IR P, (E R 14,96 x
10 Pem -s™', AL H, ZABIFHNEEE P,
{EHI/NT 14.96 x 10 ®em -s ™', PRI AZ AT Rb, I
Rg, e =LA RoMKEBEEZY) . NS 21T Rb, f

Rg, iy BCS M2K25%), —-LR1F R, BCS VK4,

T PappBLHAP/Papp APHBL:V‘LJ/J\? 1.5, #E =Fhik
BB ez . | P, K/ANHIWT =&
Wa/NHWHBCGHEAR RN Ny: AS AT Rb, > =L
TR, > AS A Rey, WIS 2 Bl B 1 185 0328 i 44
I, UGB IE X w3 iz 2 A IR M-S R 1 AR
Ko MR B I A 2 YE e . b1
RN BN IESE . 2P s K T
HEVEVERIRS IS, AR R iR B T2, R,
IR AE RO SR AR, 2R
YRR B IS B AR, "ot —2
IRFR L Y R A A A I B A B IR

P-gp J2 Ji7 18 40 i vh A7 AE 1 — Fh 32 2R SR
H, B AP MUl %% iz 3] BL ] 19 25 ¥ 51 HE 2] AP
e, 5z P-gp WEERIZGHILE A P-gp IS,
P AR, AE 2 A G W IE 2 6%
P-gp SNV, SEERVEREAERINAK g P-gp 47
Mo HPREKY], HEE P-gp MHFBIIMA, ASEH
Rg, 5=L2H R P, RIMBE TR, WHAZSE
1 Rg, 5=L R R WEIZAZ P-gp B4, R
YERLAORAM G T AS A Re 5 =L RH R, 5%z,
H B R T — 2258, AS 21 Rb, # iz
R, U AS B3 Rb, iz A5 P-gp
R

StarDrop J&— K FH T 7E 25 1) & 30 v B il B DR 5k
T Bt H 20 P s v B S W Ry, TR
32 A CHE , TOUI OC BE A AR PR BT, 3k 2 B 4
B T IL BB IO 7 A R 25 T B — 8 AN
PEo ARSERGHUN A =L AT R, ROV AR S5 2R 5 92 PR
ZERAFE— S, NS RAF Rb, 5 Re, #Y Pk il
MZERGIIEE RN ZER R, I H =AW A
P-gp iKY, SEANAERM R, AT AR KR )
Btk TR LG WA AN R s AR
o 3 B B S R E R, B A Y ADME
QSAR BRI A] fig B AL 25 /Ny T B, R
FUPE . ATEERY TN 5 2%, W B ST 2 R AR
YR e RS EYE, UL ER B CMERIE,
AL Auto-Modeller FEH A4 HEIE 5 FUIN K73 FAL 5 W)
[ QSAR F Rl
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