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Absorption and transport characteristic of paeoniflorin and its derivatives
in model of Caco-2 cell monolayers
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Abstract: Objective To study the absorption and transport characteristic of paeoniflorin (PF), oxypaeoniflorin (OP),
benzoylpaeoniflorin (BP), tetraacetylpaeoniflorin (TP), pentaacetylpaconiflorin (PP), and pentacacetylalbiflorin (PA) in human colon
adenocarcinoma cell line Caco-2 cell monolayer model. Methods The Caco-2 cell monolayers were used as an intestinal epithelial
cell model. The permeability of the tested compounds from apical (AP) side to basolateral (BL) side or from BL side to AP side was
evaluated. The concentration of the tested compounds was measured by HPLC coupled with UV detector. The transport parameters and
apparent permeability coefficients (P,,,) were calculated, and the P,,, values were compared with the reported values for model
compounds, Propranolol and Atenolol. Results The P,,, values of PF in the bi-directional transport and atenolol were at the
quantitative degree of 10”7 cm/s. Whereas those of OP, BP, TP, PP, and PA were between atenolol and propranolol used as a control
substance for low and high permeability, respectively. The absorption and transport of the tested compounds were
concentration-dependent at the concentration range of 10—200 umol/L for PF, OP, and BP, 10— 150 pmol/L for TP and PA, and 10—
100 pmol/L for PP. Conclusion The six tested compounds could be absorbed across the intestinal epithelial cells by passive diffusion
mechanism. PF is poorly absorbed compound and OP, BP, TP, PP, and PA are moderately absorbed compounds. BP has a role to promote
atenolol uptake transporters in Caco-2 cell monolayer model.
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Fig.1 Chemical structures of paeoniflorin and its derivatives
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HAE, UVD 170 U RGN 25 , Chromeleon Version 6.50
s b B T AE S ), 48 [E Dionex 2 #; Dikma
Diamonsil™ C g (345 (250 mmX 4.6 mm, 5 pm).
1815t Dikma EasyGuard Cg f£47#% (20 mm X 4.6 mm,
5 pm), Jtit Dikma FHEABE AW Pallas 3.3.2.6
ADME/Tox #iill &}, CompuDrug International /A 7] .
2 FHE

2.1 {MRRIEFRANE IRR T &
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2.2 {MpEtEFEFNFRAR

BIHEAE B 35 /8 Caco-2 4iHu, sEH
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o BIE KR IES (B59% 4~5 d R &
ZiLF] 80%), T DMEM-10 5555, R4 2
RN, BRI, 4~5 d AL 1 IR, ALAREH T : 5.
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A IE R 80% LG F a4 AR, 1) FLAR 14 Tl v
(AP) IINZEEE Sy 2.5%10°/FLIK40HIE 0.5 mL,
) FLA () JiG i (BLD A 584> DMEM-10 578 1.5
mL, JRABFRR N TR, PG 1~7 KGR E
#i AP F1 BL [R5 IR (4301 0.5 1.5 mL); 2 8~
16 KRBT AP £5577 0.5 mL, B 9 KRR
B BL K598 1.5 mL; 36 17 RJGHRK#k AP Fl
BL iR (05124 0.5, 1.5mL).
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BEtF B4 230 nm; FEIEAT 25110 248 nm. YiB)AH:
ATETE O HE-ZK (50 500, FEIEAT 20 HE-/K -
PR (60 40 : 0.15), ZRHPBEATZH DY ZWAT 24
TN HEE-/K (70 230D, TLLWEATZ2H A B RE-/K
(80 : 200, T LMt~ 245 N IR A FH - 7K -1 (75 -

25:0.15).
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JE LA >500 Q/em?®, BRI, AT TSR B
5% AP—BL Wt4is, AP Ui T 32840 Va0
0.5 mL, BL ¥4 1 HBSS 1.5 mL; #Maiszi, R
BL—AP, BL % 732 MLAWH 1.5 mL, AP
s n4s 1 HBSS 0.5 mL, 6 N2tk St iz
S UK EES A 50 pmol/L (DMSO ZR /N T
0.5%). 45 T2 Ak i G TFaa TR, rEp
¥ 12 fLEIsiCE TERPEIR b (37 °C, 50 t/min)
I E 90 min. #F5T AP—BL #3281}, AP SR 400
uL, BL #ilFE 1 300 pl; 57 BL—AP i, BL ¥
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BIFE, BALEAL, BEACPAT 3 ML BUFELE S TR
D 0 P 2 R B OV R B8« BT AT R 20 °C
PURIRAT,  FERCIS A3 BTl o FEMRISCEE 12 1) I 2%
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100, 150, 200 umol/L; i Z kAT 24 P B Ac i1
10, 25. 50, 100, 150 pmol/L; Ti.Z B 251
B 104 25, 50, 100 pmol/L. ZMHrillsE N, 4% “2.9”
TR J7 A BIRE S s 4% “2.47 TR A% &b
it “2.10” TR 5k RIS IE ZEL (Pyp)s 1A
Pallas 41, FRIESZARMA DS IEA LS E
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“2.67 U FHUFEA L R G, OB ERIESL
M, LAY HBSS YE¥k 3 4k, E-20 CokfaH
RURRAT 24 h, =R L. JBCE 24 h, WIEER
Rl 3 UK, K B A 440 R P 2R B TR LI 5 2 200 pL 70%
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FTREAh, AR B JS 23B il e 32 A S e 40 i )
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H DMSO ¥l 9% /K, FH HBSS #ikE 4 50
pmol/L  [F]¥Z e il BT 45 i JR 5 25 R e~ 25 1 (TR &
W (328 50 umol/L) . F% “2.77 T R Jr vkt
R .
29 @A

€257 M “2.67 TR AR TEFES U,
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HE (umol), dQ/dt A#RIZHZ (umol/s); Co NLAE WA
L 35 MG T Cumol/mL ) s A Jy BEBRBE I £ T A (om®)
3 #R
30 FEREER
3.0 LMXRRFELE HURERI 43 mg ~jZy
1. 4.2 mg FHEEATHTF. 5.3 mg ZKFHAEEATZ5F.
0.90 mg VU ZBAT 2515 53 mg 1L LEEA T 25F. 3.1
mg HWATZNERTT, H DMSO ¥%ifi#, HRCHL 10
mmol/L [Ifi#5, FFHESE 1 IRPEE: Caco-2 4l
FLZ I HBSS FLi BRI EE (5. 104 20, 40,
60. 80. 100 umol/L) FIX} M M. K LG+
S, N H AR E 2542 1.0 mL, £ 15 000Xg
A R B0 10 min, B RIS, SEFFE 20 pL, $%42.4”7
TR AFE o DUE AR E A PR (YD, %)
FEM IR EE A BEARR (X0, F3ERPERIAfE: AT2T
Y=6.990 X—1.160 (r*=0.999 0), FFIEAjZ1F Y=
1.563 4 X—0.6452 (r'=0.9992), HHEATZT Y=
4.0039X—0.181 6 (r'=0.9998), PUZMAjZ41F Y=
14.353 X—0.428 (r’=0.998 3), F.LBX251 Y=
8.204 6 X—2.173 7 (r*=0.998 1), T LW 245 ig
T Y=2.854 X+2.070 (r*=0.999 0), Z&VEJGH %N
5~100 umol/L. 7F “2.4” Wit N, ~j251F.
FREATH . RAEAT 21 WWAMATHTT. Ll
P AT 24 FF BT R AT 249 P e () AR B B TE) 4393k
3.554, 3.518. 4.492. 5.282. 8.762. 5.865 min.
3.2 REE R JTERICRIRE: FH HBSS 2k
AT BRIEATHITE. K EEATZTE. WU OBAT 2
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AHTFEMAFA (1) MeOH, it i TR ) )5 8 A5 % i 15 min,
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HPLC J5E. 1d W 3k, W H RS, 45
K RSD Jy 0.50%~9.54%; 1 FIdlz 3d, M5 H
[HRE % E, RSD A 0.26%~9.82%. M TAF Lk )5
FESRAFILH RS, DL e v B 15 S B FE AR b A, SR
FTVEIRIBCR A 89.38%~118.16%
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HPLC & &l e 45 R LMW, 6 M2ilfb&YiE
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3.3 Caco-2 il R EE M 555IERE

7 Caco-2 4l B AR 5 (R U MR AL 38 1) B
X 240 2RI IR K] Py (4 246 X107 cvs, 5
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JRUASE IR o 52 afl 2 32 (10 B 6 HR 24 BT 5 345 ZR () Py 1B
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Caco-2 AN WAEHAIEE 3 R, AR =ESILE,
ANREAKAE ALP JECH)0] AiF 3 AW I b A2 RSORT AiF 56 2
15y, W Caco-2 ZHMITE ALP 3G 1. BEMER 14 K5,
MMV, 7K A FE A IR A Jx i
KWy, HAT ALP 35PE, 3R] Caco-2 4l fie 73 LU Ak
KRGERG, AT AT RS 1 555
34 RUgEEIZRIE

6 N2 A WU ] 50 pmol/L B, M AP—
BL ¢\ BL—AP [#] Py, {EH1 log D { (pH 7.35)
L2 1o FEHE S R TR e, AT 25 B T
Wt &8, FRIEATAT . RHERATZEE. UL
BEA 294 L OBAT 2517 R B OB 2y W BT B T
TSR A S
3.5 RUEEISHI BT R R

6 MNZRILE PN log (Papp ap—pr MW {5
HAE pH 7.35 1) log D 2 I8) 155 2 WL 2.

AR A PIIRE K 50 pmol/L i, 4F 30 min HY
FE, JEHCE] 180 min, A1, FRIEATEGH . RHTEL
AT RN LIRS 291 Pt 6 I () 24K, AP—BL Al
BL—AP [{JF5ia R IR RN, 531K 3.

AP %iisl BL ¥m25 245, %32 90 min R, 524
T BREATH . RHBEATA . B OB~ 25 IR
TR T 22 25 AP—BL 8 BL—>AP [z 8 %
R R InEA. g5 R WK 4.
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R1 6 NETHERNAMWE Caco-2 AL RASH h T SEEE Py, B (Xts,n=3)

Table 1 P,;, values of six tested compounds in Caco-2 cell monolayer model by bidirectional transport (x +s,n=3)

Papp AP—BL /

(Ratx’

Papp BL—AP / Papp AP—BL /

log D (pH 7.35)

(X10%cm's™) (X10%cms™) Papp BLAP
AJE 0.8610.13 0.51£0.08 1.690 -0.75
FRIEAT 1.98+0.14 1.85+0.21 1.070 -0.92
IR RS 241 1.5740.17 3.28+0.20 0.489 0.59
VY ZEA~T 2 3.631+0.23 13.941.40 0.261 1.32
L LTRAT Y 4.3610.63 3.2940.56 1330 1.75
T LBEAS 25 N TR 8.01£0.71 15.84+17.0 0.507 1.67
567 . W%, HRIE 2,
~ 38 3.7 FHBAAERMEE/RRYSEE
z o} ‘ R AT 2 TR ARG, BRI i
E?’ -42 | IR BRI PE , B R B AT 2515 nT el i 59 0 Caco-2
5@:74.4— s 0 B (KB, AN TR 6 BT AR TR
® 46t iR 5,
481 . . . . . . . 4 g
10 =05 0 05 10 15 20 AT ERVS T AT FRBEA 251, R

logD

B2 6 MIHEHEUEWA log Pupp av . MW'?) fH
5H log D EHIXRE
Fig.2 Curve of log (P, Ap—psL. MW" and log D

for six tested compounds
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R SETEE Thaty = Eai
0 ./—:;',I_____?_ i

AT S HAT VY SRAT 251 H LB~ 25 N B
TR CERAT 2175 6 ANATZ T R mi B 1 e R
J¥ Caco-2 45 EAETY )X m) iz . JiTH Caco-2
2 o B 2 3 A b v AL S sk M 2y R B,
T 3 SR i 3 B v A R T TR B R A A
CF LR, 754 FDA Ak il 2 B gk P,
BN SR EE R R, AT Papy, fHAE 107
cm/s B, TN R G ol 54
AT AL Popp TEIIAE 1070 en/s B, Tl
WA S RGP o LA Py (LIRS, FIT 6

8.0 r
70 F
6.0 F 4
50 s

4.0 P

30 i ] /‘%

20 o

g 1%
N

0 30 60 90 120 150 180

t/ min

B3 AZE. BEOLHE. FREBROBE. AZEMAAHE AP-BL(A) 1 BLAP (B) BI¥IEE (x+s,n=3)
Fig. 3 Transport rates of PF, OP, BP, and PP from AP to BL sides (A) and from BL to AP sides (B) (x+s,n=3)
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Fig. 4 Transport rates of OP, BP, PP, PA, and PF from AP to BL sides (A) and from BL to AP sides (B) (x+s,n=3)

F2 6 MIAHTLENUSHYTE Caco-2 B R PHY
ERREDYER
Table 2 Intracellular accumulation and coefficient
of recovery of six tested compounds

in Caco-2 cell monolayer

AP—BL BL—AP
At AN / SR A /R

% % % %
SER: 10.86 106.43 6.36 101.54
FEATH 1.00 100.26 0.61 95.61
2 HEAT 2 - 94.88 - 107.55
W BT 25 5.11 88.07 1.59 111.92
SIS - 75.64 - 95.00
HBATE BT - 104.67 - 91.38

"R G HEE S AU AE AP S AT BL SR LU B
Caco-2 #1352 P K 2RGS0 B B WA I I 234k
BYERIE N =7 REE]

“Total recovery rate is defined as total amount of test compound of
collections recovered from AP and BL chambers, and intracellular
accumulation in Caco-2 cell monolayer as a percent of amount of

initially given test compound after transport assays; “—": not detected

AR A N I RTCR S NI i 2.
BRAT 25 P> T 2B A2 > U LA 21 >
SR 2HF > AR WA 2 > AT 25T . Py apopr, /
Pasp 1 ap LAHE 2925 | AR 251 I FL 2,
AT IEFI1 Py ap—o, TSCHERE 7 2 0038, LU
WU s 2T 25 R L 2T 2
RIS TR 0.5 Ji4T, T LA 2500 1 3
M 0.26, SLRATHAFTEAMENLEL Bt — bk
E SRS LA

18
o AP—BL .
_Br aBL-ar
; 12 "
Q
b 9t
=
X 6 |
f 3 _ 1
0
[CE= S R[5 985 IR + K B EEAS 2577

B R R 4512 e TP <0.05
*P < 0.05 vs atenolol at same
5 MBS REEFHGHEEE TWEAKEL P, B
(x£s,n=3)
Fig.5 P,p, values in bidirectional transport of atenolol

in presence of BP (x+s,n=3)
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AT R AR AL S AL R e s LA Y
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Yo 5 FEAR PR DI O . CanZs oy 1id i i b Eean
eIz 1) g A% 1 AT B O B AR 1) BB e
B, SRS, SN2 T RO S 1)
RS TR IEYE . BB EE T B 1K
/N, TEEA /7K (O/WD 2hFE R AU SRR 32
O/W 73 i 8 0] T U MK 2 (o) 715
2], H i AR R, A= e
WA PUE SRR AT E , (H 7 ZEAE B (I i)
IR % T HEAG R O/W 43 I 2 H ELRC N A
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HPLC e R B 7 CRIAR B iR)D DA A Gd it
)5 T 5 A DS EI G AT IR
O/W 4yBe &% (FH log D R/R) FERIZE IS AW FTIT
WHHAE O/W 43 Be R B TR b, T 0 f o
W25y IR (b SIS AL, W log DY
log P M PER RS, C& i Tl & v,
ASEGEH] log D AEASENRTES AL, K Pallas 3.3.2.6
ADME/Tox HAFHHSINAF e H4 Papp ap—pr FIERAHXS 73
TR M IR B, LU log (Papp apobL
"MW™) %} log D (pH 7.35) &l (] 2). 7F log D
fH~1.0~2.0 JE [l N, 1% M2 57 & SCERIRE Y 1E S 1Y
e R AT M L DX ) (ke A, wr I od e e,
A SEIRYEIX E] (log D 3.0~4.0), (L&Y S
MR R Y log D HBE— P K E moR IR EIX
[ (log D 4.5~5.5), A EWWEE M R8T~
B, SIS BKR. dit ARSI MAR, AR
SENEPE R ARME A X H], AP SIE A
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