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Abstract: Objective  To prepare paeoniflorin-glycyrrhiza protein self-assembled nanoparticles (Pae-GP/SAN) with good
bioavailability and investigate its intestinal absorption mechanism. Methods In this study, glycyrrhiza protein (GP) was used as the

carrier to prepare Pae-GP/SAN by ultrasonic dispersion method. The formulation and preparation process were optimized using average
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particle size, polydispersity index (PDI), encapsulation efficiency, and drug loading as evaluation indicators, and the prepared
nanoparticles were characterized. A rat in situ single-pass intestinal perfusion model was established to investigate and compare the
intestinal absorption behaviors of paeoniflorin solution (Pae/Sol), paconiflorin-glycyrrhiza protein physical mixture (Pae-GP/PM), and
Pae-GP/SAN. Additionally, an aggregation-caused quenching (ACQ) fluorescent probe was used to observe the intestinal absorption
of GP/SAN by confocal laser scanning microscopy (CLSM), aiming to initially clarify its penetration-enhancing mechanism. Results
The optimized Pae-GP/SAN had an average particle size of (178.2 + 6.3) nm, a PDI of 0.152 1 + 0.011 2, a { potential of (—14.91 +
1.13) mV, an encapsulation efficiency of (36.45 + 2.32)%, and a drug loading of (21.70 + 1.30)%, with a uniform spherical
micromorphology. Intestinal perfusion experiments indicated that the absorption efficiency of Pae-GP/SAN in the ileum was superior
to that in the jejunum (P < 0.05, 0.01). The formation of nanoparticles significantly promoted the absorption of paconiflorin. Moreover,
the absorption parameters of high mass concentration Pae-GP/SAN were significantly higher than those of low mass concentration
Pae-GP/SAN (P <0.001), while mass concentration had no significant effect on the absorption of Pae/Sol and Pae-GP/PM. Transporter
inhibitor intervention experiments showed that indomethacin and reserpine had no significant effect on the absorption of the three
formulations. Verapamil significantly increased the absorption of Pae/Sol and Pae-GP/PM (P < 0.01, 0.001) but had no significant
effect on Pae-GP/SAN. CLSM observations confirmed that GP/SAN can be absorbed by the intestine in the form of intact nanoparticles.
Conclusion Pae-GP/SAN can be endocytosed and absorbed by the intestine as intact nanoparticles, effectively evading the barrier
effect of P-gp efflux protein, thereby significantly improving the oral bioavailability of Pae.
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intestinal absorption

AJUH R AT EENETE Sy, BRI, $T
R PUESE 2 PG U2, HAZ 50 /K 1 5T
MR TEZE, MELLZE@EAnME,  HAZ I E il 28 &
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sulfate-polyacrylamide gel electrophoresis , SDS-
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Fig.1 SDS-PAGE bands of glycyrrhiza protein
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NZEWK 4mL, 7ETHE 250 W % 50 Hz (51
N 25 min, RIS AN [ER 2 E GP/SAN.
2.2.2 Fife. PDI. CHALMME B “2.2.17 Tirp
Hil#31%) GP/SAN, hnid &2 Bk FiRE, KA /R S0
FERLEEA, W€ IR AN [F] 5 &K B2 GP/SAN FIRiA%
PDI K C HfL, 5 IR 1. M HEEAREIRE
T 6 mg/mL B, HHLE FE S 1FEH T Ref T ks
1B/ T 200 nms S BRI ARk s T 24 H A
R B KT 6 mg/mL I, 2 BUAAR M, ki
Ko DR, H R i SR FE AN I 6 mg/mL.
2.3 HPLC ;X3 Pae-GP/SAN A HHNEE
ME 73
231 R BIEHSN Shim-Pack GIS Cis %
(250 mmX 4.6 mm, 5 um); NN ZHE-0.1%0H%
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#1 GP/SAN KR (X+s,n=3)
Table 1 Characterization of GP/SAN (X +s,n=3)

HREE/ Fi4% /nm PDI
(mgmL™)
1 127.7£5.1 0.174 6£0.007 2 -17.04=1.15 &8, HIL
142.745.1 0.170320.016 9 —14.880.95 W], HIL
150.4+7.4 0.1577£0.014 5 -15.35+1.40 M, HIL

2
3
4 151.0£59 0.200520.024 0 -13.89+1.41 #H], HALN
5
6
7

¢ Hfz/mV ShM

159.2483 0.2154+0.027 8 -13.99+1.47 1], A
169.9%54 0202 1%0.0315 -13.66+1.67 EH, AR
2140489 0.2572+0.023 1 -13.15+ 1.1 ¥

8 249.1+11.3 0340 3£0.033 6 —14.73+1.90 {Ek

FR/KVER (17 - 83); AFEAN 1 mL/min; FEiEAN
40 C; I KoA 231 nm; HEFEE N 10 uL; PG
PERREL AAT 25 I T S AME T 6 000,

2.3.2 OPHRGIATRIHI A RS BRI AT 2R R
84mg, HT 10mL &iiH, FHEEMETFER,
73 840 pg/mL X FE S ABA. FE B2 R i
HWEE, FHEEMBER 84.0. 42.0. 21.0. 8.4,
4.2 pg/mL TSR FE 1) R 050 HE A

233 RIS RS 0.1 mL Pae-
GP/SAN T 5mL &), HHBRMHIFEE, #5)
J&, fEH 0.45 um TFLIEREE T, BRI AL A TR .
234 LEMEHEE RC2.2.170 NS H GP/
SAN. AJZGH X HE ST S Pae-GP/SAN K i 4
W&, AR “2.3.17 TR ik 4 g R
oL, ARIE 2, R EH, 2H GP/SAN
XIATEHE R E TP, RAETET R R .
235 HLMRRFEE FERE “2327 TR
AT TRHE 2307 BUR G RRRAREATIE, 10
SEAH L ) E Rl e s TR AR, DAAS 247 ol ik B D Al
B OO, WA NAER (V) BEATLMERE, 1565
HERRZR A A7 2 Y=13 199 X+ 18 949, R2=0.999,
45 WL IATZHEFE 4.2~84.0 pg/mL SR R
UFIIZEME R R

23.6 FEEEEE R “2.3.27 WURNATHH
MR SRS B, IR 2,317 T S 3T I
€, 1d WPATIIGE 6 Ik, 8 HREH L. 1HEAFA
RS 2 RSD N 0.75%, RIS RIF,

237 frmEtEs BRSSO TS
0+ 2+ 4. 8. 12, 24h B HT, % “2.3.17 TR
RE AT E, OISR AR N ) R I IR T A, 5
SHARENE, THEAAT A HIE AR B RSD 4 0.79%,
RO PE A RE =R N BCE 24 h R R AT .

SES

e

o 4 8 12 16
t/min
B2 ZH GP/SAN (A). XERMIAR (B) 1 Pae-GP/SAN
iK% (C) BWEEM HPLC [
Fig. 2 Specific HPLC chromatograms of blank GP/SAN
(A), reference substance solution (B), and Pae-GP/SAN test
solution (C)

238 HEEMER PTG 6 A MIER, 1%
fR“23.17 TR EIEFAREATIE, DRI,
S5 R B RIS RSD A 1.89%, R A% 7% E
EYERLT.

239 fIREELEREL EEBILS S IER 6
B, IIAFEME 100% AT A S, 1T 0.45
pm PEFLIERE, I8 “2.3.17 Wil ST E
T R g VT AR, AT 258 IR (R0
R, GREIR, AAERMAERERESN 9535%~
104.01%, RSD N 3.31%, RIZITIEHERIE RIT.
2.4 Pae-GP/SAN HIHIZ R ML

2.4.1 KM PDIIIIGE  J7iEE “2.2.27 BiR.
242 QEHFRMBAEMNE RABIEE X
M52 Pae-GP/SAN [ R A2 & .

HX 100 uL Pae-GP/SAN % 5 mL &, i
REFE AR A R A, 0.45 um FFLIEMEET
Jei» IR “2.37 N HPLC J5 kbRt 34T, /6 Pae-
GP/SAN H A2 HiE (W »); HU 0.4 mL Pae-



* 4586

¢8 % 2026568 $57% B128 Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

GP/SAN JINHJEERS.OE (0.5 mL, #EAMN T
i 3000) KI_EJE, 8000r/min &0 (B4R 10
cm) 10 min, HURNEHEW 100 uL BT 5 mL &=HEH,
IN7KHRE € 455 0.45 pum TFLUERRJET )5, #% #8237
TR HPLC J5 ikt e, 1E0 Pae-GP/SAN HroRk
AT ERE (W),
AEB=W o —W /W
BAE=W 5= W D)W s—W 5+ W wnr)

2.4.3 Pae-GP/SAN (b7t FRECH B B8
K 24mg, BT 10mL FMIEH, 50 INAARTZ5H
JRELZ) 2~14 mg, MIANZEWE/K 4mL, % 250 W,
AE 50 Hz (2644 TRE S 25 min, EiRTE R H)E,
0.8 pum FAFLIEMEIEL . 737l %E Pae-GP/SAN HIHL
12 PDI BB M2, 25 R NE 2. HEEH
WEAREREN 6 mg/mL K, ATZ5H NN EXT
SAN [FPRIAZ 1 PDI G 2 2 50 . (3 A &1
I 55 A5 24 o B B S s s e BRI, R
AT R EIRE N 2~3 mg/mL B, M
AT REIKEN 3 mg/mL B & . 25657
Mr, BEATE R EKEA 3 mg/mL.

*2 HHEREREX Pae-GP/SAN KIf2. PDI, B %

MEAENFEM (X£s,n=3)
Table 2 Effects of paeoniflorin mass concentration on

particle size, PDI, encapsulation efficiency and drug loading
of Pae-GP/SAN (X *+s,n=3)

S

(mgmL™)
0.5 171.0%7.8 01759400118 21.69£4.59" 235+0.35™"
1.0 170.749.1 0.178940.0163 21.63+2.01"" 4.38+0.37""
15 1727457 0.181940.0074 26.83+2.68"  7.64+0.81""

Fi4% /nm PDI BEEY%  BAEE%

20 1763%7.6 0.1751£0.0064 34.95+230 12.5440.90""
2.5 1727£6.5 0.1770£0.0118 35.59+0.16  15.574+0.40"
3.0  1747£9.6 0.176 6£0.0114 36.11+0.52 18.25%0.17

3.5 175.0+13.0 0.182 61:0.008 5 29.48+1.60" 17.1740.83
52525 3.0 mgmL ' 4AELEE: P<0.01 "P<<0.001.
P <0.01 "™P<0.001 vs paeoniflorin 3.0 mg:mL""! group.

FRECAS 258 )50k 24 12 mg, B T 10 mL FEbKIH
L, AN HEE AR K 12, 164 200 24 mg,
TINZETEK 4mL, 7ET)Z 250 W, Sl 50 Hz %%
R 25 min, FERWEAR G, 0.8 um FHFLIE
EBERL . 2> B E Pae-GP/SAN fkifE. PDI J 41
BRMPAE, FRNE 3. BALTRIRERE
i %€ 4 3 mg/mL B}, HEHEEKEXT SAN 1
Fife 1 PDI JC 55 . W RS H R E A E

*3 HEZEBREREX Pae-GP/SAN fif2. PDI. B
EMBAENEID (X+s,n=3)
Table 3 Effects of glycyrrhiza protein mass concentration
on particle size, PDI, encapsulation efficiency and drug
loading of Pae-GP/SAN (X £ 5, n=3)

HE&A/

(mg-mL™")
3 179.0£5.3 0.171 440.002 7 25.97+2.20™ 20.69+ 1.31
4 177.7£6.1 0.170410.008 9 35.46+£2.47 21.09+1.24
5 179.7£7.1 0.174 1+£0.013 9 36.114£0.52  18.2540.17°
6 177.0+7.2 0.1774£0.010 0 37.24+0.93 15.84+0.27"

Kif%/mm PDI BEE%  BAEY%

H5H®EEA 4 mgmL HHE: "P<0.05 “P<0.01.
*P<0.05 "P<0.01 vs glycyrrhiza protein 4 mg'mL™' group.

WEERSE i s, AR T mE RIS, S
HEAREREAN 4 mg/mL i, SAN [HIfHAH
A EERMAE. L% IE, B HEEDNR
EIREA 4 mg/mL.
2.4.4 Pae-GP/SAN [T 24tk FREUCH E&E A
KR 16 mg AIATZEF K2 12 mg, BT 10 mL ik
M, IINZEWEK 4 mL, {EINE 250 W. 45K 50
Hz (&A% T 25 min J5, ANEEATHE I EEE )
5T 400, 600+ 800 r/min F% 7135 HE 0.5h, W5 Pae-
GP/SAN [J¥ife. PDI KRR L&, 4550
x4 R, BEEERIECN 0.5 h B, WL 8RR
Xf SAN HIRifZ A1 PDI T2 35 5, 1 B0 2 A2
2412 U B o A TR ) 3 T BAES, TR B R 2 1
BN B E, VLRI E 248 SAN
LB AT 25 i R

[&] 52 #5338 400 r/min, #3F— 52 AN [ 4 R (7]
X SAN [PFsE o 25 U 5 pras, BERERT X6 SAN
KiA% K PDI JG W] REE, T3 A8 25 B e
PR TR P ZE KT BRAG . 256 08T, SAN Bl %
R4 HARHEEST Pae-GP/SAN £I12. PDI. B ZFN

HAHENFN (X+s,n=3)

Table 4 Effects of magnetic stirring speed on particle size,

PDI, encapsulation efficiency and drug loading of Pae-
GP/SAN (X £s,n=23)

R Fif%/nm PDI

J/(r-min")

TR 1760272 0.164 110.006 9 35.46£2.47  21.09+1.24
400 176.7410.0 0.181420.010 1 26.14+2.48"™ 16.50+1.42"
600 176.3+7.4 0.173320.0106 18.25+£2.44™ 12.1241.50"
800 175.7£9.1 0.186 6£0.0074 13.93£1.07™ 9.48+0.63""

AEEY%  HEEY%

5T BAEA S "P<0.05 P<0.01 *P<0.001.
*P<0.05 P<0.01 *"P<0.001vsgroup without magnetic stirring.
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RS HLOHEERTEN Pae-GP/SAN fif2. PDI. BIfZA
HAEMFM (X£s,n=3)
Table 5 Effects of magnetic stirring time on particle size,
PDI, encapsulation efficiency and drug loading of Pae-
GP/SAN (Xt s,n=3)

AL

B[/
TR B 1743547 0.163 2£0.006 5 34.68+1.55  20.68+0.67
0.25 177.743.1 0.184 0£0.005 5 28.32+£1.23" 17.724+0.73"
0.50 178.742.1 0.1739£0.004 5 2521 £ 1.72" 1597+1.01"
1.00 176.04£9.6 0.187 6£0.009 8 17.61£2.66™" 11.774+1.64”

5REMARAEA S "P<0.01 ""P<0.001.
"P<0.01 P <0.001 vs group without magnetic stirring.

FEAHEAT R 34 o

2.4.5 Pae-GP NPs WAb77 T 25E  FRIUAT 245 H
JRAELZ 12 mg FIHELE AR 16 mg, BT 10 mL
PEMI, IOANZEIEK 4mL, 7EDIZE 250 W, S
50 Hz M2&0F T A 25 min, SEMEA )G, 0.8
um TALIERESE L . (FFHZ VA E R 4% 3 it Pae-
GP/SAN, 43 5l 52 Hoki4% . PDI K AR il 24 .
IR 6 B, Pl s Mgk RDR 28—, %]
F/IERA BRI ES M.

26 3MIIFER

Table 6 Results of three batches of verification

$if% /nm PDI BEEY  BEHEY%

LU KifE/nm PDI WEE%  RAE/%
1 1855 0.1612 37.17 22.23
2 1693 0.158 7 36.30 21.68
31812 0.173 2 37.25 21.84

XA 178.7+8.4 0.164 4+0.007 8 36.91+0.53 21.91+0.28

2.5 Pae-GP/SAN HIRIESHEEM

2.5.1 KRS CHEALIMIE  SRAGUKREDE R
FEACI 2 Pae-GP/SAN IR /045 € L, i
[F] “2.2.27 Tl 550Kl 3, Pae-GP/SAN [1)°F34%i0
)9 (178246.3) nm, PDI A4 0.152140.0112, ¢
HALN (-1491+1.13) mV (n=3).

252 JEAWEL B Pae-GP/SAN & &, 4K
FRE, WTAERBERSMLE, BRTEE, T&
ST 5% (transmission electron microscope

TEM) NUWETEIRHE, 45K NIE 4. Pae-GP/SAN
S EBRIRGE M, HIEERIIE], KRl 50~250
nm, 5 YKBOEREE SO 25 B — 5L

253 QHEHIRMKLE NE Pae-GP/SAN I E
R E, J7ikAE “2.427 T K. Pae-GP/SAN ff]
AEFN (36.45+2.32) %, HZhEN (21.70+

A
1 10 100 1000 10 000
FifZmm
B
—200 -100 0 100 200
¢ B AZ/mV

[El3 Pae-GP/SAN HURIZ 7 (A) 5 (B (B)
Fig. 3 Particle size distribution (A) and { potential (B) of
Pae-GP/SAN

4 Pae-GP/SAN B TEM
Fig. 4 TEM image of Pae-GP/SAN
1.300 % (n=3),
2.54 faEMEEE JEJFLLEL Pae-GP/SAN T
B J BHRLAR. PDI K C HIAL, J73k[A “2.2.27 TR
¥4 Pae-GP/SAN R TF1 & 4 “C NI, 435l Tk
0. 1. 2. 3. 6 NHUEE, M%EHKi4E. PDIL CHL
PR EZR, JrikF 2227 5 “2427 TR, 4
R HINEE 7+ 8 Fos, U JE A KRDRIAR AN € F
MR ERN, Y5 PDI REMN (P<0.05),
B3/ T 025, BABEFEI 2 HE. T4 C R
6 ™HWN, Pae-GP/SAN i T#EiA 5%, PDI.
C AL B B TC R E RN, B RIFHRRENM.
&7 Pae-GP/SAN ATFHIGHIRIE (X+s,n=3)
Table 7 Characterization of Pae-GP/SAN before and after
lyophilization (X + s, n=3)

T i HifE/nm PDI CHLAZ/mV
HFRT 1782463 0.1521£0.0112 -1491%1.13
HFE 179.0£11.5 0.210 14£0.008 5° —15.6940.47

5T RIAALL: "P<0.05.
*P < 0.05 vs group before lyophilization.
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#*8 Pae-GP/SAN FT# 6 MAAIRIREMERER
(X+ts,n=3)
Table 8 Storage stability of Pae-GP/SAN lyophilized
powder within six months (X + s,n=3)

#H  kifEmm PDI CHAL/mMV =%

0 1924%7.7 0.2168%+0.010 1 —14.97+0.49 21.42+0.16
183.3+10.8 0.216 7£0.019 7 —14.89£0.03 21.67%0.06
179.9+11.5 0.219 1£0.012 0 —15.771+0.18 20.96+0.38
189.2+15.2 0.209 8£0.027 9 —14.891+0.57 20.98+0.27
189.2+13.1 0.228 6+0.010 3 —15.75+0.84 20.83+0.31

AN W N =

2.6 FAHETRSCIG P HEKIAIRAVECH]

2.6.1 K-RZZriREIECH]  FREL 0.37 g CaCly, Iz
B/KHBAEEMG, FREL7.80 g NaCl, 0.35 g KCI,
1.37 gNaHCO3, 0.32 gNaH,PO3, 0.02 gMgCl, 1.4
g MEINE, I EKEBEWE, 5 CaCLiR, &
BE 1L, ADRHESING K-RIER, I,
2.6.2 FAMERBEE K K-R ZilT 37
CHHAE, HATIHER, WERHW, BIETET
VETRIR o

2.6.3  0f M TIA TR OO R B PR IR 24 1 0T R
g i, BT 25 mL B, Bl s EE D 505
pg/mL TR S B, 25

2.6.4 AN[FEGTEWRE S A ERR I H] RS
WA GH., NAF-HEEAMEREGD
(paeoniflorin-glycyrrhiza protein physical mixture,
Pac-GP/PM) #l Pae-GP/SAN & &, H K-R 2l
MR IR eSS, MHREATZH 5. 100 20 pg/mL i)
R R AT 255 (paeoniflorin solution, Pae/Sol).
Pae-GP/PM #1 Pae-GP/SAN.

2.6.5 AL ANEI IR I REIR O S ks
PREXAERLMAAK (P-gp $0HIF)) WlWesE ¥ [ 2 25T 24
MR A 2 (multidrug resistance-associated protein
2, MRP2) i) 771) 1. 1 fi~F- [ 7L B dea i 24 2 9 (breast
cancer resistance protein, BCRP) #I#57) ] i&&®, %
& “2.6.4” Tii ] Pae/Sol. Pae-GP/PM F Pae-GP/SAN
(% 20 pg/mL AT25°H) W RETE iR, AR AERIAK |
W5 e 56 3 AR 284 FEE 2N 100 pmol/L, ]I~ Fr 224 g
N 50 pmol/L.

2.6.6 ALl EIERAECH] YR AR I LR
WS, FEEEWE 200 pL, i1 200 pL HEERG REAL
P, JWJE 3 min, B0 10 min fFEC ISR, & H .
2.7 HPLC EEMBERBHILHIENE
2.7.1 B35 Shim-Pack GIS Cis taifk: (250

mmX 4.6 mm, 5um); JiaAHN CME-0.1% R K%
Wi, BEEEVEML: 0~10min, 10%~20%ZfE: 10~
18 min, 20%~21%ZME; 18~19 min, 21%~23%
s 19~35min, 23%~40%Z}E; 35~40 min,
40%~50%Z i : 40~50 min, 50%ZHE; 50~53
min, 50%~10%2Z.JE; 53~60 min, 10%ZfE; &
R & 1.0 mL/min; #EiE 40 °C; BEFEAARL 10 uL;
Ky K 231 nm; BRI R B DLAS 24 F i SR
T 6 000

272 LEMEER WS ORERME . XIS R
J Pae-GP/SAN JERMR, 7raliefi “2.7.17 Bk
PSRRI e, Rt SR ILE 5, &R
T2 A REROS AT 2 I T T, R 1%
TER R R .

273 LMERRFEL KERI “2.6.37 T
i BRI K-R Z2MBUE 2 B &~ 258 0.81.
1.62. 4.04. 8.08. 12.12. 16.16. 32.32 pg/mL %}
BTV, A0 «2.7.17 TR il AR TIN 5E , il
SRAH B ) i U e T AR, DAZG )R SR A R AR AR
(X)), WA NMALKR (V), FEATLERIA, 1574524

A
B
_1I‘\_»|r J L
ATUH
C
0 4 8 12

t/min
5 ZEBERR (A SHEXNRMER (B) F1 Pae-
GP/SAN R (C) HEREM HPLC
Fig.5 Specific HPLC chromatograms of blank intestinal
perfusate (A), paeoniflorin reference solution (B), and Pae-
GP/SAN perfusate (C)



¢8 % 2026568 $57% B128 Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

* 4589 »

HEARE Y=15 547.0 X+2 575.7, R*=0.999 6,
GEREH], AJEFLE 0.81~32.32 pg/mL LR R
R4t

274 REEEAL KRB “2.7.37 WURATEH
JRERE N 8.08 pg/mL X I Sy, %R “2.7.17
TR O AT E, 1d WPPATINE 6 1R, %52
HoKE%E . IFHEAATZ IR % E RSD N 0.17%,
FINZAAS NG 2 P R AT

275 EEMRK KR ZMBCTATEH 6 4y
20 pg/mL ] Pae-GP/SAN, #%[8 “2.7.17 Wi |4
FAFREATIE, ORI, 45K 2R, RSD N
1.83%, KHZIEELERI .

2.7.6  FeoEEiE HH K-R ZrhilBcH| 20 pg/mL
ff] Pae-GP/SAN, Zr%)F 0. 2. 4. 8. 12. 24 h X
FE, 1% “2.6.67 TURNACEE, %08 “2.7.17 TNk
FAFHATIE , AR RS Ie mAN, FI
e . THEAATZE AR EYE RSD {EN 1.62%,
F A I VRAE 200 TS 24 h RRsE E R I .
277  IMFEREIERIRE A% FEHL Pae-GP/SAN i
R 6 1, IIAFES AT R 100%1A5 25+
SRS, VAT, 101 EERRALER, i 0.45
pm PALUERE, I8 “2.7.17 TR i S 4k HEAT I
E, TCSAH R I AR, T A AT 2 1T
InkE YN (101.37+1.84) %, RSD {H N
1.82%, RIFIZITIAMERIE R LT

2.7.8  FERFEARFIVIERR M %R “2.6.27 TURN A
W AR, “PATHCH 3 47 Pae-GP/SAN i
R (AT EIREN 20 ng/ml), HHEE
T 37 CAKERIEAL, AT 0. 0.25. 2.00h HX
FE, #%M8 “2.6.6”7 UM LG, % “2.7.17
TR R A R AT I 5, 0 AT 24 0 i e 0 Ty
L 3L 0.25. 2.00 h A2 H IETHIFAE 0 min
WEE TR AR ) ECABAE MR A v 53 B, 28 S g R e PR 52
ZERWAR 9, TESLIGIT ], K BRI E R AT 2

®9 EEMBAYERMST Pae-GP/SAN R HHEEMN
®M (Xts,n=3)
Table 9 Effects of enzymatic degradation and physical

adsorption on paeoniflorin content in Pae-GP/SAN (X %+ s,

n=3)
. Tl 4> o5 b /%
Kb 77 1 >
0.25h 2.00 h
Tt o it 100.00+0.00 101.294+0.42 101.76+0.56
YIBERBH 100.002£0.00  99.91+£0.94 100.27£0.69

R EIRE AN T 2%, R ARG AR AT F A
250 1) B B R AN K

VR ANEEK 12 h 1) SD K BRBRIR Je i1y i w28
BIH/NE, BYEHUN BGRHITFBES, BT Pae-GP/SAN
W ER (ATZTH TR B IR N 20 pg/mL), 37 “CK
WHATHIEE 2 h, 49T 0. 0.25. 2.00 h BFHUFE,
R “2.6.6” TR kBRI, TEIR “2.7.17
Tt 2 A ERE, ME B AT S5 AT 258 (g i
I, DA A 5 AT 25 W T AR S 0% 7 04 T AR 1 B A
TERFIRE T BRI 2558 Wk
9, {ESCUGET APy, ATZGH R IR RN T 2%,
e B 0 AT 25 IR PR T 2SS
2.8 KRERBEGEREW

K FEAR B I E AR, W FEAS R RSy
CZE g 1B AR 254 o3 B 2 (54 10 20 pg/mL,
PAATZAHTE) B AR 8 iR CHERimk .
WSIWRSE . FII~F) X 259 RIS I 52 o

SIS RT K ARG AEIK 120, FREFEHTIEH 2k
BIH/NC, SRR EE LML 10 cm, PG
NEERRE, FKERFREEILE €. HiRA4HE
KM S AR RIE, R LLAMT BB R
T ATUNE 37 CRIAFE KNS IE N BV )G,
75 A K-R LA 0.2 mL/min #3715 min P45
B, ZJEH 37 CrIERE, Lh 0.2 mL/min P4 30
min Ji TR, T H O BUBCE O /N
15 EPIER B 1R, FER e NE
SRR R B, SRR 6 1. BERA RGN
KERACFEIHN =R E K ES N T,
2.8.1 WS HITHE SHIEATE R EEEN
FEBR AR AR AT AR, T BRI R
W &K 73, 5 BORE TR AR AR AR A0 45 R )52
Wi, %R o AT YRS R A (K M
HBARBIEZRE (Per) o

Ka=(1—CoutVou/CinVin)Q/mr?l

Pei=—0Q In(CoutVou/ CinVin) 27l
Cin F1 Cour 43 51 NI YU £ i 08 v 45 000 1 43 F) 3R B vR F
(ug/mL), Vin K Vou 53 BN JGHAN BB H AR (mL),
O NNIIER AR (0.2 mL/min), r 1153 HR S8
ISR (ecm) MK (cm)
2.82 KAz BOS 25Uz 3 0l A
o Fn Bl B B R ERR AL, LA 0.2 mL/min fRAAFR &
#EYT Pae/Sol. Pae-GP/PM. Pae-GP/SAN (20 pg/mL,
IATZTEE), FREEEER 90 min. KA E RIAKIE,
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Eb%% Pae/Sol. Pae-GP/PM. Pae-GP/SAN il
TEANIFI R B IF) K A Pege 2557, S5 ILEK 10,
Pae/Sol 5 Pae-GP/PM 1E 75 5 51 i 7 IR i E 2
FHMZER], T Pae-GP/SAN 7[Rl iz W s ple =
W, WSR3 m T B (P<0.05. 0.01). #H
[F iz B, Pae-GP/PM ISR Pae/Sol & A 34,
1 Pae-GP/SAN [WWRISCLE 2 Fllflg B b W25 5 T
R 2T, Ko 55 P 235 T i, W] Pae-GP/SAN
(T R 2 4 T AT 25 IR R

=10 TEBHEF Pae/Sol. Pae-GP/PM. Pae-GP/SAN

SHERREESH (X+s,n=6)
Table 10 Absorption parameters of paeoniflorin in

Pae/Sol, Pae-GP/PM, and Pae-GP/SAN in different

intestinal segments (X £ 5, n =6)

. K/(X104s71)
e Pae/Sol Pae-GP/PM Pae-GP/SAN
7] 2.95+0.51"" 451+1.19" 7.02+1.48
Ei)i7] 2.65F0.13%% 4061 1.24"  9934204"
Pest/(X107° cmis™!)

W Pae/Sol Pae-GP/PM Pae-GP/SAN
7] 2.55140.44"" 3.61+0.98" 6.001+0.93
Ei)i7] 2.11£027% 2964084  884+130"

5 Pae-GP/SAN A Biibi: "P<0.05 "P<001 ""P<
0.001; 15 Pac-GP/SAN 7B AL ##P<0.001.

P <005 P <001 "P<0.001 vs jejunum segment of Pae-
GP/SAN group; P <0.001 vs ileum segment of Pae-GP/SAN group.

2.83  JUEIREEN AR K-R R AC
FIAT 58N 5. 10 20 ug/mL fJ Pae/Sol.
Pae-GP/PM. Pae-GP/SAN JEVIR, VAIRIIz NRE L5
A7, FERARFRAE 0.2 mL/min, FFEHER 90 min.
KHEEERIE, WEAR B ERER Pae/Sol.
Pae-GP/PM. Pac-GP/SAN J7 i it v 7E [ gy B WAL 1)
Ko Al P25 5, 45 B I3 11 AS[F] R B3 FE 1) Pae/Sol
F1 Pae-GP/PM £ [ Jizy B HI W S TG ¥ 2 P 2 5, T v
J B R E Pae-GP/SAN ] Ky Fll Pegy ¥ 25 v THIL i =
WPEAH (P<<0.001).

2.8.4 HHEE A G sgm 450 A
B 100 pmol/L ZERiMAK . W5|W3E 3 H1 50 pmol/L
FI ML P[] Pae/Sol. Pae-GP/PM. Pae-GP/SAN (20
pg/mL, PAATZH T BER, ARz AR s,
EUESE 0.2 mL/min, FFEHER 90 min, KA HE
ERE, AR 12 8 1 #H)55)X Pae/Sol. Pae-
GP/PM. Pae-GP/SAN [ (e [ml i B WS 15
Wi, 255 WAR 120 HERIMEoK. W] WS S AR i 7 2

F 11 FFEFREIRE Pae/Sol. Pae-GP/PM. Pae-GP/SAN
PROHEFNREESE (X£s,n=06)
Table 11 Absorption parameters of paeoniflorin in Pae/
Sol, Pae-GP/PM and Pae-GP/SAN at different

concentrations (X £ S, n=6)

JrEE IR/ Ko/(X10%s™)
(ug-mL™") Pae/Sol Pae-GP/PM  Pae-GP/SAN
5 1.91+0.95 3.37+0.93 5.87%+0.38
10 2.1310.68 3.081+0.91 6.831+2.22
20 2.65%0.13 4.06+1.24 9.93+2.04™"
JR IR Per/(X 1075 cm-s1)
(ng-mLT) Pae/Sol Pae-GP/PM  Pae-GP/SAN
5 1.5240.79 2.12+045 4.78%+0.17
10 1.74£0.51 2.38£0.22 6.60£2.69
20 2.11£0.27 2.96+£0.84 8.84+1.30™"

55 5 pg'mL™! Pae-GP/SAN 4lLb#:: *P<<0.001,
P <0.001 vs 5 png'mL"' Pae-GP/SAN group.

F 12 BILITHNHIFIA Pae/Sol. Pae-GP/PM. Pae-
GP/SAN FAAHHIRKESE (X+s,n=6)
Table 12 Absorption parameters of paeoniflorin in Pae/
Sol, Pae-GP/PM and Pae-GP/SAN containing transport
inhibitors (X +s,n=6)

; Ko/(X 1074571
7
Pae/Sol Pae-GP/PM Pae-GP/SAN
TAHF 2.65+0.13 4.06+1.24 9.93+2.04
HERIMK 4.87£035™ 67710877 12.20+2.89
BIWESEE  3.02+1.04 4.30+1.93 10.05+0.24
) 1~ 2.32+0.55 3.87+1.01 9.63+1.46
A7 Per/(X 1073 cmes™!)
Pae/Sol Pae-GP/PM  Pae-GP/SAN
THHIF 2.11£0.27 2.96+0.84 8.84+1.30
MK 4112098 5524065 9.28+2.32
WIwESEE  2.56+0.99 3.15+1.39 8.35+2.66
F i1 2.17+0.44 3.18+1.17 7.51£0.78

HHAMHIFIA S P<0.01 **P<0.001.
P <0.01 "™P<0.001 vs inhibitor-free group.

AR B 3 P-gpMRP2 Al BRCP 304157 .
IINYERL K 2 J5, Pae/Sol 5 Pae-GP/PM 411 K,
5 PR RE (P<0.01. 0.001), Tfihn AR wBE
EEH5RIMFE, 2 AR IRSEE AR )
AL TE B E %R, @78 Pae/Sol 5 Pae-GP/PM
Al A P-gp A, T9E MRP2 F1 BCRP K& .
X T Pae-GP/SAN #H, 3 Ffffiffil il $5%f H i i I8
BEN, £ Pae-GP/SAN HEASZIX 3 FhabHE
HIZE AR
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29 HARBEHEBREEMIE (confocal laser
scanning microscope, CLSM) T¥{% GP/SAN HY
A IR
2.9.1 P4 KAERKARSI B 50 uL P4 #REF
G (40 pg/mL), BT 10 mL KRt PR,
i XBE IR T, IN 4 mL Z808/K, #8725 min,
FEdhIT 0.8 um FUBEME, RI7E.
2.9.2 P4-GP/SAN [#ii]# HU 50 puL P4 #R%F &
G (40 pg/mL), BT 10 mL KRt P,
18 XU A T, N GP/SAN 16 mg f1 4 mL 257
K, HBE 25 min, FEIT 0.8 um FIBENE, RI1E.
2.9.3 GP/SAN EEBBINIIRIAT AN H K-REHR
B 1 mg/mL P4-GP/SAN JEU, HE 7 ik [F“2.8”7
W, BERSEHE, WNTS UAHNG 18 4 5 B R
W, FAB GBI Lem KR, BT 4%
5 R VA R ] e R, 4 T M K A B S HY

0 OCT i BRI T A, (E AT A
MU AR ATV, D) B E N 10 pm.
WU BT 83 L, BEJEEET DAPI Jefa, fif
i FV3000 Ot LR ERMBEMET F, BAREE
SR B : DAPLBUR P K 405 nm, KAHFHEK
461 nm, 15 5B N B ; P4 BREMEUR I K 640 nm,
R 665 nm, 15 5EUE AL G B FEHET
BEEYG, AT EETEW, SR 10X
B EE, EUEHER PR N 1024 X1 024 B3,
B3 B 38 FV3000 % A 04T B AL EE
SERUE 6 Fi, DAPI G5 S5 0R/Nad i,
P4 /K E K H g U1 R MEL BN 5005 5, K P4
WE IR KB WA =M pE iR RS m P4-
GP/SAN 2 % 7B 1 A1 35 o< A 408 v 375 b R % 380 41
WSS, R GP/SAN fE LA 52 B 45/ H T 2B i
aNi7)

P4 KK AL
100 pm
o . . .

o . .

DAPI

P4

Merge

6 P4-GP/SAN 7E/NFHI S R 1B
Fig. 6 Distribution of P4-GP/SAN in small intestine

3 g

P 3 R ) 4% 9RO I 8 7 — o B
FRW], B e 8 T IR AR T P AR R
SRR AR R =R, FHREARN, HiR
PESGEROT181, Ride . AL R AR 2 R GPRR E
I FEFR . B/VKI4R (<200nm) A1 PDI (<0.2)
ghoRRL, T8 B E R EtE . LA R

PEDOT, A 35 22 0 28, 24 5 B 22 5 i o1 770 1) 24 R00ORH 2
P, $EE B E R EE T EWE A SN &
s, B ZirEis s R iR R EE, PRUESE
ZMZYReg ik B AL,

FEXNTH B8 B BRI FE TR R R R ORI, 24
HEEAMREKRERET 6 mg/mL , HEEAHI
RUUEH, TFE NS — R MKty . kA
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W9 S 1 R AR ) B IR N 6 mg/mL, FEiE
IR R FARIGVERT AT . B R A E DL
TS EGEAT A . S50 FH, LiREmR R
AR RLRAZR RN PDI 3270 0 3 520, {E{ 0 3R Al
WABRRET B MEATZEHHERNYSM, G
R EBEAR RIS IR RS, HA72
B E N 3 mg/mL I, B444 %] GP/SAN A
HmzieE LR, B, @%&E 3 mgmL AATZH =
WRFE - LIRS T R 2R B R B 6 mg/mL g SR,
B PREHEEAHE, SRR, YHEEA
JREWREALT 4 mg/mL B, AR ERESE, £
PABERERK: YHEEARBKREBELT 4
mg/mL B, XFFIEE R 3 mg/mL ATZ5H, BEREN
AR REET S, HEEESEHERIEN, 32
HRE N N T2 KIN, #E
PP IR GRRLI G548, A8 1560 Jf (1) AT 24 ik
7, BT s FE AN AT R i dE . TR R
gE RO IR T S T2 AT R EIRE N
3mg/mL, HEEAREWREN 4mg/mL, AT
FIEEE, EDIE 250 WL HR 50 Hz {264 N
25 min. fTi#4% [ Pae-GP/SAN #if2 A (178.2+6.3)
nm, PDI }0.152 1£0.0112, {HAIN (—-1491+
1.13) mV, BHFN (3645+2.32) %, HHEN
(21.70+1.30) %, Z¥H—RIEREEH . Z71EE
PEREF, T2, Friil&gekhokigis—, 4
JRkaE, R ER .

ETUU L8, WEAs— BRI, Pae-
GP/SAN 1] LUIE 25 $8 i~ 245 8 75 K B4 3 1) IR AR
VIR FERO, T H B W LR AN TE A . AR
B n) HEYR VR H R ATV FH T 2B 5 IR () Rl
THOL, RIS mE L, s, B
PN, 5 AEEA REFIIAHICHERY, Fith, 4505
KT KA 5T Pae-GP/SAN HIM Ttk . 45 5
XU, Pae/Sol 5 Pae-GP/PM 7E %5 %5 [0l g A i Wi,
W B EMZ S, 1M Pae-GP/SAN 7E 1] iz B (W U
SBEMRTEE (P<0.05. 0.01) , iXA[fE5H
BER AR IR R 5 5% 0 YRR 552 50 40 T 51 bk
EHLEAR, BMREERE. T X FE &R
T M 40 (RRasRsanie) Ak, Z99mTimidi%as
FHEAT IR A8, kS i RS AN B PR R, o
M 28 38 v AR R oKk, o 25l BA 2
HEVE 324, #F 5~20 pg/mL (LAAT 2511 B, Ji
IR EXT Pae/Sol 5 Pae-GP/PM W ST i 2

oM, FRAFIZSZE 2444 T Pae/Sol A1 Pae-GP/PM +
UL A B 7 AU R E K Pae-
GP/SAN [ Ky fl P 2 = TR EIREL (P<
0.001) , XUIATERAIKRLZ J5, 2Pz T7
KA, LA IR Ay w s 7 U8

WiB N2 A% ABC #5I2EH, A LLRSI
HiEB 2 I, Sz s 5]
FHIG, TEE R 2GR N A g2l AT Lk EU
T8 N H LI 38 8 3 P-gp MRP2 fll BCRP AR,
F%2 Pae-GP/SAN 32 4MIFFIZ EEE MM . WK
I, MRP2 ] 71H5] I 3& 3 A1 BCRP 4731 771 ) i~
Xt Pae/Sol 55 Pae-GP/PM KM IS A F2m, 1M P-gp
) ) 4 R e K R DA 2 R X A R (<
0.01. 0.001) , il Pae/Sol 5 Pae-GP/PM W] fit &
P-gp MY, 1HAZE MRP2 F1 BCRP (K. 1%
T Pae-GP/SAN, X 3 sl 735 As Hmser A=
20, B Pae-GP/SAN W g A& P-gp. MRP2 Al
BCRP &), X ULEATE KL 2 f5 2P i ia
HAKAEMAE, Pae-GP/SAN W] fgidid HFh 7 s
TE P-pg [MAMEVE FH R3G 254 B i

ACQ ZICHRE BA 7K KM, B HA gk gk
Kily, FTCURHRIGIE S, MYORRIREE, REFRE
B BKETER, F5RE K. I, ACQ Lk
EFaT DU RFRIC ALY T, TR/ RgIRRL R
W4 ia 5 T B A MR L g o2 ARt FiiE It
CLSM W% 5], P4 REFFRICHI GP/SAN WA (55
B /NSRBI LR, 1IESE GP/SAN BELASE#E
ity N E kN BB, X 0] e a2 Pae-
GP/SAN 7" W i s Rl 2 —

gx b, AWK A 2 HOk S 7 —Fh Pae-
GP/SAN, A HALTT Kol 26 T2, I i fEAA 5 [r)
W eS8 S ACQ #R%H KN, Pae-GP/SAN w]id it
FiE P-pg BIAMIENE R, I DUEARTE 207 /N i N A3 T
Wi 77 RIG I AT 255 . B AT A FEAAES))
Y))Z 1% Pae-GP/SAN BB BEAT %, Hl
B FOEAGEIRN, RS @ 2 Fhan o iR, 78
4 g 2 T % 22 Pae-GP/SAN 41 o 5 B 5 #4535 4T
Ny, B E RS, NS e AT A A
VIR R AR S %

FBAR FAVEHFARGEFZFR
SE 3k
[ BWK, B, 2, g - AT 2408 A R

Lh AL 52 B oy S Pt S 0E A AL AR T T[], B,
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