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HERAE G B 542 A % (SMEDDS) 89 & 7 JF 3 s 4 s AR AL o, FEE ) $E 3 T AmA it & BBRPIP R4+ 24 , 4] 13 BBR/PIP-
SMEDDS, 3t 3 2240 i ARSI 4T 4 K AR N 3 At AT K, Z5R BBRAPIPHRB R B A 111, KT A ib4n
(ih B TS ) b 18.54%, $LALH] (2ki2-80) & 52.16% , 1 SLAGH] (JE T =B£400) & 29.30%., 3 KISE S I %7, Fr#F % & SMEDDS #)
FHHE A (1649 +0.49)nm, Zeta w42 A (—16.22 £ 0.77)mV, Z263F 54 0.97 4, 5 FME(0.95 47) 69483310 £ 4 2.11%. AT
BBR/PIP-SMEDDS # 7K &, A % 5L, 4 43 & Kok, 2 MRk, 3442 4 (32.90 £0.38)nm, Zeta 4% 4 (—19.17 £0.70)
mV;BBR # 3 5 4 (90.44 +0.88)%, .25 % 4 (10.18 £ 0.17)mg/g; PIP # L3 5 4 (87.48 £ 1.13)%, #H 252 4 (9.41 £ 0.17)mg/g
(n=3)., BBR/PIP-SMEDDS &% (4 °C )i %, | & & St TAERESF. RN LR E R, 44 R SMEDDS /5, BBR /2 4%
PR T 24 W0 R BRBR T R2R LS T RAH ., KRA%SFHRLREY,BBR/PIP-SMEDDS 9% K & | 25 i th & T @ A7
(AUCo-) % #1 2 JRA 258 4.61.7.07 45 , AB%T A 4] A B h T07.484%., 4518 .25 414F BBR/PIP-SMEDDS , F7 134 | 84 1K M3 AFm
& A R B BRA R BRI
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Construction and evaluation of berberine/piperine co-loaded self-microemulsion drug delivery system

LI Chunmei', LIU Jiawen',ZHANG Xinyuan',ZHOU Changsheng’( 1. School of Pharmacy, Harbin University of
Commerce, Harbin 150076, China; 2. College of Marxism, Harbin University of Commerce, Harbin 150028,
China)

ABSTRACT OBJECTIVE To prepare berberine/piperine co-loaded self-microemulsion drug delivery system (BBR/PIP-
SMEDDS) , evaluate its physicochemical properties, in vitro release and pharmacokinetic characteristics. METHODS The drug
loading mass ratio of berberine (BBR) and piperine (PIP) in the preparation was determined by the everted intestinal sac method.
The oil-phase, emulsifier and co-emulsifier were determined by solubility detection, compatibility evaluation and pseudo-ternary
phase diagram, respectively. The formulation of blank self-microemulsion drug delivery system (SMEDDS) was optimized and
verified by central composite design-response surface methodology with the amount of oil-phase and the mass ratio of emulsifier to
co-emulsifier as factors, and the comprehensive score of particle size and Zeta potential as response value. According to the optimal
prescription, BBR/PIP-SMEDDS was prepared by adding excessive BBR and PIP raw materials under magnetic stirring, and its
physicochemical properties, in vitro release behavior and pharmacokinetic characteristics in rats were investigated. RESULTS The
drug loading mass ratio of BBR and PIP was 1:1. The optimal prescription included oil-phase (ethyl oleate) accounted for 18.54%,
emulsifier (Tween-80) accounted for 52.16%, and co-emulsifier (polyethylene glycol 400) accounted for 29.30%. Three
verification experiments showed that the average particle size of blank SMEDDS was (16.49+0.49) nm; the Zeta potential was
(—16.22+0.77) mV; the comprehensive score was 0.97, the relative deviation of which from the predicted value (0.95) was

2.11%. The prepared BBR/PIP-SMEDDS was an oil-in-water microemulsion, which was a golden yellow oily liquid with a

spherical shape. The average particle size was (32.90+0.38)
nm, and the Zeta potential was ( —19.17+0.70) mV. The
encapsulation efficiency of BBR was (90.44+0.88)% , and
the drug loading was (10.18+0.17) mg/g. The encapsulation
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cumulative release percentage of BBR in simulated intestinal fluid for 24 h was significantly higher than that of the raw drug after

the preparation of SMEDDS. The pharmacokinetic results in rats showed that the peak concentration and area under the drug-
concentration time curve (AUC,-,) of BBR/PIP-SMEDDS were 4.61 and 7.07 times higher than those of the raw drug respectively,
and the relative bioavailability was 707.484%. CONCLUSIONS BBR/PIP-SMEDDS is successfully prepared, and the in vitro
release and bioavailability of the preparation are greatly improved compared with the raw material.

KEYWORDS berberine; piperine; self-microemulsion drug delivery system; preparation optimization; physicochemical

properties; in vitro drug release; pharmacokinetics

/NEERH (berberine, BBR) f& M B R RHE 7 Hh 2 HUW
— PP RS SRS A R , LA R IR | R IR B
SR AFZPAE Y Y, FgTdR t, BBR I ARAE Y FI H BE A
I, AT RE 5 A B 22 (BB MEIRAT ¢ IR, BBR J& P-
Wi 1 (P-glycoprotein, P-gp) AU IR 4 , FoA: Wy A1) F B2 IR
Z P-gp "SI SMNHELE - A S2 0 5 BL 4, i T IR A QI
I IIAEAE , BBR AW FH L8 22 IR PSR 11 R iz i
WY, SAARER (piperine , PIP) J2&: M SHARUBHE )
PR —Fh A AL S B DR AP0 I A RS Bt
Jifsg R R 2 RGBSR AT WFSE4E Hh, PIP fig
A P-gp AMHE, IR B2 Sz 4 Qi O s At R T — 1
TR %5 %5 Al B B2 %% #% [ [UDP-glucuronosyltransferase,
UGT]AM IR, AT 38 20 38 I 24 i s/ b 25 AR g 45
IrECREE R A B L, BRA PIP AT g2
3% BBR HIRA WA FH EE A G& AR

A FL 45 25 & 48 (self-microemulsion drug delivery
system, SMEDDS) 1 254 . H1AH | L4k 5770 F1 Bl 2L 4k 570 20
o SEGRIRIA L, SMEDDS #2258 R 48, ]
TEARPEA b A 3B Bk 427N F 100 nm (7K Gl A FL
T 5 TR B 2700 28 ] e 7 B, T v A 1 24 W T
JE R X VA 1 2 W v A P AL, B ) R T R T
s BT ARSI U A L AR, A 24k
BBR. PIP /Y SMEDDS (BBR/PIP-SMEDDS) , Jf %] 3
kT 2y a2 R e A TP, BT L S PIP B Ak
AR A 5 2R A ok BBR A= 90 FH EEARC ) () 252, Ay J 452
YT RS

1 ##
1.1 FE{ES

AW BT FH 2 B 88 4045 UltiMate 3000 7 =5 2
AH (0,3 (HPLC )X (24 [ Dionex 2 ) ) | Litesizer™ 500 %1
YA B X (B Anton Paar /A 7] ) JHT7700 U
F, R 175 5 L 8% ( H S Hitachi 23 7] ) \FA22048 1 B, - K-
O ARFG 7 st BRI AT BRA 7] ) 45
1.2 FEHRBSRAF

BBR JEUE 25 (b5 20221025, 413 >98% ) Il [ B 7G
IE R 2500 A TR A BR A A PIP RN 2 (i =
20220901, 2l >95% ) W F P4 & A8 ke 2L B AT BR
48] s BBR(PIP % — S J R FY S X B Oy (L5203 oy
B21379.B20516 ,B20322, 4l & 4 K T 98% ) Fl A 7% i
SR (IPM) s Hh = (MCT) Y04 7 iR

TEZED; 2024455 35 45 24 1]

YIRS A FRA AL e By R 4R L4tk (OP-10) (79 —
Pt TCoK BRI A R T R ) Ak 2R A R A w5 il
HETM A BT T A AR B A BRA R 5 R £
B i 3 -80 i i -20 ¥ [ K HETT OGRS 414k T 5T
BIF s EBR IS BRI £ I H M BE (Labrasol®) W H 7 5T AR 3K
AW AR A R R s B 2 200 (PEG-200) . PEG-400
I A R EET BOE AR A R A F s R RGN
okl FA R b ali, AKCh R 4l .

1.3 LI

SPF 2 It SD KB, (R 240~250 g, 4 [ K A& 1l
AC B SIS S EARA BR TR R [SE 50 3h Y A 7= 1 T Ik
5 SCXK (75 )2020-0002], A5 56 28 52 W IRV R b K2
2 2 B 52 09 Bl ) 10 8 25 D 2 it ME (4 5 HSDYXY-
2023055 . HSDYXY-2023054) ,

2 AEEHER
2.1 BBR.PIPHIEENE
2.1.1 BBR/PIP-SMEDDS A BBR [ & 17

FHIHPLC #3005 . LA Welchrom Cis(4.6 mm X 250
mm,5 wm) A GER:, L) 0.05 mol/L iR — S#H- 2.5 (65:
35, VIV) R sh A ; i S 1.0 mL/min; A& 3 K A 350
nm; FE7E A 30 °C; HEAEE A 20 wL. Z5 5 R, BBR (%
BE I I T B 1T, 422 BBR/PIP-SMEDDS H1H: 43 i 43 il
R (GshAl) g, € e R 47 BBRIERIF(Y) 5H
JoT e v B2 (X)) Y 2 Bl 3 5 #22h Y=0.338 8X—0.343 5
(R°=0.999 5) , £k 1 Bl &7 10.00~50.00 ug/mL; 4§ %
A M R tE(12 h) 58 RSD £/ 5.00% (n=
6) , F-IMIFE A1 %4 100.00%~101.00% (RSD /N T
2.00%,n=3) , ¥IFFG & BWTTR2FEH LM EEK
2.1.2 BBR/PIP-SMEDDS 1 PIP {4 & &

K HPLC #3052 . L Welchrom Cis(4.6 mm X 250
mm, 5 pm) A DI BE-K (77:23, V1Y) ik sl ;
PR 1.0 mL/min; K5 U % 4 4 343 nm; MR A 30 °C;
PERER 20 L, 455 W%, PIP (4150518 BT, A2
BBR/PIP-SMEDDS H H 4% 5l 43 F¥s 7 (JE /K £ B8 ) 1 5%
Wi, & JE P RAs s PIP U IR (v) 5 H B vk B (X0 YRk
[FH )5 28 Y=2.213 9X+2.216 4(R*=0.999 2) , & 4350
Fil24 5.00~25.00 pg/mL; K5 %5 B A M FRE M (12 h)
R 1) RSD ¥/ F 5.00% (n=6) , - i k¢ Bl 5 N
99.30%~99.49% (RSD ¥J/\NF 5.00% ,n=3) , ¥ #F & &
T TR SR AR DGR
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2.1.3 5T BBRIUF &=

KA HPLC AR E , (g 2540 ] “2.1.17 3, 2558 5
7, BBR (A5 TE R AT, A2 65 2B 52, 2 )8
PR R4 s BBRUG T AR () 5 FL ik B (X0 etk 10 7
2N Y=0.345 2X+0.148 3 (R*=0.999 2) , Z P70 [l K
0.16~25.60 mg/L; K5 % B A M Fad i (12 h) kg i)
RSD ¥J/NF5.00% (n=6) , *F- XA I 4 99.59% ~
100.14% (RSD ¥J/NF5.00%, n=3) , YF54 & i v
pERe e ALY D
2.1.4 B B BBR IS B

SR HPLC M2, (% 2R IR] “2.1.17 31, 4558 18
7, BBR I I I [ 4T, AN A2 B T (pH 7.4 I B iR
RGP B2, R SR R BBR BRI (Y) 5
7 (X0 /2P |1 7 B Dy Y=0.298 7X+0.113 1
(R*=0.999 4) , ZLHEVER 0.80~80.00 pg/mL; K% |
EE M 2T (12 h)iL5E ) RSD ¥/ 5.00%(n=6) ,
S 14 ] 50 % Sy 98.969%~101.75% (RSD ¥4/ T 5.00%,
n=3)  YFF 5 AT 2 B AR TR
2.1.5  KEUMFEF BBRAY & i

KA HPLC VA A , i SRR “2.1.17 50, 2558
7, BBR 5 AR Of & 368 F RS ) (1) (i e A1
P IR Z NS BT T, L8 M R 47 s BBR 5 VAR
4y g T AR HEAEL (V) 55 BBR TRV B (X)) R 2R [ )5
4 Y=0.551 7X+0.026 3 (R*=0.999 8) , £ ¥ & [ K
0.04~4.00 pg/mL, % & P4 0.04 pg/mL; H PN/ H (14
N e e MR EE RSD 21/N T 10.00% (n=6 5%
n=38{n=5) PTG R IEF B LN ICEK
2.2 BBRIOIPIPEHZARELLWHE

K HH A0 #6321 5 BBR/PIP-SMEDDS 1 BBR il
PIP F#k2 iiE bh o RS B PRI AL B 4.0 g JRR 2041 0.5
g AN 0.14 g BEIR (8N 0.025 g A ALEE 0.05 g, I
T 250 mL 7K, %85 B4 0 ; B AB 45 0.1 g, ¥ T 250 mL
ARHR BB I AT K 3 2 PR ROR S, T A
B 0.5 g, oo, B &G 0. 43R % FREUBBR
JURFHZA FT BBRHPIP J5REZY , DL 5 S A ¥ 71, 75 100
mg/L ) BBR I FP & B L4 R 2: 1,101,112
FITR A IHATR (BBR ik 444 100 mg/L, PIP Jii vk
435119 50,100,200 mg/L) .

24 HREUFHHLS 4 BBR JFUREN24 40 #1 BBR+PIP A~

L6 . BBRI#Z
L4« BBR-PIPEIH

1.2

2.5

0
o

(
O/(ng/em*)
& 5 L

=3
13}

029 '

o
-
=)
=

[ e b (2: 1.1 1. 1:2) %W, B2 6 o SEdmi, R
FUASE OREEIK 12 h, SRR FT P I s, B -+ — 48
W 25 B i (K 2910 em) o £ B & 2R 5 B
B, —u FHFAREHLE 5 —um A IR B e LR,
il BV AR EE . m MmN AZ A5 2 mL
Je AL B A A R A 20 mL AYIRAE
I3l A TRA SR (95%0.45%C0.) ; ¥4 B T 37 °Ck
W E 205 T E 30,6090, 120 min B M 2E Py HX
F£0.3 mL, [RIEFRMIN AR AR 2 S 20 B it
[E1) 57, A (AR it I VR 0 ) T 1.5 mL 505 v o et
300 wL, i@ HEIE A 3 min, LA 8 000 r/min 25.0> 10 min, |-
T, BV B R SRR . $5°2. 137 T 7 ik 22 i
FE S BBR W BT v B 30 AR AN [R] B ]

CV, + "zlchz

i=1

AN TR fig B B B T AR IR LR (Q) : 0= y

[, GRS n AN IBORE A5 BT AR (1) BBR MR85 Vo
ZHEGRBEARF(2 mL) 5 V. WEFEAAFR(0.3 mL) ;4 I
TR, g5 (E D) B, 5 BBRIFEEZY A, 5 PIP
J& , BBR [ O (B Y945 BT 14 i 5 4 BBR 1 PIP 1Y i & [ N
1: 1, BBR7E4& W B 1 QB4 B ey , 50FF W & o i L
iR L1,
2.3 SMEDDS & HF MR B EELE

K PR 2R S 5 6 45 SMEDDS 9 i Rk E 17
i 1
2.3.1  HERRYPIIE
Wit & 0 BBR M PIP J5URHZG (it kb 1:1) , & T 2
mL 508 43500 A 8] 4 3 A (TPM 3R 2 g
MCT ., AU A% 9l ) L LAk ) (OP-10, it i -80 | it 3 -20
Labrasol”) . B #L 4k 7 (7§ =% . PEG-200 , PEG-400 , JG
KOBE) BB E N1 g, WE5 min J5 , # A (B4 40
kHz, 2% 120 W) 40 min {#f BBR . PIP 743 ¥ fi# , 7 LA
10 000 r/min Z5.0> 15 min; B VS MRG0 “2.1.17
“2.1.2750 )7 200 2 W BBR (PIP [ B VR I, 145
GBSO W AE AR R AR S R . R
AT E 3K, 5 AR BT 4{H . 2565 BBR \PIP ¥ i i
P S 45 R (3% 1), A 53 8 K Yl A R R T R < TR
MCT, ZLALH Ayt Ji-80 il Labrasol® , B FLALFI R oK 2,
M . PEG-400 1 PEG-200.,

O/(pg/em?)

0.5

30 60 90
i /min
A i8

120 30

E1
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x1 AYEARHBHRRE (mg/mL,n=3)

4 i
B b m o
Rt IPM 0 0337
MBS 0138 7400
MCT 0.101 0079
iG] 0 0.127
A OP-10 0349 0.139
ti-80 0537 0.115
it5-20 0109 0.100
Labrasol” 0999 0486
[ER 4] A= 0731 0258
PEG-200 0643 36.386
PEG-400 0879 18499
TR 1.058 30558
2.3.2 JWAHFNFLAL AG PR

H“2.3.17 350 F 8 2 A AR AN ZLAL ), F 37 °CTF H
T 3 4 FH 4 53 K P e B b 1:9.2:8.3: 7,416,
5:5.6:4.7: 3105 FERE P FE A K Gl AH+ZL AL
5K B F ok 1:100) , URER AL BH 2 10 s LA
li4] , # 4 SMEDDS 4544 ] 73 A o XoF vt A - L Ak 57 A AN [7]
A ATH BN FRAEN N ——A G R TE T I
o2 W O FLCE , FLAL AT 1] <3 min; B 9K : I FE RN
ZT AR, FLALIT ] <3 min; C 2% - NAE A E
WV, FLALASTR] A 1~3 min; D 9% : R ¥R 1A TR Y
TR AT, FLALAT R >3 min; E 4% : MR H— B
I P, FLALETE >3 min"" . 255 (3R 2) BUR, Y
fifi I TR —ZLAR R, TR 2 TR -5 L AR R A A 25 1 TR 4
4 {uft T [ — b AR B kUL -80 S A B A A TR A, 45
B 1, B T R TR TR, FLAE ) i iE-80,

x2 ARHEBMIALFESEIENZNER

SRR

i Al 119 2:8 37 4:6 5:5 6:4 7:3
WA -8 A A A B B C C
Labrasol” C C C C D D D
MCT I -80 A A B C C C C
Labrasol® C C D D D D D

2.3.3  BhFLALGHIATESE
3 91 181 5 FL AR R - B 2L AR 590 B e b (LR i AR
“Km”)2:1.1:1.1:2, i 2] 5 B sLAL R+ B FL AL R 5

AU i L (9:1.8:2.7:3.6:4.,5:5.4:6.3:7,
2:8.1:9)IRAT, B IMAIK , Wigg [ FULE O, A
[] B L4k %) (PEG-400 . PEG-200 . JC 7K Z ) T 41 25 14
SMEDDS (1)t = I &, 3F LIARIE B FL AR DX 8 1 AR
(P i A 1 1 D30 R/IN b g A 1 e B L AL
HIRPE . G5 (R 2) W Vs A B S o vh SR B P i
IK CBEAEARZLACI R P i RN, B ZLAR XA R
KA /MK IR A PEG-400 . PEG-200 . TG /K 2 , ik 5 44 ff
& B FLAE I PEG-400,
2.4 SMEDDS & AWK 2 i it- S E Ll

SR FH AL A T =A% T S 56 X6 45 11 SMEDDS fg4b

AT
2.4.1 B ITT-A800 TH FL

HR A “2.37 300 T FRL LA R A e 45 28, AR 3 ()
Km i (X2) HH 2, LIKIAE (V) Fl Zeta A7 (Vo) FUZEA T
SF1Y, Y=(200—1Y,)/200 X 50%+Y. 44 %+ /H5 K HL o7 4
{H X 509 7 i 17 {FL (200 Ay A< 52565 15 8 (1) e HORr 42 PR
BEO) R B SR - R AR A Ty . AR R
57K AR 3, S 2 HE S A R Wk 4,

3 BRI RNEXREHNEZSKE

sa Xil% X sa X% X
—1414 1000 0.50:1 I 1854 178:1
-1 1146 072:1 1414 2000 200:1

0 15.00 125:1

F4 BRIGIT-SNEEEHNRESER

5 X% ) i 1/mV VA
| 1146 072:1 2466 -99 075
2 18.54 072:1 46,86 -135 080
3 1146 178:1 1503 =36 057

4 1854 178:1 1861 -160 095

5 1000 1251 1387 -1 053

6 2000 12501 27,00 ) 086

7 15.00 050:1 5092 -141 081

8 15.00 200:1 1627 -108 080
9 15.00 125:1 2050 -97 075
10 1500 12501 n1l -105 077
1l 15.00 12501 2181 ~104 077
1 15.00 1251 208 -107 078
13 15.00 125:1 361 -96 074

0 0.25 0.50 0.75 1.00 0 0.25 0.50 1.00 0 0.25 0.50 0.75 1.00
R 21 R 2.0 TR 2 I
A. PEG-400 B. PEG-200 C. Tk %
B2 AREBZELFIETHZ= B SMEDDS #th =Tt E
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L) Design-Expert 13 3K 70 Hr & 4 258, LL Y 43 5%t
XX AT I B G , 15 Y=0.762 0+0.112 2X,—
0.005 5X:+0.082 5X.X.—0.029 2X,*+0.025 9.X,’(R°=0.986 6) .,
Jr 220 Bt (32 5) ki BRI P{E/NT0.000 1, 3
IR RIS R R PEK T 0.05, B AR KN
PRIZ T/ BERAT 3 Y 1484k
#5 BRIZIT-MEEXLENAESINER

*ih Fih Ll 57 F P
fRR 0.1401 5 00280 103.09 <0.0001
b 01005 1 01005 369.76 <00001
) 00002 | 00002 090 03753
)oé 00272 | 00272 100.17 <0.0001
X2 00059 | 00059 2169 00023
X 00047 1 00047 1.7 0.0043
ThE 0.0019 7 00003

JRIVI 00008 3 00003 102 04736
iRz 0.001 1 4 00003

K H Design-Expert 13 {422 il 35007 1 & , 285 25 (&
3R, X X WA BAE W S o SR A Design-Expert 13
AR A ok 3R 52 25 1 SMEDDS H e 1t
b 7 25 18 R i A FH 4 18.54% . Km B 1.780 ( LAk 71 R
52.16% , WIFLALHI M 29.30% ) , Y TRINIE 9 0.95 43

1202227,
0.6
777

0.72:1.00 11.46

3 XX XEERNZHXNHEE

2.4.2  FARAL T IR

FEHR“2.4.17 300N S Pukb Iy il £ 341t 25 11 SMEDDS,
WM 52 P 2 0k 42 4 (16.49+0.49) nm , Zeta HL {37
(—16.22£0.77)mV; Y 1 0.97 43, 55 T 1 114 KH X6 2
H2.11% AR PTG B, e A T AT
2.5 BBR/PIP-SMEDDS H4l& 5 REEH
2.5.1 s

Fi 2. 47 T S LAk 75 BRI AR L FLAR A B 3L Ak
F B FLARTR R B FLALFRNR &35, B A A FE Y
2], B 15 %5 1 SMEDDS; 76 g 1 it #E T, 1 &5
SMEDDS H il A ft BBR \PIP J5UR} 25 (Bt b 1:1) , 4
$¥ 15 min, 88 7 (5 % 40 kHz, 2% 120 W) 40 min, T
37 °CRME A 4 h )5 B2 W AR, RIS BBR/
PIP-SMEDDS,
2.5.2  ANULFIOE 25 M85

Hde“2.5. 170 J7 ik 6145 #9251 SMEDDS 1 BBR/
PIP-SMEDDS, %} — & #4174 WAL ES ; i “2.6.17 Wi
J7 B 1459 BBR/PIP-SMEDDS , JH /K i J6 J i fin 22 k¥
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b BRSSO, TR R TS, (S S s
WAL S o 455 8K, 25 11 SMEDDS h & # (1
W& , BBR/PIP-SMEDDS 4 4 B (7 JHPIR A 5 355 5 fL %
(" 4)F ,BBR/PIP-SMEDDS & [ BRAIR , BB 1438, T
%

o J

A. 100 nm ¥LEF B. 200 nm #L#f

El4 BBR/PIP-SMEDDS HJi% 5B 55
2.5.3 AL S5

FIH G AT A5 A UL “2.5.17 30T ik

45 i BBR/PIP-SMEDDS, 73 T 2 N Betr v, FH/K
FE 10045, 23 BN ANE F S 0 Gkt RR PR Ykt g H:
YetafFil . S5 (E 5) Wow , W S (Z8) I3 Hos &
PeTF 9P (F) , % B]3% BBR/PIP-SMEDDS 4 7K .31
AU

5 ¢ FREILFN R4 7 BBR/PIP-SMEDDS H1 3~
BR

2.5.4 KA H Zeta H A7 I E

B “2.5.17 31 F Jr 45 1 BBR/PIP-SMEDDS, H
IRFRRE 100 Fi5 ), foff FH AN KR E (S {0 2 HoR AR 2250
PR ER Zeta LA, o AEAPATREIN 3 UK . 4525 (1K1 6)
17~ , BBR/PIP-SMEDDS [ F- ¥4 %7 4% 4 (32.90 + 0.38)
nm, 2 4% B PE 45 B0 R (18.76 £0.55)% , Zeta HL {37 Ky
(—19.174£0.70)mV.,
2.5.5  ALERRRERZY A E

Hd “2.5.17 WK J5 ¥ 1 45 i) BBR/PIP-SMEDDS 1
g, FHEE ] (BBR [ “2.1.17 3, PIP [] “2.1.2” 33 ) % ¢ 500
RS I A3 B R 2,117 “2.1.27 W R Jr il aE , 15 4% A 24
Y. BEARFEE, LA 5 000 r/min 50> 10 min, I
AR LR U8 BUEW, B IR 2,117 2127 R
DB A 2y iR DL AR R
KB 25 AUBER (%) =W/ W X 100%, #2458 (mg/g) =
W W[ 2, Wo k25 11 SMEDDS 14 5t 12 (B AH . FL Ak
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El6 BBR/PIP-SMEDDS HJ#7{2 %0 Zeta BB {1 5%

I B FLAR T ) 5 i 2 D) A2 ) T SR, WA
2 S, WO ] FEAEA TR 3 YR . 4
7%, BBR/PIP-SMEDDS H BBR [ 435 %4 (90.44 +
0.88)% , # 25 & 4 (10.18 £ 0.17) mg/g; PIP iy 40 %k
(87.48 £ 1.13)%, 2214 (9.41 £ 0.17)mg/g.
2.5.6 WS E NI FE L
Hd“2.5.17 W1 J7 k6145 1) BBR/PIP-SMEDDS, 47
STE 2 /AR (4 °C) BEGTCE AN [FI B E] (0~3 4> H ) B
124 10 000 r/min B5.0> 30 min Ji , % 8L HAM L kL2 B
BBR AL EF R ARG 5 43 BT LK R i 35 W AN [ 3%
E(10~2001%) J5 , HE LA KA B A FLALHT R] AR
EREOL . BAS SR TATINE 3R, S5 (RO AL T)
7 , BBR/PIP-SMEDDS 7 I il i 't 5% 4 7 il & 0~3 4>
FRTESOA T BReE HE33 4T ¥R W25 b i 5 B
R B 35 0, BBR/PIP-SMEDDS (4 AAE | i
A TR, A FLALI R) 5 504 6 5 2K i i 3
HYHRE 100 f50F, A FLALE [R50, 2 BH AR R Ak R
T RRE MR
%6 BBR/PIP-SMEDDS EH{ER B LESTEEN
SR (x+s,n=3)

I Alksl A Fithm  BBRALHE%
St HEM SR, AT N8I $928£162
HE 1A SRETMRTIE, T 33024028 88.28£3.09
EA SHETRTIE, T B08E074 8517109
& 3IH ARG, ATl 3281101 80.17£2.09
Gt HEMA SR, LA 07£100  89.034095
& 1A SRETRTLIE, T 187H087  88.66£2.08
HE LA Sw G, T 0651058 87551234
HE3IH SR EIRTE, T 3B47E048 8745422
Hi 10000 min 503 0min A EEIREE, BT 0754050 8798+ 119
R7 BBR/PIP-SMEDDS B &MU TREMSRE
R(x+s,n=3)
HBE A HifRfm EERE
10 FEE, A 3426046 26.63+0.89
50 HEEN, A 32501058 25324085
100 B, A 3209046 23.16£0.06
200 EEEN, AT 29064071 25824065
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2.5.7 RAMNERUEF L

4 “2.5.17 W0 F J7 il 15 (%) BBR/PIP-SMEDDS ifi
12 (LA BBR 11 20.0 mg) LA 2B HrasHh , A & Bl
Ji 80 mL FBEAR 1, 7E 37 °CaK Y H LA 100 t/min F 3 R
PeFE , 4y WI7EM & 0.083.0.167.0.5.1.2.3.4.6.8.12.24
h B EORE T mL (] B I 0 45 3 S AR B A B A I ), 2o
UE L 2. 147 T Jy 0 2 BBR 1Y i, IR R
BEAICE %, il BEch 26 . BUBBR Js k24 20.0 mg,
TR A 5 o) TR B, 4% B TR, TR
GIAAITHE BB A 7% BEEIRA %=
c v, + nzlcyz
*zlx 100% [, C, o 56 n A HURE S5 RTiA5
1 BBR M B 5 CoNER i (i<<n— 1) HURE S5 A3 1
BBR JI i B 5 Vo B AR V. BRI T 5 m oy
BT AR ], BRI 6 1K .

(K 7) W, BBRIFURHZFE 5 h il L2 B4R
A,5 hJE B EEALE L, HAE 6 hif i) RBUR i A 4%
g (47.02+0.33)% , 5 H 24 h (i B BB LA 4> K
[(47.09 +0.37)%]4H>Y , $&/~ BBR JFUR 4] i R 24 25 2R 4
2 ;1M BBR/PIP-SMEDDS 7EHij 6 h N FS i B ikt , 76 6 h it
1 BB 43 2 T34 (85.62 + 0.67) % , Hilpe K EFR:
TCE 53 4 (90.78 £ 0.37) % , 2 W BBR/PIP-SMEDDS f¥]
Fe2510 T BBR J5RIZY
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20 —=— BBR/PIP-SMEDDS
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5 ] /h
E 7 BBRE#Z5 X BBR/PIP-SMEDDS {912 4 5% 5 i
Z(x+s,n=6)

2.6 BBR/PIP-SMEDDS 7k Rk NI ZA B F AR
BUKRL12 5, BFLS> > BBR JEURE24 40 Fil BBR/PIP-
SMEDDS 41, 5216 H ., KELWATEEE A%E/K 12 h
J& 73 i BBRJFUBFZ 4% 2.5.17 W0 J7 i il A 1Y
BBR/PIP-SMEDDS 40 mg/kg (LA BBR fi it , # &5 %
A SCER i ) o A T )5 0.25.0.5.1.2.3.4.6,
8.12.24 h B FHRAE J5 # ik AR 1M 0.5 mL, B T &R BT
BEEOA T, L6 000 r/min 2.0 5 min, HUJZE MK 200
pL 1.0 pg/mL f9 X%k — F 2 628 v (DL o
#1)50 L FH EBE600 L F 2.0, i iEIR ) 5 min,
250 10 min, B EIE W HE T 2R HI WS AH 100 pL &2
W, M E R 2] 5 min, B0 5 min, B IV WK 20 L 3%
“2.1.57 TR J5 il E MR A BBR A TR VR . SR
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FH DAS 2.0 814, I 250 i 28, 1155 25 3h 4 S50 0 46
2yt £ T AL (AUC) X5 B s i) (MRT) 74 B2
T () TRV E] (fa) DBV B (o) RS A 4 )
FE(F)]e 455 (E 8 fIZk 8) i , BBR JiURH24 iy M i 5%
#: ,BBR/PIP-SMEDDS 21 K Fil {4 9 BBR 9 . l AUC, -,
392 BBR JFERI 2541 19 4.61 . 7.07 4%, H.AJ 7E 24 h P #
RS s ol 707.484% , 3 W BBR/PIP-SMEDDS £ 5
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8 BBRE#!Z5 % BBR/PIP-SMEDDS 7£ K R & HY
Rt (x £ 5s,n=06)

%8 BBR/E#}Z5 % BBR/PIP-SMEDDS 7£ X B & R i

BB
25 BBRJ 154 BBR/PIP-SMEDDS4i
AUC,-/(pg-himL) 1069 7563
AUC,—./(ug-h/mL) 1278 9389
MRT,/h 8347 8916
MRT, ,/h 13.186 14956
tsh 9,634 11117
funh 1000 2,000
o (pg/nL) 0.142 0,654

3 Tt

WA AP 25728 K R4, BBRJE T IV K254, 17
FEVE AR EE 22 A= W) ) FH BE AR A5 [R] 8T, KRR T BBR Y
Il S IS A Y7 R . SMEDDS i FH ke £, 32 X 15 1 1
IKAEVEL ) LA BGE 25 s g BEAR B ) R, FoEAs i,
BBR W) H ) 3% P-gp FIUGT HY520 , PIP E g P-gp Fil
UGT (3 IF] , 7T i 2 B e v 25 M i L R RES
AR A 38 o PSSR S, 2 BBR 5 PIPIR G 5, W9
(B RS NR , HERAT B9 IR A & IR HA AR A )
AR AN FE R IR, LT I, AR 9T B £ PIP/E
BBR 1 4= 4 1] F B2 384 5857 , % BBR A1 PIP 2 [m] 1 2% T
SMEDDS 1, A #ek 3% BBR (1) 1 iR A= W A

ARTIF 5 2R F 4 0 i 2 3 1 2 BBR 11 PIP A9 2% 24 it
L, 45 R, 5 BBRIERHZGAH LG, %50 PIP 5 BBR 7E
ANFE BB Q (EF4A g, 291 PIP HA {2 F BBR %
WSR2 BBR 5 PIP #R2 Bi it b or il 1:2.2:11
i, BBRAEAS I B T i O (ESAIE T 4R i e ok 101
B OfH . 3 A JE R ] EJ2: 24 PIP vk J s AR, X
BBR A4 i M HEVE P AT A B (E, DA i B I A
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AN K 1215 4 PIP VR FE 3 =5 B, AT BB X BBR MRS A=
SEAHMEIVE R, DT 23 1 B BBR F SR AG IR, 5
Tt , A0 K BBR FI PIP Ak 25 it LU s 1: 1,

AT o B 2R S B0 A E 25 11 SMEDDS il
2, P g R AT T AR T A o L e LA T ST
1% < Tk Il AH) 5 18.54% it -80 (FLALF]) i 52.16%
PEG-400 (BFLALF) 15 29.30% ., 4 Eikkb Ty, R AR
P14 o 1 BBR (PIP JFUR}F 245 /il 2245 [ SMEDDS H7,
R145 BBR/PIP-SMEDDS ., £ # 7 T. 2 AL i B PR 24 512
g d A & B, BBR 7RSS ST AR AL AL v A v e
o AR B RSCR I AN, 3X 0T R 5 A o T it
K IFATARGr b 5 FL AR A G

HLAE 5P A 45 R R, AR B 58 T il BBR/PIP-
SMEDDS A 7K A i R , by 4 v (A HPIR A4, 12
[BIBRIR H 4380 TORE , FHRAE R (32.90 +0.38)nm, £
I PETE $ M (18.76 +0.55)% , Zeta HiL {37 Ky (—19.17 +
0.70)mV (n=3) , FEE > FHR M T Y HA b1 2
FRE R, X T Re AR I HE R UM BEAE AR 0
FIBES (T 4 (R RS 78 R 25 1 2 11 4 790 1 7L -80
GRS PR 55 VI b 132 sh A B T AR
KM ) A X, 1T BBR HI PIP S5 BRI AE
WA [R]TC E 25 A R R T 2 SR SR AR R 45 F T i
T, 255 o AR (4 °C) G A& T Al B s AR
FE B A, X 0] fEJ& K ) BBR/PIP-SMEDDS 7
TRIRAA T RE 5 A g

BBR (1R WG T 2 & AR /N ORI S
pH7.4 I BERR R 28 MR AF Ry BRI Jot AR AU W B335 -
IRAINBE I S 5645 5 755, 55 BBR JEURF25 41 1L, BBR/PIP-
SMEDDS 7£ 24 h i ) B BRI B 2R 5, J R
BBR Ji 8} 2 1 i SMEDDS i , Hoys i s 159 3] 7 ok 3% .
2y 3 2 90 6 45 R R, BBR JEUK| 25 il BBR/PIP-
SMEDDS 7 K FRUAA A I 24 5 fih 4 19 2R A | 3 AT R 24
Y1) 43 A L T ORI B 46 2084 G 5 B4, iR T e
SMEDDS (RN B 24517 5%, BRI AR S, 7K
AH Y BBRSEHEHLIAML I, Bifi 5 v A H ) BBR 2218
HEA ML, TR B804 . BBR/PIP-SMEDDS 9 Cos +
AUC,,,AUC,. 34 5 F BBR J5 R 25, F, ok 707.484%, iIE
i BBR/PIP-SMEDDS fi§ . % 2 = BBR 1) 4= ¥ F| F £
[}, BBR/PIP-SMEDDS ) MRT . £,. %)% BBR JfURl 2545
—EPE R B K , SRIMRE LIS ST N

ZE LTk, A 5 i 2 il 5 BBR/PIP-SMEDDS ; it
FERIFR AR —  FEARIR (4 °C)BEE B IR BT
T MUY, RSB HOR A= 0 R F B 2418 BBR SR 47
BRI FEJG L5 5 v, AR 4 X BBR/PIP-
SMEDDS f§%ia ML AR N 25547 S 2850024 55T R IR
AMIFSE, 7 BBR il 55 A BIF & $ A 14 JEL
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