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R AT G B 542 A % (SMEDDS) 09 & 75 JF 3 s 4 s AR AL o, FEE ) $E 3 T Am it & BBRPIP R4+ 24 , 4]/ BBR/PIP-
SMEDDS, 3t 3 2240t i RSN 4T 4 K AR N 2 3 At A7 5 5K, SR BBRAPIPAHR B R B A 111, KA T A ib4n
(7hBE L85 ) b 18.54%, SLALA) (2£i8-80) & 52.16% , 81 $LALA) (B T =82 400) & 29.30%, 3 RILIEEIE R 5, 732 & SMEDDS ¢
FHE A (1649 +0.49)nm, Zeta w42 A (—16.22 £ 0.77)mV, Z263F 54 0.97 4, 5 FME(0.95 40) 6948331/ £ 4 2.11%. )
BBR/PIP-SMEDDS # 7K &, 7 2 5L, 4 23 & Kok, 2 MRk, 3442 4 (32.90 £0.38)nm, Zeta 4% 4 (—19.17 £0.70)
mV;BBR # 3 % 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 )it %, | & & St TAAEREAF. RN LR E 7, 4% R SMEDDS /5, BBR /2 4%
PR T 24 W0 RBBR T 2R L5 T RAH ., KRA%SFH TR AV, BBR/PIP-SMEDDS 9% K & | 25 i th & T @ A7
(AUCo-) % #1 2 JRA 2589 4.61.7.07 45 , ABxT A 4] A B A T07.484%, 4518 .25 414F BBR/PIP-SMEDDS , F7 34| #| 84 1K M3 Am
& WA 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

/INEEGE (berberine , BBR) J2& M\ B FERHHE ) Hh £ L 1Y)
— PP TR S WA OIS A W, B RIS | b e
JE S AE Y Y. WF9EHE Y, BBR I IR AR 0 A FH BE A
I, AT 5 O A B2 25 BB PEAIRA O ; [R]I, BBR 2 P-
Wi 1 (P-glycoprotein, P-gp) AU IR 4, FoA: Wy A1) FH B2 2R
% P-gp A AMIEAE T A 520 5 e o, i T I A
IIAFAE , BBR A W1 FH RS 30 52 IR FHEES 1 IR e
WY, BRI (piperine , PIP) S NEHBURHE )
FEIA —FhAE YA AW B RO A8 R 58 BT
JiRE B 2 RGP SEME T, BESEAE L PIP g
A P-gp SMIE, 6] I 2 A ARG AR L mE IR — %
T2 4 % W 5 R % #% [ [UDP-glucuronosyltransferase,
UGT] 055, W 3 2 164 1im 24 4 W Mg s /b 25 ) AR 25
J7 2RSS E 2R A MR HIEES PRI, R4S PIP AT RE S
5 BBR A= 900 RS i A RG&R AR

A FL 45 25 & 48 (self-microemulsion drug delivery
system, SMEDDS ) H1 254 i AH | LA 550 Fn Bl 2L A6 5 20
Mo SEGFITIA L, SMEDDS A 124 Fa 8 R 48, ]
FERMEA B A SE BURAR /N T 100 nm A9 7K AL 70 B 7L
T [R] IR, 32500 Y o o T B0, A 4 v X Ve 1 24 00 )
JE B sl 25 W B AR s, BT R B 0 I
S BT, A SEE A A L AR, A Sk
BBR . PIP /) SMEDDS (BBR/PIP-SMEDDS ) , Jf X H: #f
PEVEDT 25 32 R AT VA, B i S PIP IR HI ARk
AR 2R g BBR A4 ) BE IR A4 ), O 45
YT RIS

1 ##
1.1 FEES

AW BT FH 2 B #8445 UltiMate 3000 7 =5 20
AH (0,3 (HPLC )X (24 [ Dionex /A ) ) | Litesizer™ 500 %1
Y BE L 74 (B R Anton Paar 23] ) \HT7700 AU
F, R 175 5 L 8% ( H AR Hitachi 23 7] ) \FA22048 U B, 1~ K-
O ARFG P st BB A FRA /) 45
1.2 FEHRBSRAF

BBR JEUE 25 (b5 20221025, 413 >989% ) Il [ B 7G
IE R 2500 A TR A BR A A PIP RN 25 (it 5
20220901, 2l F >95% ) W F P4 & A8 ke 2B B AT BR
73] 3 BBR (PIP G — F AL 2 FE ) B (L5433 o0
B21379.B20516 ,B20322, 4l & 4 K T 98% ) Fl [A) 7% i
SN TR (IPM) s Hh = (MCT) Y04 [ iR A4

TEZED; 2024455 35 45 24 1]

YR A FRA A e By R 4R £tk (OP-10) (79 —
Pt TCoK BRI A R T R ) Ak 2R A PR A w5 il
HETM A i BT T A AR B A BR A R 5 R £
B 0 3 -80 i i -20 ¥ [ K HETT R EOR 414k T a5
BT s EBRIS BRI £ B H M B (Labrasol®) W [ 7 5L AR 3K
AW AR A R R s B 4 200 (PEG-200) . PEG-400
P A R EET BOE AR A R A F s R RSN
okl AR b ali, AKCh R 4l .

1.3 LI

SPF 2 It SD KB, (R 240~250 g, 4 [ K & 1l
AC IS S A BR DA R [SE 50 3h Y A 7= 1 T Ik
5 SCXK (75 )2020-0002], A5 56 28 520 W IR R b K2
2 2 e 52 09 Bl ) 0 8 25 D 2 it oE (4 5 HSDYXY-
2023055 . HSDYXY-2023054) .

2 AEEHER
2.1 BBR.PIPHIESEINE
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 MR — EU#H- 2.5 (65:
35, VIV) R s A ; i S 1.0 mL/min; A& 0 3 K A 350
nm; FE7E A 30 °C; HEAEE A 20 L. Z5 5 R, BBR (%
BEIE I T B 1T, 422 BBR/PIP-SMEDDS H1H: 43 i 43 Fil
R (sl g, € e R 47 BBRIERIF(Y) 5H
JoT e v B2 (X)) Y 2 Bl 3 5 #2ohy Y=0.338 8X—0.343 5
(R°=0.999 5) , £k 1 Bl & 10.00~50.00 ug/mL; 4 %%
A M R tE(12 h) 58 RSD £/ 5.00% (n=
6) , F-IMFE a1 24 100.00%~101.00% (RSD /N T+
2.00%,n=3) , ¥IFFG & B W 2B LM ZEK
2.1.2 BBR/PIP-SMEDDS 1 PIP 4 & &

K HPLC #3052 . L)L Welchrom Cis(4.6 mm X 250
mm, 5 pm) A DI BE-K (77:23, V1V) ik s ;
PR 1.0 mL/min; K5 U % 4 4 343 nm; MR A 30 °C;
PERER R 20 L. 55 @R, PIP (kI8 IE B4, N2
BBR/PIP-SMEDDS H H 4% 5l 43 Fs 7 (JE /K 2% ) 1 5%
Wi, & JE P R As  PIP U IR (V) 5 H B vk B (X)) YRk
[FH 528 Y=2.213 9X+2.216 4(R*=0.999 2) , & 4370
[l ok 5.00~25.00 ug/mL; K5 %5 B2 H A2 1% FRE (12 h)
I ) RSD ¥/ F 5.00% (n=6) , %X il k¢ Bl 5
99.30%~~99.49% (RSD ¥J/\NF 5.00% , n=3) , ¥ #F & &
T TR SR DGR
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2.1.3 5T BBRIYF &=

KA HPLC VA E , (g 2540 ] “2.1.17 3, 2558 5
7, BBR (A5 I TE AT, A2 65 2B 1 52, % )&
PE R4 s BBRUG AR () 5 FL R B (X0 etk 10
&N Y=0.345 2X+0.148 3 (R*=0.999 2) , Z P30 [l K
0.16~25.60 mg/L; K5 % B A M Fad i (12 h) kg i)
RSD ¥J/NF5.009% (n=6) , *F- XA I 4 99.59%~
100.14% (RSD ¥J/NF5.00%, n=3) , ¥F5& & i v
pERe e ALY D
2.1.4 B B BBR I B

SR HPLC A2, (% 2R IR] “2.1.17 31, 4558 18
7, BBR I I I [ 4T, AN 52 B T (pH 7.4 I B iR
RGP B2, & R R s BBR TR (Y) 5 i
(X0 2P | 7 B O Y=0.298 7X+0.113 1
(R*=0.999 4) , ZLHEVER 0.80~80.00 pg/mL; K2 |
EE M FRE (12 h)iL5E ) RSD ¥/ 5.00%(n=6) ,
S 14 ] i 2% Sy 98.969%~101.75% (RSD ¥/ T 5.00%,
n=3) YRG5 AT 2 AR K
2.1.5  KEUMFEH BBRAY & i

KA HPLC VA A , it SRR “2.1.17 50, 2558
7, BBR 5 AR Of 2 368 F RS ) (1) (i e AN+
P IR Z NIEMEZ BT T, L8 M R 47 s BBR 5 INAR
4y g T AR HEAEL (V) 5 BBR SRRV B (X)) R 2Rk [ )5
4 Y=0.551 7X+0.026 3 (R*=0.999 8) , £ ¥ i [ K
0.04~4.00 pg/mL, % & P4 0.04 pg/mL; H PN/ H [E]H
N e e YRR RSD 21/N T 10.00% (n=6 5%
n=38{n="5) PTG E R IEF B LN ICESR
2.2 BBRAOIPIPEZARELLWHE

K H A B0 #6321 5 BBR/PIP-SMEDDS 1 BBR il
PIP F#k 2 i Lh o RS B PRI AL B 4.0 g kIR 204 0.5
g AN 0.14 g BEIR — (81 0.025 g A ALEE 0.05 g, I
T 250 mL 7K 1, %85 B4 0 B 4645 0.1 g, ¥ T 250 mL
ARHR B BTG I PR K 3 2 FRSROR S, T A
B 0.5 g, i, B G 0. 43R % FREUBBR
JURFHZA FT BBRHPIP JFREZY , DL SR 71, 75 100
mg/L ) BBR I FP0 & B i L4 201,101,112
FITR A IHATR (BBR ik FE 444 100 mg/L, PIP Jii vk
435119 50,100,200 mg/L) .

$ 24 H R EUFHHLS 7 BBR J5UEN4 40 #1 BBR+PIP A~

L6 . BBRIHZ
L4+ BBR-PIPIEIH

1.2

2.5

BN
o

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

=3
13}

v
0.2 . 4
¥

o
=)

[ e b (2: 1.1 1. 1:2) 3R, B2 6 o SEsmi, R
BUASE OREEIK 12 h, SRS T P I s, B -+ — 48
W 25 B i (K 2910 em) o £ BeA & 2RSS B
e, —u FHFAREHLE 5 —um A IR B e LR,
il BV e R EE . MmN A [ 5 2 mL
Je AL B O A A B IR A 20 mL AR
I3l ATRA SR (95%0:45%C0.) ; ¥4 B T 37 °Ck
W E 205 TR E 30,6090, 120 min B Mz 2E Py HX
F£0.3 mL, [RIEF M AR A AR 2 S 20 B i
[E1) 51, A (AR it I VR ) T 1.5 mL 5005+ o et
300 L, i@ HEIE A 3 min, LA 8 000 r/min 25.0> 10 min, H |-
T, BV R B RE VAT . $52. 137 T 7 ik 22 s
FE S T BBR W T v B 30 L AE A [R] B ]

CV, + "zlchz

i=1

AN TR fig B B B T AR IR ML (Q) - 0= y

[, GO SR n AN IBORE A5 BT AS (1) BBR MR 5 Vo
2 HE G RBARF(2 mL) 5 V. WEFEAFL(0.3 mL) ;4 I
TR, g5 (K D) Eon, 5 BBRIFEUEZY A, 5 PIP
J& , BBR [ O {E Y945 BT 34 hi 5 44 BBR il PIP 1 i & [ N
1: 1, BBR7E4& W B i) O B4 B ey, d50FF & o i L
WiEHN L1,
2.3 SMEDDS & HF MR B EELE

K PR 2 S5 6 45 SMEDDS A i Rk E 17
i 1
2.3.1  HERRYPI I
Wit & 0 BBR ML PIP J5URHZG (it kb 1:1) , & T 2
mL 508, 43550 in A TR 4 3 A (TPML 3 TR 2 g
MCT . AU A% 3l ) L LAk 7] (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 , H A (B % 40
kHz, 2% 120 W) 40 min {ff BBR . PIP 743 ¥ fi# , F LA
10 000 r/min 5.0 15 min; B VS MRG0 “2.1.17
“2.1.2730 F J7 B0 2 W BBR (PIP [ BRI , 145
GBSO AR R AR S R . R
i AT E 3K, &5 RO 4{H . 255 BBR \PIP i i
P S 45 R (3% 1), AS A 5 8 1 Yk A R R T R < TR
MCT, ZLALH Ayt Ji-80 1 Labrasol® , BiFLALFI R To/K 2,
Mt . PEG-400 1 PEG-200,

O/(pg/em?)

0.5

30 60 90 120 30
[ 8] /min

At 81
B 1
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x1 AYEARHBHBRREE(mg/mL,n=3)

o i
B i R o
it IPM 0 0337
MBS 0138 7400
MCT 0.101 0079
i 0 0.127
A OP-10 0349 0.139
ti-80 0.537 0.115
it5-20 0109 0.100
Labrasol” 0999 0486
[ER 4] [ 0.731 0258
PEG-200 0643 36,386
PEG-400 0879 18499
TR 1.058 30558
2.3.2 JWAHFNFLALT AG PR

HL“2.3.17 350 F B 2 A AR AN ZLAL ), F 37 °CF H
T 3 4 FH 4 23 K W e B b 1:9.2:8.3: 7,416,
5:5.6:4.7: 314 AR PR FE A K Gl AH+ZL AL
5K B F ok 1:100) , URER A ULTES BH 2 10 s LA
li4] , # 4 SMEDDS 4548 %] 73 A v XoF vt A - L Ak 57 A AN [7]
A ATH BN FRIEN N ——A G H R TH IR
o2 W O FLCER, FLALAT 1] <3 min; B : i LR
ZT AR, FLALIT ] <3 min; C 2% . MAE A
WV, FLALASTR] 2 1~3 min; D 9% : A iR T EEAT TR Y
TR A, FLALAT ] >3 min; E 4% - MR H— B
I P, FLALETE >3 min"" . 255 (3R 2) BUR, Y
fifi I TR —ZLAR R, TR £ TR -5 ZLAR R A AH 25 1 SR 4
U {uft T ] — b AR B UL -80 5 A B A A TR A, 45
B 1, B T R TR O R, FLAE ) i iE-80,

x2 ARHBMILFESEITINZNER

SRR

i Al 119 2:8 37 4:6 5:5 6:4 7:3
R IHE-80 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  BhFLALGHIATERE
3 91 181 5 FL AR - B 2L AR 590 B e b (LR i AR
“Km”)2:1.1:1.1:2, {825 B sLAL R+ B FL AL R 5

AU i E b (9:1.8:2.7:3.6:4.5:5.4:6.,3:7,
2:8 1:9)IRAT, B IMAK , Wgg [ FULE O, 2 A
] B L4k %) (PEG-400 . PEG-200 ., JC 7K Z ) T 1 25 14
SMEDDS (1)t = I &l , 3 LIAR I B FL AR DX 8 1 FH
(P il A B 1 D380 R/N A A 1 o B 2L AL
HIRPE . G5 (R 2) W, Vs A B S oo vh SR B i
IK AR ARF ARG Hr R IR AR, A FL AL X SR T A
KA /IMKE IR A PEG-400 . PEG-200 . TG /K 2T , ik 5% 4 ff
& B LA PEG-400,
2.4 SMEDDS & AWK 2 i it- 8 E LI

SR FH AL AT =380 T S 56 X6 45 11 SMEDDS f4b

AT
2,41 B SITT-A00 TH F

HR A “2.37 30T FRLLA R A e 45 28, AR 3 ()
Km i (X2) HH 2, LIKIAE (V) Fl Zeta A7 (Vo) FUZEE T
SR1Y, Y=(200—1Y,)/200 X 50%+ Y. 44 %+ /H5 K HL o7 4 %
{H X 509 7 1 17 {FL (200 Ay A< 52 565 15 8 (1) e k7 42 PR
FEO™ R AL s RN R LA Ty . BRI E
5K IR 3, S 2 A R Wk 4,

3 BRI HNEXREHNEZSKE

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 BRGT-SMEEEHNRHESSER

5 X% ) i 1mV i
| 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 12511 1387 -1 053

6 2000 12501 2700 -136 086

7 1500 050:1 5092 -141 081

8 15.00 200:1 1627 -108 080
9 15.00 1251 20,50 -97 075
10 1500 12501 01l -105 077
1l 15.00 12501 2181 ~104 077
1 15.00 1251 208 -107 078
13 1500 1251 361 -96 074

0.50 1.00 0 0.50 1.00 0 0.25 0.50 0.75 1.00
IR 2.1 R 2.0 TR 2B
A. PEG-400 B. PEG-200 C. Tk %
B2 AREBZEFIETHZB SMEDDS #h=TiHE
EZ R 202445 35 455 24 W China Pharmacy 2024 Vol. 35 No.24 2993 -



L) Design-Expert 13 3K 70 Hr 3k 4 258, LL Y 53 5%
XX AT I FRG , 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) i BRI P{E/NT 0.000 1, 32
RIS R R PEK T 0.05, RHH AR KN
PRIZ T/ BERA] 3 Y 1484k
#x5 BRIZIT-MEEXEMNAESINER

*ih ik Ll 5] F P
fiR 0.1401 5 00280 103.09 <0.0001
b 01005 1 01005 369.76 <00001
)8 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 #4422 il 35007 1 & , 285 5 (&
3 WR X X WA HAE W S o SR ] Design-Expert 13
AR A Bk 3R 52 25 1 SMEDDS # e 1t
b 7 25 1 R i A FH A 18.54% . Km B 1.780 ( L4k 71
52.16% , WIFLALHI M 29.30% ) , Y TRINE 9 0.95 43

0.72:1.00 11.46

3 XX XEERNZHNHEE

2.4.2  FARAL T IR

FEHR“2.4.17 300N S Pukb Iy il £ 341t 25 11 SMEDDS,
W 52 P 24 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 FH X6 i 22
H2.11% XHRETR PTG B, e AL T AT
2.5 BBR/PIP-SMEDDS H 4l & 5 REEH
2.5.1 s

Fi“2.47 BT S LAk T BRI AR L FLAL A B 3L Ak
B FLARFR R B FLALFRNR & 3950, B Am A FE S
2], B 15 %5 1 SMEDDS; 7E g 1 it #F T, 1 &5
SMEDDS H il A ft BBR \PIP J5Uk} 25 (Bt b 1:1) , 43
$¥ 15 min, 8 7 (5 % 40 kHz, 2% 120 W) 40 min, T
37 °CARME A 4 h )5, B2 W AR, BI45 BBR/
PIP-SMEDDS,
2.5.2  ANULFIORIE 25 M 8%

g 2,517 J7 k6145 #9245 1 SMEDDS 1 BBR/
PIP-SMEDDS, %} — 3 #4174 WAL ES 5 i “2.5.17 Wi
J7 B 1459 BBR/PIP-SMEDDS , JH /K 7 J6 J i fin 22 ¥
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b DB RS WO, TR R TS (S S s
WAL S o 4558 87K, 25 F1 SMEDDS h & # {1
A& , BBR/PIP-SMEDDS 4 4 B (2 JHPIR A 5 355 5 fL %
(" 4)F ,BBR/PIP-SMEDDS £ [ BRIR , HRL 1438, T
R %

* J

A. 100 nm ¥LEF B. 200 nm #L#f

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

FIH G AT A5 R R “2.5.17 30T Jrik

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

Fa 3

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

2.5.4 KA H Zeta H AV I 5E

B “2.5.17 W1 Jr 45 1 BBR/PIP-SMEDDS, H
IKFRRE 100 Fi5 ), ol FH AN ARORL BE L (S 2 HoRi AR 2240
PR EOR Zeta LA, o AEAPATREIN 3 UK . 4525 (1K1 6)
127~ , BBR/PIP-SMEDDS [ F- ¥4 %7 4% 4 (32.90 + 0.38)
nm, 2 4% B Ve 45 B0 R (18.76 £0.55)% , Zeta HL {37 Ky
(—19.174£0.70)mV.,
2.5.5 ALERRZRZY A E

Hude “2.5.17 WK J5 ¥ 1 45 i) BBR/PIP-SMEDDS 1
g, FH¥E ) (BBR [ “2.1.17 3, PIP [] “2.1.2" 33 ) # % 500
FEI5 A3 B R 2,117 “2.1.27 Wi F Jr il iE , 154% A 24
Y. BCEARFEE, LA 5 000 r/min 50> 10 min, I
AR LR, U8 BUEW, B R 2,117 2127 R
Ik A g 2y i iR DL A SO R
K25 AER (%) =W/ Wi X 100% , #2452 (mg/g) =
W W[ 2, Wo k25 11 SMEDDS 4 5t 12 (B AH L FL Ak
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CV,+ nzlcyz
*zlx 100% [, C, o 56 n A HURE S5 RTiNA5
Y BBR T M 3 C oo i (i<<n— 1)/ HURE S5 RTINS Y
BBR JTT i B 5 Vo B AR V. BRI T 5 m oy
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2.6 BBR/PIP-SMEDDS 7k R {K NI ZA B F AR
BOKEL12 5, BFLS> > BBR JEURE24 40 Fil BBR/PIP-
SMEDDS 41, 5216 H ., KECWATEEE A%k 12 h
J& 53 i H BBRJFUBFZ 4% 2,517 W0 J7 il A 1Y
BBR/PIP-SMEDDS 40 mg/kg (LA BBR fi it , # &5 %
A SCIR i ) o A T )5 0.25.0.5.1.2.3.4.6,
8.12.24 h i FHRAE J5 # ik AR 1l 0.5 mL, B T &R BT
e T, L6 000 r/min B0 5 min, B2 MK 200
pL 1.0 pg/mL f9 X%k — F 2 628 v (DL R B
#1)50 L FTH EBE600 L F 2.0, i iEIR ) 5 min,
250 10 min, B EIE W HE T 2R HI WS AR 100 pL &2
W, M E TR 2] 5 min, B0 5 min, B 1V WK 20 L 3%
“2.1.57 TR J5 il MR A BBR A TR VR B . R
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AR AN FE R IR, LT 0L, AR 9T 2 £ PIP /E
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