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Study on the Preparation and Pharmacokinetics of Baicalin Proliposomes in Rats in vivo
JIN Yaxiang', SHEN Yujie', ZHAO Yi’, FANG Xuedong' (1.China-Japan Union Hospital of Jilin University,
Changchun 130033, China;2.Changchun Vocational Institute of Technology, Changchun 130033, China)

ABSTRACT OBIJECTIVE: To prepare Baicalin proliposomes (PBA) containing sodium deoxycholate (SD) with optimized for-
mulation, and to study pharmacokinetics of it in rats in vivo. METHODS: PBA were prepared by spray drying method. Response
surface method based on Box-behnken design was adopted to optimize the formulation of PBA with the amount of HSPC, cholester-
ol and SD as factors using entrapment efficiency of PBA as index. The particle size, morphology, leakage rate and stability of the
optimal PBA were evaluated along with the pharmacokinetics of it (compared to raw materials) in rats after ig administration of 15
mg/kg. RESULTS: The optimal formulation of PBA was that the amounts of baicalin, HSPC, cholesterol and SD were 100, 214,
68 and 53 mg, respectively; the predicted and practical values of entrapment efficiency were 86.42% and 84.32% , respectively,
and particle size of the optimal PBA was 358.4 nm. The leakage rate of reconstituted liposomes was low and the stability of PBA
was good. Compared with baicalin raw material, 12, fwn, MRT, cu and AUC,, of PBA were all increased significantly (P<<0.05
or P<<0.01 or P<<0.001). CONCLUSIONS: PBA were prepared successfully using the spray drying method. This method is simple
and easy, and the optimized formulation is feasible and can improve the oral bioavailability of baicalin.
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HATT (Baicalin ) f& MG SE i 24 45 2 U7 25 TS 21 1Y
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MR, B B R T R i BRI N S i R A
RWFFE Sk 2" (R B 25T IR BT K R 2 3l o
¥ A L SCHR AR B 5 FLBT IR 4 R IO AR 590 TR A R i ), AN A
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SP-1500 S 56 7Y 1 55 1 A0 (VMRS S 561 25 PR A
H)) s BT300-1J 1% 5h % (3% B New Brunswick Scientific 2 H] ) ;
MiniSpin &1 1% .01 (% [ Eppendorf /A ] ) s MD-200-2 &<
FAL UM BB AR A B2 ) s UFLC M He st i A %4 (H
A AN ] ) 5 Acquity UPLC #8 i RO (351 . TQ-S = Y
AT BEAL (32 [E Waters 28 1) ) s BS 2248 HL T3 #fr K- (8]
FEL AN 7] ) s Nicomp 380DLS BOGHKLE 2 #r% (24 [ PSS
23 w]) ; JSM-6T00F F 4 L T B il ( H 7R Jeol A ] ) .

1.2 HR5IEH

A ] S (L5 110715-201318, 413 . >93.3% ) it
Fz 220k B 5 (36452 100081-201408, £ FF : >96.5% ) B2k I T
rP ] B 2 SR R T ST B s T TRRL ) R T i R 2l A
RN ), 3152 140325, 4l >95% ) s @A K T O#ENS (HSPC,
751 Lipoid 22 & ) 5 I [ BE (2l % . >98% ) it 40 IR iR 1 ( 4l
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1.3 3

SD KR, &, HHi (220 +10) g, AR sk B 4
B, S A UES 5 SCXK (7 )-2011-0003
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2.1 BURAE AR HI&

FRECAL J5 &5 (1) HSPC | JIH [ B 55 B AL B, A 100 mg #%
KRR T 5 ml ZEE, 60 CLRR L VEN AP . FREUL
52 (4 A5 IE R VS A% T 50 ml B R £h 2% v (PBS, pH 7.4)
W VRN A HUAPREE TR A (60 £ 2) C ANWHERE 7K
AR GEFE 5 min fSANA 1 g H 8RB N 3004, 1 25 T4 RIS 5T
AT RN BT AR R E T 20 TR
22 BEREEIEMNNE
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FREL 100 mg i HAfE BN A, A 4 ml 252577k, MRS 431 L
min, fHIE TR . A% R 0.5 ml g R AT W T 15 ml
R E RO (10 kDa) Hh, 8505 (3 860xg) 30 min, I N 74 {4 &
Fomliliid, FEE R 2208 305 A i 20 s
T3 R 8 DR [RIAR R g o PR TR A T 1 5 ml b i P, R
FER B IR AR BT RO &
T (HPLC ) 2% 00 2 Wi 85 24 W VS W R R 2 W Vs W h 5 1 )
B ORGAT, @3EH N Agilent SB-Cis (250 mmx4.6 mm),
5 um) ; K A 280 nm; IR A 35 °C 3 iR s A 2N -0.4%
WRERVS I (40:60) , Ji N 1.0 ml/min; $EAEE N 20 pl, DABS
FRUEE TR () AN ARAR BT R TR () et AR R 2 Tl b e
2k, 75 | )5 y=46 301x—8 431.7(R*=0.999 2) , # % 1F
ARG 5 £ R B 2R M R A 1~ 100 pg/mlle A %% B R B 42 1 it
6 A s AT FR Y RSD 435154 0.93% H1 1.24% (n=6) ; Fa & PR ik
5 P I VA VRO 12 h TR R RSD Ry 1.16 % 5 i [el
%K 100.2% (RSD=2.01% , n=6) , &/ [(4—B)/Ax
100 % AL B3, AR B BEATT& &, BRI B B AT
EfEa i
2.3 SFHMRIL

FE AT B 1 LA L, DU (100 mg) S 2, LA
HSPC 114 J5t 2t (X)) | JIH [ B 104 5 2 () ARG 4 IH R 4 1 Jot ot
(X)) R AE i 147 3 K2 3 7K Box-behnken %315 , K 2%
5K TSR 15 A dst 2 g da s, it 28 SR g 4 28 I3k 2,
YL e Y R

*1 BEE5KF

Tab 1 Factors and levels

K
BR -1.0 0 10
HSPC it (X,) ,mg 100 200 300
RS (), mg 50 75 100
TR B (X)) mg 40 60 80
%2 Box-behnkeniZitARKNIXIGLE R
Tab 2 Box-behnken design and results
WEE X X X R, %
1 -1 -1 0 59.84
2 -1 1 0 4529
3 1 -1 0 69.32
4 1 1 0 50.06
5 0 -1 -1 7473
6 0 -1 1 68.11
7 0 1 -1 58.88
8 0 1 1 53.92
9 -1 0 -1 68.03
10 1 0 -1 72.86
11 -1 0 1 5346
12 1 0 1 68.61
13 0 0 0 8431
14 0 0 0 83.75
15 0 0 0 85.14

B2 323l L, BB P /T 0.000 1, R {H
99.40% , F& BAASE Y HLAT — & MR ME A T A0k . 188200
W E J5 Sl . Y=84.4+4.278 75X, — 7.981 23X, — 3.8X;, —
13.221 25X*—1.177 5X.X,+2.58X.X,—15.051 25X*+0.415X.X,—
5.438 75X,

[ U1 3B 8 SR g i 7 i T L DL T 1 s
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Tab 3 Results of regression analysis

FEKRIR I Al % F P

X 146.461 6 1 146.461 6 54.604 52 0.000 714
X 509.602 8 1 509.602 8 189.99 26 0.000 1
X 115.52 1 115.52 43.068 72 0.001 232
XX, 645.420 7 1 645420 7 240.628 9 0.000 1
XX, 5.546 025 1 5.546 025 2067696  0.209 964
XX 26.625 6 1 26.625 6 9926684 0.02536
XX, 836.4559 1 836.455 9 3118515 0.000 1
XX 06889 1 0.6889 0256839 0.633853
XX 109218 5 1 1092185 40.719 35 0.001 399
(G| 2225078 9 2472309 92.173 82 0.000 1
i 771.584 4 3 2571948 95.888 6 0.000 1
T 1420.633 3 4735445 176.549 1 0.000 1
i 32.860 53 3 10.953 51 4.083 74 0.081 981
5% 13411 12 5 2.682 225

RANIR 1243292 3 4.144 308 8473335 0.107389
afii 09782 2 0.489 1

BEE 2238489 14

Bl 3HMHERXNEHEZMAmNENESLE

Fig 1 Response surfaces and contours of the effects of 3 fac-

tors on entrapment efficiency

DAL L H R T AN T T PN UL 28] 3 1 7 i 1812 2
FUI) R (8 TR T 58 B e A (35 30 AR A e 1, 3 B
A B T T — 1.0~1.0 2 i), BE B I B Al 25 1
TEET T E R AR Z M. Bl 1B § 45 5 2k 215
T , H AR bRt S5 16 B 2k Z WA AE 3 25 00 A, Fe X
2R (XXG) ZIAAEAE B s HAE o TS B L
SR - X, =0.142 25, X,=—0.275 2,X,=—0.326 1,
A ARG 2,=214,2,=68,Z,=>53. i ik
ZEAF 5 5t ok 100 mg, HSPC i it hy 214 mg, JH [ B 5 4k ok 68
mg, i EBRREN it 53 mg. [liF Eh [R1 05 R4S B % Ay
THE Ky 86.42% . Ry ik — 2046 55 Box-behnken BT 45 15 7Y
O HERA P S AT P, R e A D G o A S A IR
B R AR, JE AT 3 AT R IR IE X 06, 45 SR E R R
84.32% , 5 FUMMEL A AT 1222 0 2.43%

2GS 2016 4F5 27 45 16 1

24 BRRERERNNE

FREURAUAL 77 45 19 50 mg BTN B4, i A 4 ml LB+
KR EL L min, AR AR BT . R AR 23 B
FE N AR B HRAR o AUER R R Ry 23 °C, I E Ff [
FER 90 © OB AT A2 S5 R B, B AT IAR A
SV S A B R AT BRI T RI4E 2 358.4 nm, 243 HILR
#(PDI)}0.214,
2.5 BIEREREFSERITN

WAV e (P B R ATR BRI T i - R/INE e R B &
T FERE R RE SRR T A s v, 0 RS
TR S P TRy 3.0 KV, R P 7 e Wl g
HIANG BRI R TETE A . LSRR B9 I (918 5 43 B BR
& R, b T 2R sl 2 (s eI IE 2.

2 EEHEEMRRE R AR5 E (<10 000)
Fig2 Scanning electron micrographs of PBA (x10 000)

2.6 BEBRESRENEE

HU6 LBV Ja AN ST AR B, 43 0 T 4,37 CAIF R
HEMRAE ME N 1.2.4.6 h G RIS RIRB IR R . A
(WIWix100% ) HFB T, WARKNR BA - E i 6] ) 2
T B NR BT S KRR B 882 2 i, o AR I B AR I e iy £
AT & o, S5 LI 3,

6 e 37 C 41
5t -8- 37 °CH42
—— 37 C 43
4t == 4CHl
=X=4C 42

o 4 C Y13

1), b
3 EETHEEEOESRE
Fig3 The leakage rate of PBA
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MBI BRI, BHRT 1% . 25530, IR X B4 1T 4

R E Ti R A B

2.7 BIERERATRE MR 2R

SR PPt 3 3 36 2% 5 9 5 AR I A 9 A S
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F4 EZEREEREERE 40 CHEINEE 5% K ET
Tab 4 Stability of PBA under the temperature of 40 °C and
the relative humidity of 75%

il 1 FHHE, nm HE, %
0 3569 84.63
I 360.7 84.11
2 368.2 83.54
3 3801 82.82

SHEFEE RTINS FARAT 3 A e M ARG i 5h
Pk RAT, 520 A5 31034 5) 0 8 25T AR TR B R, B Al
BPREATEL
2.8 HAHEMR
2.8.1  JUEFIEFESAE SR A RS B IR I B TR
KXo BYNEHE 3.0 kV;4EFLHLE 60 V5 25 T ISR 150 °C ;4
LA i 150 L/h; S50k E 500 °C; 25 ki & 1 000 L/h, SR
£ JO Wil (MRM) , 855 [M+H], m/z 447271 Wi % (4
FR) [M+H]", m/z 303—153, AT FMfi R 2 10 HE AL AE &0 20
V, WA RE J1 535100 20 eV F1 30 eV, i N Acquity UPLC
BEH C;s(50 mm x2.1 mm, 1.7 um) ; Ji 3040l Z 5 (A)-0.1%
HR (B) , B 85 e M (0~3 min, 5% ~80% A; 3~3.5 min, 80% ~
95% A;3.5~5 min, 95% ~5% A) ; it 3% A 0.4 ml/min; JEFE
N1 ule PABEETE 5 AR RIS TE R LA () AL R
TR T R BT () R AR AR , 442 BRI/ INIAR - 3fe v 22 il A e
£k, A5 [\ 72l y=0.377 3x+0.257 5(=0.999 4) , # 4 H
A 0 J5T 2k SR e VS L R 1.2~1 200 ng/ml, E & T R 1.2
ng/mle KRG A R 3 IR B UE 7O kg e, HIN L H
(5] 4% % & RSD 4 2.41% ~6.89% (n="6) ; W1 B {4 AH X 152 22
(RE) i  — 2.86% ~4.45% (n=06) , 3& JFt % 1 7 (98.63 +
3.21) % (n=3) ; 2B H A (91.96 + 4.46) % (n=3) , Jy 1 IH]
R H7(99.82 + 3.93) % (n=3) ; URAMIE IR 3K . —20 CIRHHE 15
d.ZE IR (2920 CHHCE 4 h fT A SRR R 12 h B RE
RSD H7E 15% 5 HEIH
2.8.2 IMMEAEMLAILEBE  FL100 pl K B, A 100 il #i Kz
E WNFRIE R (20 ng/ml) A1 20 pl 1 mol/L FHER (45 10 mmol/L 4
M2 C)JFHES0 s, FEANA 600 pl 212 Z T8 % E 2 min, 8.0
(10 800xg) 10 min, JC_F %59 37 CHd AR T, R M A
100 pl 50 % LN BUG IR THE 1 min, TR0 10 min, BTG
L AR 2
2.8.3 g lddum  Hr12 & K ASEAEIK 12 h, FEbL
J2H, 6 . A1 ig BEE T RN 15 meg/kg (A RGH
BN 11 mg/kg, HRPEEROGH AR K BN 69 mg/kg, b a4
THEUE 1/5) M AT BE A 5 21 2 ig B4 HF R A R AR (A 2Y T
BL 15 mg/kg) o 7390 T 45245)5 0.083,0.167,0.333,0.5,1.2,
4.6.8.10,12.24 h R MEHL M 0.3 ml, 250> 10 min, Bl 3 0 &
WA .
2.8.4 BN KA DAS 3.0 AR T 25 s 5 A b, LA
A 5 EREAITT TR VR BE (Cona) VIR VAR ] (f) PRI (11)
2-If 2N 1 AR (AUC,- ) A 243 B B ] (MRT) o Geit# 4
MR ek, P<0.05 3R 2257 HAE G5 Lo
2.8.5  ZjEFSR KRR ig WA TR IR A S TR A B I3
A IE2h5-I iR DU 4, TE2G 8 SRR 5.

P Pl 4 132 5 A] L, 25 T TRk 24 R B A5 T AR AR 11
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Fig 4 Blood concentration-time profiles of baicalin in rats
after ig of baicalin crude drugs and PBA (Xt 5,n=6)
®56 ARigEZHERAGMEZHINERERERAHZES
#H(x+s,n=06)
Tab 5 Pharmacokinetics parameters of baicalin in rats after

ig of baicalin crude drugs and PBA (X +s,n=6)

213 Coong/ml AUCy.,ng+h/ml fyssh hsh MRT,h
FATIRHZT 1691441477 106203+154.62 0284009 6.13+1.10 7204048

HSARTIATRRIR 32691+39.63* 312918 +312.72* 042+0.09° 827+1.06° 9.21+030°

T SEEAFERI 241 e, P<<0.05,7P<<0.01,%P<<0.001

Note: vs. baicalin crude drug group, *P<<0.05,"P<<0.01,*P<<0.001
Lo 53 A 0.28 WA 0.42 h, 22 5 A — W GE T4 B L (P<
0.05) , FRBHHIARNR TR IELE T 851 76 B WA N IR 3R
AT T SRR ] o 5 R SRR 24 L, 051 AR 3
PR 1, FIMRT 3348 K (P<<0.01) , ARG NS FUARR AL T 8
KATHI RIS BR A . 5B AT ORI A LE , SRR A 5T
PRI Coe 1 AUC,-, 582544 (P<<0.001) , 8 55 BT MR i 5 1 14
R TR A= 9 0 P B B T Il 24 1 2.95 £, W AT A4
TR B = T ST C IR R R
3 g

AHIFGE R FAWE 25 T vk B il £ T #2517 A iR g ik
il #s T2, 5 T Tl ARAE 7™ . XFZUBE L BB A 2R B s
Z R TP, 45 5 IR B R ] 4 1 R A B Jo
Zh AR A A BOSCR R ] Box-behnken ¥ 1056 117 4k 5
Ak A5 2] T AR B e LA T o e LAk i A5 0 i A
J AR A s R A R B IR RN FLAR S M R AR vy
T HPLC Fl UPLC-MS/MS W &1 438 7 1, 4331 1 T His 44 i Jot
AL J 3R S AR B2 sl P . R Bt 2% P o i 4, T
PR L, H A e BRI, R R ] UPLC-MS/MS
AN AR BRI ) B IR . KBRS h o
ISR, ST R L, BT AT AR A IR
PRI R EE B e 1 2.95R% . LT AT R AL « (1M 54 il o5
S H R B ST 38 0T B S O T AR R A i T s R
(2) i AEBENG W 2 0 B SRR £ 4T Bh TR SR AE 5 W
BN R A A AL, IH R 25 AS R i 5 (3) BRI 5 T
W2 6 B b B 288 H 0 1A 4 9 a0 A NG, DA 384 0 8 55 1
TE B AW (4) T8 ST AR TT LA i T ) 3 03 240 JEL 7 s, MK T
38 3 bk T A s A IR
S Ak
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BE XU/ MR L

SGLT2 i35 2 F FI897 2 BB R 254 , vl LABELIT
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LA BRI Hh 1o 5 2 08 A IR - 38 BEL T SGLT2 A5
X B2 o B 2 10 A A AR 5 PRIBUT B L AT AR T it
TR B . FRTA 31> SGLT2 9 il 571 75 BR R FATHZAN -
YO R AR BRI IS 5100, LA 4 R il 4 8 B (Bl o
A — H XUIK) : Ebymect, Edistride , Forxiga , Invokana , Jard-
iance , Synjardy , Vokanamet 1 Xigduo,

PR BAE IR Hh 2 o T 8 3RS 1R B0 7 T PR
TRFEAAE . M SGLT2 $fFA1IA 5 2 TUH IR A 21X Fivg
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R K A PR RAE 2 FP 25 Y R SR SR B AT RE S5 B 1R 12 K
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WA SR & 25 L BT TUAE 0l N D3 R 25 i K AR A PR
FhEER T RENE .
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