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ABSTRACT ; AIM To prepare osthole-loaded nanostructured lipid carriers and to investigate the in vivo pharma-
cokinetic behaviors. METHODS The nanostructured lipid carriers were prepared, after which their encapsulation
efficiency, drug loading, particle size, Zeta potential and in vitro drug release behaviors were determined. Subse-
quently, rats were given intragastric administration of osthole and nanostructured lipid carriers, respectively, fol-
lowed by the determination of plasma concentration and calculation of main pharmacokinetic parameters.
RESULTS The nanostructured lipid carriers demonstrated the particle size, Zeta potential, encapsulation effi-
ciency, drug loading and accumulative release rate within 24 h of 226. 25 nm, —15. 17 mV, 88.17% , 5. 06% and
77.12% , respectively. Significantly increased T, , T,,, C

tured lipid carriers group as compared with those in osthole group (P<0.05, P<0.01). CONCLUSION Nano-

structured lipid carriers can effectively improve osthole in vivo absorption and enhance its bioavailability.

AUC,_, and AUC,__ were observed in nanostruc-
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1.1 ME  Essentia LC-16 B E 0B A G5 (H
AT 5 JY92- I AR S #B AL (g
Sl B RABRAE) ; 85-2 MmE P fkas (Xl
TR A BRTTAE /A 7] ) ; FA1004N 5 1 K F
( L Rs AL A R A FRA F]) 5 RE-5205 g%
EEa (LRERIEREBRA ) ; DZF-6050 7 &
SRR ( DIERIE R AR ) 5 DW-451.80 Y
FEARG TR VKA (B M 5B A 28 A BR 2 7)) 3 Nano
7590 BUZN KK BE AL (92 [E Malvern A F]) ; XH-B
EUERIR A4 (LBIRIGIERABRAT ) ; MD200-
2 RUEAME (BT AR A R AR 5 S-108
AGERAEKAL (32 Millipore 23 A ) o

1.2 K2 IRTEREEREZ (A5 SL20160814GC,
BEVE AR AL TARTHUEAF]) 3 IR F R X R
i (CAS 5 484-12-8, fREREY L, HA &
>98% ) ;5 FHEZEy XS A (L5 110708-201407,
2R e R B, &R 99.2% ) 5 HLE g
fig H ol ms (PG P fb i A BRA A ) 5 Miglyol ©
812 (L5 201611158, EHEEAfL2ER AR
") THIBVOI 188 (F68, b5 P151125, 354
BHEABRAT) ; KGOIBEE (PC-98T, s I
MR RHEARR AT ) 3 IR0 (B AR5
F1 10 000, 3E[E Millipore 2AH])

1.3 #4  SD KR, MEMEIEA, RFEZ) 300 g,
WA A AR S sh W by, s AR R D IE S
SCXK (#) 2016-0002,

2 HERE4R

2.1 MRZEMISREAR & FRECLEE SR H
fi& 320 mg. Miglyol® 812 80 mg, & T &b
KIS IMPIERE QRLEINA 25 mg MR TRIRS), 1
AR FREX K68 0.33 g, KIZORBENR 0.66 g, fl
A 100 mL ZE1R7K, A # S B 20 mL, KN
A AHFNEEE, fEA7KAH, 7E 1 200 v/min $FE
BETF R G #8  AKAH 22 02 B A v, Ak s i b
1 h, B3%F, #7510 min (600 W, [A]FE 3 s)
JG B T -8 CUKEET 15 min FEATRI4L, 0.22 pum %
FLUERE T g, AR, HIREWR PR TR A RN
1. 64 mg/mL, FHREIESI# 2 ARSI AR Tk 4
1206

2.2 whRTEAAZTME T

2.2.1 @il Waters-C o (034 (150 mmx
4.6 mm, 5 um); WAMHINE-K (55:45); 1A
FifE 1.0 mL/min; A% 30 °C; KK 321 nm;
PR 20 pl,

2.2.2 BHASIEWHAS O K S5 s T
AR EW 1.0 mL, BT 10 mL #HF, A
8 mLZMEHA 15 min, & 30 min J5 M E S,
FE4], 12 000 r/min 2.0 10 min, A% 2 B IR
1.0 mL B F 10 mL TR, WahtHEZR, #£2),
IFE

2.2.3 KMEXRRFE MBI IR 20 B
10.0 mg, #OLTFET 10 mL BT, ZHEHEA%E
ﬁ?ﬁﬁf@, 55 1.0 mg/mL ﬂ!’:%(ﬁi, 22 = B
0.4 mL, ZJEERZE 10 mL, 3% 40.0 wg/mL Xf
MR IR W, AR BE AL 20.0, 10.0, 1.0, 0.4,
0.04 wg/mL, 7E “2.2.17 i3k 5% 4T 2 AL
. VMG (Y) XS BTERE (X) #E17 Ml
9, 45K Y=1.302 6X-0.010 1(r=0.999 9),
FE 0. 04~40. 0 pg/mL {EHE P2 BRI R,
2.2.4  JrikcEg g WK, . i Wk E
(0.04, 20.0. 40.0 pg/mL) XFHRGW, 71 d
WAE “2.2.17 T4 T AR 2 6 Ik, IAs
I TE AR RSD 43914 0. 87% . 0.29% . 0.11% , FH]
PO H RS R AT, IR, T o, 1,
2.4, 5 dE “2.2.17 TR ERED E,
MF504 T AR RSD M 0. 68% , FKIAEWAE 5 d WA
MR, KW 1.0 mg/mL X} /8 S W 75,
150, 225 wL, #Mi0Zs (40 ok 45 4 5 B 4 4k 75,
150, 225 pL, “F47 3 £, BT 10 mL £,
A 8 mL ZJiE#BA 15 min, #HE 30 min J5 i3I &
25, F&5), 12 000 t/min .0 10 min, AFFX00
FEME F 99. 08% , RSD /T 1.79%

2.3 MREMIERBARAAERFE K

2.3.1 @HEEF HAE CRHBIEESOE, HE
R0 mLIREW, ETHESOCENET, &
BB 30 min (12 000 v/min) , BUAMEHIER, &
EERZR 1.0 mL, HPLC SR TR &H
(W) PR R L0 mL IREW, A
2.0 mLZE#EA 5 min, ZiE FACE 30 min FishAH
ERZE 5.0 mL, 0.45 wm {50 L8 B vk, 1E
“2.2.1" WAGEAF TN ERIKFRELAST A&
(W), HRAKXSHNEER= [ (Wy-Wyy) /
Wyl x100% , #25= [ (Wy—Wyu)/(Wigapt
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Wo=Wiys ) ] X100% (Wi H A WA
MEAHE), 58, 3 ARSI NR AR B3
RN 88. 17% , 324N 5.06% ,

2.3.2 KifR. Zeta HAAE  HUHN K 45 H G I 2% 14
1.0 mL, JIIA 2.0 mL Z&/KA B, Mg How 42
Zeta WAL, Z5RUE 1~2, HEFH, RN T
100~ 500 nm Z [A], “F-34°4 226.25 nm, PDI K
0.204, Zeta H1{iiA—15.17 mV,
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Fig.1 Size distribution of nanostructured lipid carriers
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Fig. 2 Zeta potential of nanostructured lipid carriers

2.3.3 RAMBEZAT A BU1.0 mg/mL MR T3
YRR R (IRRFRIT&FEEN
2.0 mg) TRAEL, 435I A ZEME KB AL 2 mlL,
BTSN (X3 Bt 8 000~14 000) , JiX
A 500 mL 0.5% SDS # i, T 37 €. 100 r/min
fE IR IR 4 P L0, 6 AS ) B R) o5 45 ORE 2 mL,
PRERA A AR, MERTFREEA S, 1T
FEBRCR, ek, RWE 3, HhE
AAL, AOREEFIRE BT AR B AT B W 2 B RRAIE, 24 h
P BB 77, 12% , i TR 2,

2.4 HKABHFHA

2.4.1 XFEG . AR A B “2.2.37 T
NI & W, BB AL 10.0, 25.0, 50.0, 100.0,
200.0, 400.0 ng/mL X M8 S, K %6 AR BUT 2
B 10.0 mg, A% 9.0 mL Z 5 HAH, &
30 minfGEZ, BI5 10.0 peg/mL WARIET, %
I 1.0 mL T 10.0 mL ST, ZBERBER
1.0 pg/mL, & FUKFPORAT

2.4.2 IMIKFEARALERS BRI RE ST A IR T R
JCHCE — B A iR, AR 200 wl T 5 mL 2§

80 ——WKTE
04— BREHIRRGE

BB %
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Fig. 3 In vitro release curves for samples

ODET, RTIMA NI 50 pL, 20 3.5 mL,
WHERA), V&M, 6 000 t/min, -5 °C N Hk
B0 8 min, ¥ LEAVAMEELE T, WER
SEBURE, 45 CRAREEREAIIER, %8
Y1 200 L MENAHE R, 4500 r/min F &0 5 min
Ja FERE 20 L I %E .
2.4.3 ZMEXRRFRFZE B “2.4.17 TR ANEJE
TR EEXT BG4S 200 pL, 45 CRIEERT,
HUIMAZS R BUMLSE 200 wL. WARET 50 wl,
P 92,427 TR AL, FE “2.2.17 Tifaik
AT HRENE , DgIRTR | AR R HUE
FEARRR (X)), WM B AR (Y) AT
mH, 5 5FE R Y=193.57X+2.86(R*=0.990 8),
7 10. 0~400. 0 ng/mL JE B N LML R R,
2.4.4 Tk EE O WK, P& (100,
200.0, 400.0 ng/mL) J5T & ¥ & XF RO IER, F%
“2.4.27 WURNJFIRALE, FE <2.2.17 TEGE KM
i R = o[ = 3 o | = 1 Wz o [
92.18% . 93.66% . 90.99% , RSD /N T 6.83% .
W3 P ok B AR S, AE “2.2.17 Wi ksk
PERHEREE , AR 1R, HEES d, WS H A
R RSD 4390 9. 15% . 6.83% | 7.44% ; [Al—15
FES T 1 d EESEHEREINE 5 vk, IS5 H ARG
W RSD 43900 5.08% | 3.71% | 4.63% , F#WiZ
TG R R, WRFEMHZERTFO0, 4, 8,
12, 24, 48 h 78 “2.2.17 Wi 3% 00T dE AL
FE, MR L RSD N 7. 28% , 2 HIRE S 7E IR
T 48 h WA EE B AT,
245 EHBEH g WMEKRKTFREREW
(5.0 mg/mL), ZEM/KEHI K 3 mL, & HKRE
B2 15 me/kg; BN K 4549 g ot 4004 TR B,
T 5% M SEREVE R R T OR3P50, BT -70 CREAK
HEVKFE 24 b, B IZRRE S IRGECE T ES R TR
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36h, MBETHAR, HbKFrREAEN
3.08% ., BUZTHIK 0.487 g, WA 3 mL ZE18 /KR
Vi, BIAR, BEBAER R,

2.4.6 A7 R%EE 12 HRREEHL MR F R4
YRR RGBT, Yo TS s MR rh s I
24 b, FTSE A] g HR AE I - 249 0. 3 mL,
IR EME TR BIRA R8T, Sl
5 min (2500 v/min), M3 “2.4.27 TRk
AEBRIEAE “2.2.17 @SR T HRENE, T
MZVEEE, T, . C.. WSS, I LT -
MZE A (AUC), Z5RWE 4, £ 1, kR
I, GRS g k4 C,,. . AUC,, BE®T
MR T R4 (P<0.05, P<0.01), MiH T, W&t
Ji (P<0.05), T,,@#&EEK (P<0.01), FHX A
YR B T 3. 31 f%,
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Fig. 4 Plasma concentration-time curves for samples

1 FEHHESH (¥s5, n=6)

Tab.1 Main pharmacokinetic parameters (x+s, n=6)

e iR (2 IR R A YR EER I AR A
T, h 1.12+0.25 2.64=0.51*
T,, h 2. 67+0. 84 5.92+1.27™
Con ng-mL™' 113.86+19.75 253.36+31. 47"
AUC,_, ng-mL™'-h 451.25£66.43  1493.12+203.57 "
AUG,_,, ngemL™'-h 511.53%72.62  1616.55237.39 "

SR FRA I, * P<0.05, ™ P<0.01
3 iTig

AR SBR[ AN o S0 g R T s AR
TR, §il & T I IRT RGOSR T2k Ak,
fIEERIK 88, 17% , MIBRWFIE S g R &K M 14
N TR £ T 231 75Y, RIHAERCN
59.78% , iX— 77 Ifi 0] BB S M K T AL W AR R
Miglyol® 812 HH s fift BE e i, A B TR 2594
B AGUOR GG BT by O3 — I ISR L)
TGN T 9K BRI IR ELRREE , AR T4
fods Rk O

iR A R R, MR F R YUREE MG T
1208

LSRN ST ST o7 SR §5 Y P2 C I N i RS N
R AT g2 I R F 2R IR B A B W38 5 i s i i
PEARIEI, RVERT TR K &5 49 g ot 2k (A ok
BRI, OMRIEAE BB 5o b e S B e L,
R FEAGRENPE, HOMAE S B R L r v B
O S E T, S, SCHk [ 11-14] HREE, gk
SR AT 20 AR TE b K A M B B A RAE A, tn]
2 b K M sl R /R 45 E AR EL G ER, IF LA L7
BN HARYR B A 3R T RE S Ak 4 R
BRI R+ R IGR A ¢, WTABT
RS B A BN, R A R L 45 b
JITIR , 4HOK 25 Ra) JIig IO 2 A T A1 2 e R 1 2% 09 g
W, GBI TR KT, o —
R AR B SR

SE k.
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#Heem', & B, #KRIT, #w A, FEW, X m, FXHE”

(1.

LEFEARFWEELER CME AR, LiE 200120; 2. ki W OH R H K AR E KRG A

+ i 200135; 3. LR EHAFF G, FiF 201203)

WE: BE OIAMENE SR T R R RAR N RS A, iR R AR - B (UPLC-MS/

MS)

B, R Waters ACQUITY UPLC HSS T3 434 (2.1 mmx100 mm, 1.8 wm); zhAH 0. 05% W iR-Z %, #6

FEVENG; AR & 0.3 mL/min; AR 30 C; ESI & F¥; E B U, KBE S 4 7 408 s = 08k

(70

mg/kg) Ji, TARMIEIL (0.083, 0.25, 0.5, 1, 4 h) MEHALEL, . M, W, B, W, 5. MNahia

Lk, BRSSPI IR AN RS SRR P Ak, A ZOR AR B >N SISt B SO, BRE L N
W (0.25h) APHAMLAE 0.5 h KBk E . &8 ZOnRRIE, B, iTEE, AT T AN E IR AU B k4
W,

K. MEIE AT 215070 ; UPLC-MS/MS
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vivo tissue distribution of bavachinin in rats

GUO Xiao-wei',  QIAN Jun™’,  GUO Fu-jiang’, XIE Fan®, LI Yi-ming’,  WANG Rui’,

LI Wen-yan®"

(1. Department of Cardiovascular, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 200120, China;
2. Department of Pharmacy, Shanghai Pudong New Area Gongli Hospital, Shanghai 200135, China; 3. School of Pharmacy, Shanghai University of
Traditional Chinese Medicine, Shanghai 201203, China)

ABSTRACT: AIM To study the in vivo tissue distribution of bavachinin in rats. METHODS Using an ultra-
high performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS) method, the analysis was per-
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