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Abstract: Objective To prepare osthole solid dispersions (Ost-SD), osthole phospholipids complex (Ost-PC), and osthole
nanosuspensions (Ost-NS), and compare their effects on the pharmacokinetics in SD rats in vivo. Methods Solvent evaporation
method was used to prepare Ost-SD and Ost-PC. Their existential state of Ost in Ost-SD and Ost-PC were analyzed by X-ray power
diffraction (XRPD). High pressure homogenization method was employed to prepare Ost-NS, its particle size and Zeta potential were
studied. The dissolution in vitro of Ost-SD, Ost-PC, and Ost-NS were also studied compared to Ost suspension. SD rats in each group
were ig administered with Ost, Ost-SD, Ost-PC, and Ost-NS, respectively. The concentration of Ost in blood was analyzed by HPLC,
and the main pharmacokinetic parameters were obtained. The pharmacokinetic behavior and bioavailability were also been compared.
Results The results of XRPD indicated that Ost showed an amorphous state in Ost-SD and Ost-PC. The average particle size and Zeta
potential of Ost-NS were (161.37 = 3.77) nm and (—29.16 + 1.83) mV, respectively. The results of dissolution in vitro indicated that the
dissolution of Ost was improved greatly by Ost-SD, Ost-PC, and Ost-NS. The results of pharmacokinetics in vivo showed that Cpax,
AUCo-+ and AUCo- of Ost-SD, Ost-PC, and Ost-NS were enhanced greatly compared to Ost. The bioavailability of Ost-SD, Ost-PC,
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and Ost-NS were enhanced to 165.92%, 138.46%, and 259.35%, respectively. Conclusion Ost-SD, Ost-PC, and Ost-NS can enhance
the bioavailability of Ost in SD rats notably. In addition, Ost-NS can give a better effect.

Key words: osthole; phospholipids complex; solid dispersions; nanosuspensions; bioavailability

IIR-F 2 (osthole, Ost) &P TERMEYIME IR T
Cnidium monnieri (L.) Cusson ] FEIEMER2Z —,
BABRIME. ProfReE . Jra s, suE.
09T NG T T 2 118 % 55 2 Fh 2 B4R USY HT
Ost BEWEMIE, PR T DR, PRt
PRI T 258070 A% . Rt Ost 7 i,
T2 1o AR R P o 1) 2 T AR U e i AR
MEVEAE G AT SR G IS BOR B K R S v
1R R ST A 1) FE RELTO), (R VA BRI KB
PER AR B FE B AR AR SGHRkIE . H A
NARRT Ost HilFFI A0 T A TR B A 7o RBEgK
P RS ARl & RBENER. BEEAD
(phospholipids complex, PC) 1A] [&] i i3 254
NRE I BRI, M RSO, 2 2k 25
[E A7 Bk (solid dispersion, SD) 2141 i i ks
YLATEERS . BERIRAS m BE A E T oKk R r T
MR, SEINZ5YDVE IR R S R 2R, AR =Y
VIRIFEE . 9oKIE BT (nanosuspensions, NS)
Bk — 7 P ) R AW e s A 25 A ) BT oK
JRe A oy Hil A R USEL, ARG 25 ) L 3R T AR A 5
B IE A, ey osse, et
9IRS, BT PC. SD NS #il# T2
FERFfET B, R PTIS ERC R, DR EASHT FEKs Ost 43
4% % Ost-SD. Ost-PC F1 Ost-NS, FH:%it 3 Fliifl
FFA RS AR N T T, PR i R
(Ost-SD f Ost-PC) MAPKFLA (Ost-NS) Hitrid
VIR BERE L, DR Ost il 77 B Ath i v 1 A 24 3% 1
BCo3 BRI K AR SE S 2%

1 SR
1.1 X

MSE125P-CE B! HiFK*F, Sartorius Group 2
Al 1200 B AORAH (54, DAD kill#s, &
TR AT R200 B 78 %X, BUCHI A #];
CJ-78-1A YR 1Bt #12% . DZF-6050 B4 325 T 1544,
R BT 2 ZRS-8 U REVA AR IR AN,
RER2TCLH); DS Advance %Y Xy A S 26 A7 5
1%, f8E Bruker A]; 110-L2 B & R HAL, Mfic
AF]; Nano ZS90 BAKKLFEAL, JElE Malvern 2y
Al XW-80A Bt A4, FIgERLRFANEET
NAI-DCY-12YD BB AWM, b S SO 25 A 4%

AIRAH] .
1.2 MREE)

Ost JFE R Zy, iS5 PH20160514, Ji & 7%k
99.1%, FRBEAEDM T AF; Ost XM, #its
S-008-170426, Jii 7 40>98.8%, AN B AEW)
BHEA IR A ] 5 2 By FE i #iE5 110708-201407,
JREHCN 99.2%, FEE ML M e A &
IR BER (PVP K30), b5 25000240379, %
[ Ashland A F]; KSE8EAE, k5 PC-98T, %k
FBEAREAIRAE: 1E7Eg SD KR, MEME
F, B A S s by, A PR YEATIE S SCXK ()
2016-0002, f&JiiE N (300+£20) g.

2 FHEEHR

2.1 OstZENE

2,11 s @ik Hypersil Cis /£ (150
mmX4.6 mm, 5pm); R 322 nm; FEIFHA
HEZ-7K (60 :40); A 30 C; AFGE 1.0
mL/min; HEFEE 20 pL. FIBEHRELL Ost iHHEA
KT 8500

2.1.2  FrdEMIZE  FEEFRE Ost XTHE M 10 mg, %
2 50 mL #EH, W E A 22 FE RIS i 2
4 0.20 mg/mL ] Ost % HE il 5. K H - 7K
(60 : 40) F MBS EIKE N 50.00. 25.00.

10.00. 1.00. 0.20. 0.05 pg/mL [ 551 Ost X5
T . HPLC MK E AN IR EE (O %I
WA (4D, B2 h 4=1.816 5 C+
3.1547,r=0.999 9, Z& %6 H 4 0.05~50.00 pg/mL.
2.1.3 KEEEES BTEIKREHN 50.00. 10.00.

0.05 pg/mL 1) Ost X HE S, 43 & SRRl 2
6 0, WHEMNIEREIEEE. SRER, &,
WL AR EIRE R Ost XHHR SRR RSD fH 77N
0.22%- 0.19%F1 0.93%.

2.1.4 FGEMEES  FEEMEL Ost-SD. Ost-PC Hl
Ost-NS i& &, FIEEE A I ER A2 25 mL. 70501 0.
2. 4. 6. 8. 12 hEFEMISE Ost T, FFitH
RSD fH. 45 &R, Ost-SD. Ost-PC il Ost-NS
ARG RSD {E 7 514 0.62%- 0.79%1 0.48% .
2.1.5 EEMEFE L “2.1.47 TR 3H& 6
#3 Ost-SD+ Ost-PC Al Ost-NS s fia i,  BERE
SEVETHRY, FEiHE RSD . 53R E/R, Ost-SD.
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Ost-PC Fl Ost-NS W[ RSD {43514 1.14%.
0.69%71 0.93%.

2.1.6  INFEESGERRTE RS EPRELC AN Ost & & 1)
Ost-SD. Ost-PC Fll Ost-NS &, 2> HInA Ost Xt
HRTh, TN 25 mL RS P IR 8 45, 54T HPLC
W, FEhE RS, 48 2R Ost-SD. Ost-PC #ll
Ost-NS H Ost [FI %A 98.72%197.89%F1 100.11%,
RSD fH#)/M T 1.41%.

2.2 Ost-SD WHIE R EERTSHH

1 HIFREL Ost A2 0.2 ¢ F1 PVP K30 1.0 g &
T=fbstd, A 100 mL /K 8. WERL)
PiFEEsIR v 45 °C, H# N 1 000 t/min, FFEEE
EFE 5.0 h ZIEIR RETE . BB 2RREm,
IR R LA WA (45 C), WEREY, W
73 Ost-SD, fRAFTTHEER .

XRPD #1344 Cu-Ka 8, HLE N 40 kV,
FIEE 8°/min, 20 K 3°~45°, 4%} Ost. PVP
K30. #HIEEY) (Ost-PVP301 : 5) Al Ost-SD i
T, B LE 1. STk PVP K30 2 —F
AT e BRI, Ost & —Ff L 78 fry 48 7
Y. Ost 5 PVP K30 il £ /% Ost-SD Ji&, HAFTEIR
SHAMERA NS, Ost 5 PVP K30 K4
RGP XRPD I3 75 v W %2 31K & 1Y Ost FFIE
fm T, LRE Ost AEVIIR AP A RS R,
(Rl Ost-SD AN [F T YR & Pt —Fh i -

,faf”"m"*w"““‘i‘”r“*‘w“.-ﬂm"""““ﬂqa‘mizit§£l¢m»

PVP K30

. _J ,Lu.u l’LL__q_.}LK_M yEL ?Eﬁ'i@
|

__;ltJUA JJJ..J\J“_._JL Ot )
21 27 33 39 45

3 9 15
20/(°)
1 Ost. YIEEAYK Ost-SD #J XRPD [Ei&
Fig. 1 XRPD results of Ost, physical mixture, and Ost-SD

2.3 Ost-PC BHlE. EERNMNERBFERSIH

Sy HIFREL Ost JEEIZ 0.2 g FIKGRERE 0.65 g
BT =AMk, A 60 mL fIV0E Mg, 7R1%
B WEMIWAEEE A 45 °C, HdEN 1 000
t/min, FFEAEEE 4.0 h BEBARBE. HBER
JRBENE T, IR ZA PR (45 T, Uik
TREAY), B3 Ost-PC, fRAFT TR+, BT Ost

MV T A ik, T Ost-PC 76 f Bk 5% . %
Ost-PC NN B A7 ik P B v s DB 5 WS 2 g
o IR BEARR LA VIER, UEERA&, HPLC
5E Ost & (X))o 5 Ost-PC E&ER=X1/X,, H
X AXFE Ost-PC ' Ost i, Xos& Ost &Ll &E.
HsRIE 3 4k Ost-PC ME &%, 5 REREARY
1E 99%LL I,

XRPD A% AEE “2.27 Hi. 43 HI%F Ost. K
GHEAE . MRS YA Ost-PC #E47194, XRPD K
WEILE 2. Ost 5K E BG4 R Ost-PC J&, A7
TERA i BUSHA N oE BAS . 1M Ost 5 KT
HE RISV XRPD 14T v W8 3 K& 1
Ost FFAE fh 06, Tt BH 3 B AR BRVR A5 AN RE B0 Ost
AEAEIRZS . Ik, Ost-PC 2 ANFETHH IR A
— P .

Ost-PC

KW

i BE
Y Ty m,.\w_h_f??ﬂj”
7

| __J!J Lo, lLJL..LwL
15

3 9 20 2
200(°)

E2 Ost. ¥IEREYE Ost-PC HJ XRPD EliE
Fig. 2 XRPD results of Ost, physical mixture, and Ost-PC

2.4 Ost-NS BUHl&. RS 7R Zeta BBALNE

FREL Ost J5KL245 0.2 g, ¥+ 20 mL Jo/K 41
H, fEAENUE. FRELCPVP K30 0.2 g K E i
0.1 g W#T 50 mL 281K, VER7KAH. W BT
PEFEARIE N 70 C, ##E )y 1 000 r/min, K Ost
(R AT LA 22 02 Ik N AR Hh o 3 % 22 R EC e
PR RZEHRSE (70 "C), 19 Ost IREW . ¥4 Ost V&
BIRAE 60 MPa J& /7 N5 4 ¥k, 7£ 120 MPa J% /)
TFE 6 YRI5 Ost-NS.

I Ost-NS SR ZEMKFRE 8 faHBEE
M, 43 A5 Ost-NS [IkifE 534 K Zeta HAL.
Ost-NS “F¥kifE N (161.37+3.77) nm, EEW
BPEFEE (polymer dispersity index, PDI) >4 0.108+
0.022, HAIEFEDLE 3; Ost-NS [f] Zeta HLALA
(—29.16+1.83) mV, #i7FEE HLIA 4,

2.5 INBEMR
HY Ost. Ost-SD #1 Ost-PC & & (LA Ost i, &

Ost
)

3 39 45
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BN 15.0 mg), NN 3 mL % H A5 % TR &
. K Ost. Ost-SD. Ost-PC VBRI Ost-NS 45l
R ENTAS, WL S W E IR A ECN 100
t/min, #REH 37 C, KH 0.5%FF LALEE 80 11
pH B R Eh 2l VR i th A U7, AR FHR 900 mL.
T EURERS 8] AL EURE 3 mL, AR M IN 3 mL 3 A5
DL HPLC VEE Ost &, THE S ANIURER (8] 211
EREH R, 2] Ost. Ost-SD. Ost-PC VR B AN
Ost-NS VR RIMA H ik, SR WE 5.
Ost-SD F1 Ost-NS 7B &% 73 HI/E 60 min F1 45 min P
AT, T Ost-PC BV H R A5 I A] () 185
DO HEI, 7€ 240 min N RARIEHFN 41.67%, Ost
£ 240 min N 2RV H ZAH 19.53%. Bl Ost-SD.
Ost-PC A1 Ost-NS ¥ a] #i i i Hhod 28 BV H 2,
T Ost-SD F Ost-NS it it 2595 th U R 6 N &
2.6 SD KRARANEMR

2.6.1 A KIFERSEE B SD KER 24 R, FRaEL
SrRCA A, BHe R, R 1d, HHUK. 1% Ost

{
i

1 10 100 1000 10 000
Fi4%/nm
B3 Ost-NS K257
Fig. 3 Particle distribution of Ost-NS

-150 =50 50
Zeta FAL/mV

4 Ost-NS HY Zeta 2L
Fig. 4 Zeta potential of Ost-NS

100 - — ™ 5 & -
4 —— (st
80 —&—0Ost-PC
© J —+—QOst-SD
% 60l —2—(Ost-NS
H ]
X
= 40+
=S
M -
20
0 T T T ; T T . )
0 60 120 180 240

t/min
5 Ost. Ost-SD. Ost-PC F Ost-NS BI{FsNA B Rk
Fig. 5 In vitro dissolution curves of Ost, Ost-SD, Ost-PC,
and Ost-NS

it 20 mg/kg FIE 345 T Ost. Ost-SD. Ost-PC Fl
Ost-NS VR =W, 73T 45 %5)5 0.25. 0.5+ 0.75 1.0+
1.5. 2+ 3. 4. 6. 8. 10, 12 h KA HRHEHLM 0.3 mL,
EBMBEBEESIRENRRENELE Y. BEE
2 500 r/min 2.0 3 min, W EZEM, #ET
-20 CUKFE.

2.6.2  IFRIEBCFINT BE S O] RS S RREU K
(AR XA 10.20 mg, A HFEEEZRZE 10 mL,
B R HEEMBER 1.02 pg/mL. HU Ost X & 5
fits £ W — P O o E R B2 20,04 50.04 100.0.
125.0. 250.0~ 500.0 ng/mL [ & %1 Ost XJ B SR -
2.6.3  IMBEAEMIALEE RS BRI T =
T AR o K5 BT 200 pL A2 50 uL (N ARTE TR E
FEOLET, ALK 3.5 mL, #®HE2 min. =i
2.0 10 min (8 000 r/min) J54> & _FEHHAE R
—THELEY, TIREAN 45 CHMHTFAREE
T THREYIFINA 200 uL FENMIBHT 2%, &
B0 4 min (8 000 r/min) J&#E{T HPLC Wl5E .
2.6.4 FrAEMIZRERH] B “2.6.27 TR Ost &
TEE [R50 R ARV 200 L AT ARTETR 50 ul, TR
FER 45 CH&AFRIZEERT G A 200 pL 75 H
KR . % “2.6.3” Jrikkbs, DL HPLC &l
SE Ost S REIREE (O BT (49 KW ARIETH
R UD. IEE (444D 5 Ost FLEIKE (O
HATLRYERNE, /3 [EE77FE C=183.58 A/4i+4.11,
»=0.989 4, Pt Ost 7 20.0~500.0 ng/mL 5 W&
MR R B, AkEILKE 6.

2.6.5 JjiESEIAE A3 AEUR. B (20104 250.04
500.0 ng/mL) 3 ANJF IR IR Ost I % R v
% “2.6.3” Wi F ik, #E47 HPLC e, FFit
A5 H ADKE %5 B 119 RSD B 23774 10.64% - 8.12% %
5.38% (n=6); HWHE%EE RSD 1514 9.57%-
7.22%% 6.45% (n=6), =5 [ I3%Ae IR E N
20.0. 250.0. 500.0 ng/mL ] Ost MFFES, HH47
HPLC e 3 H &N R iR B e AR, iy N2k
PEENE R E I EAE, 5 SePRmEe o EIR AR L
BARECR, MEEERER, 3 B EKE R
R TE 87.05%~94.18%, H RSD {H4/NT 8.62%.
B 2EAE L2 30T 04 124 24, 48, 60. 72 h #HT
HPLC JU52, MM EAWER, 115 RSD
. S50 E/RIMFFES RSD N 8.43% (n=6), i
B I SRR 25/ 7E 72 h EEATRE .

2.6.6 ENZFNFEHIE 4 Ost. Ost-SD. Ost-PC
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B Ost
l bagidli
rII|
N L_w_w | 'L__W
Ost
C ’ FE B 1y
A
0 2 4 6 8 10 12
t/min

6 TAMR (A). MEHRRK (B) MMR+3IE R
(O)BY HPLC &iL[E
Fig. 6 HPLC of blank plasma (A), plasma sample (B), and

plasma + reference solution (C)

A1 Ost-NS VR Z R M AAE AT Ost & &ENE, 4
il 24 3 B - ) Hh 48 (&1 7). KA DAS2.0 24305
B A EHEE, FEAGHFESHNEK 1. Ost
TR fmax~ f12+ Cmax F1 AUCo- 235108 (1.23 £
0.21) h. (2.86+0.47) h. (117.31%20.05) ng/mL
A (421.15+66.37) ngh/mL. Ost-SD 4] tmax 3
FZVERRERT (P<<0.05); T Ost-NS VRZE IR tmax
FEAEJS (P<0.05). Ost-SD. Ost-PC A1 Ost-NS
TR Coax A R E TSR (P<<0.05. 0.01),
5 Ost JFRIZGZHAEL, Ost-SD. Ost-PC #l Ost-NS
S 1 IRAR S AR R FE R ST 22 165.92% 138.46%
F1259.35%. K Ost-SD. Ost-PC F1 Ost-NS J1]
fRR3E Ost A4 PYNTTRIMR ST, $ i A P R B

350
~ —+—Ost
é‘ 250 E’ \ —=- Ost-PC
& / '\} —— Ost-SD
= AN —e— Ost-NS
21501 [ Y

50 s 3 .

o 2 4 6 8 10 12

t/min

7 MZRE-FEHZ (x+s,n=6)

Fig. 7 Profiles of plasma concentration-time (x £ s, n =6)

x1 EBHANFSH (n=06)

Table 1 Main pharmacokinetic parameters (n = 6)

ZH L ¥ Ost Ost-SD Ost-PC Ost-SN
fmax h 123+ 0.21 0.73+ 0.16" 1.11% 0.18 176+ 0.29"
i h 2.86+ 0.47 3.13+ 0.56 2.93+ 0.51 421+ 078"
Cnax ng-mL! 117.31£20.05 203.81429.37° 161.01+26.47 290.83+ 52.08"
AUCo- ng'mL"-h 421.15+66.37 698.78+91.94* 583.134+74.69 1092.26+114.27"
AUCo ng-mL"-h 434.21+71.24 711.53+£98.28" 602.174£79.16° 1117.914+126.52"

5 ost lb#: *P<<0.05 **P<0.01
*P<0.05 **P<0.01vs Ost

3 g

HTHARE 7T 45 B R, Ost-PC ()52 &3 3 A2
FIEF WA, Qst 5 PC im k. Qst FiRIK
FESERI R . AT R L AN [H] il 2375 (TeaK
L. N, TKOEE. BERE B8 DU EE)
HEAT T %2, 45 5 IR Ost-PC 78 PU A kIR h 2 &%
feim, DRI 8 DY SR AR A & 7. BARBEE
Hl IR T, Ost-PC B &R, HIRE
N AT RE e s i I AR M, SR G B R A A
SEFI &N 45 C. 1E Qst HE —EMHKMET,

W6 6 B i FH S PR I 52 6 ARG N, (HBE i FH =
I K1) 2% 1 Qst-PC bt K, th &t ple i Mg 44 )
RS, FRZAER KT HEHEN 0.65 g (1E
Ost HE N 02 g A F). Qst FIEIKEXT Ost-PC
(52 A 2R N, A TR T Qst Tk
JE41°8 3.33 mg/mL. &5, &Rk T7 T2 6%
(1) Ost-PC, HEAZHIAH] 99%LL |, Ost JLF-4
S EIE R T Ost-PC.

AR T A TE 24540 - [ 4 43 WO 1) 71 BR AR R
TR LK, Ost-SD 3 BLAZ IR Bl A
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¥ Ost HEMAMEEEFZRL . 75552
T F68. PVP K30 Hl PEG 4000 254 4A M EL%F Ost
T H RN SR ARV HH F R, R PVP K30 AR
B fE. Ost-SD B% PVP K30 FI &N, ¥
RAIFREIE 0. PVP K30 A &3 KB 23 i Ost-SD
TR BT B, 23— 2D B R S U AN
W2 FE PVP K30 MEHNR 2% . Rt 21+ Ost 5
AR RN 125,

Ost-NS il i 2 3= B2 R MG PE A 25 % 7
A TR RELRIREe o 2 TH0 v 1 e I R B T R R
T, $EAESTARAIBE . R HE R S E RS, FHIEgk
Wi RE, REERNEEE. AR G
TR VOIS 188, PVP K30, Wi & J 1LALES 80 254
BHEAT T i . ARERKHARCIERE. sl
188 K ILALEE 80 3R MIAKRRAAEIK . Bk
TGS, SRTH IS 1 7R AR B A B I B T 3RS R R
N FREMRGE NS, R4 A PVP K30 il
GUEENE OB 2 1 1D R RRIEMER . WlE s R
R, Ost-NS “FHJRif2 N (161.37£3.77) nm, Zeta
HAN (—29.16+1.83) mV,

B EERT T 45 7R, Ost-PC 7E— € FERE
FHEINT Ost A HE S R BRI . TR
RS TR —MEEEDR, HEA—EME
IKVE, ¥ Ost il 45 A% Ost-PC J5, Ost-PC 5 £ Hu{f
BT BENE RO, B ZAE Ost-PC H Ost f¥A H
Je RS R I 32 8 7 — 52 PR . Ost-SD F1 Ost-NS
ARG R IT T 45 B A By ] 2 bR Ost PRidiv
e [HPERNZAZN AR IEIR, Ost-SD B fmax o
FZEERTE (0.7310.16) h; 1] Ost-NS [ fmax 20 ZE
JG % (1.7610.29) ho Ost-SD i iy i35 TEFE T,
LRSI SR N AEE— @ ARG, 5289
HCR (BLPVP K30 NE k) AHRF). Ost-NS [ fmax
BEMEE, XANERATEERE Ost-NS FiAERN,
CUIREN B i 5 R I 7E B g B R N E
LY [ g == 78 = i3 = L 3 T
RAEBEWILEG. Ost-NS [t SEMERIN, i
Ost-NS 3451 1 Ost 7EAR N TEIRIT [E], B T 2541
RIS, 9 14 58 24 2% B B Aill o Ost-SD\ Ost-PC
A1 Ost-NS ) Crmax ¥ B E MEFE = (P<0.05. 0.01),
55 Ost AH b6 H AR X AW H) FH BE 73 il 2 w1 22 165.92%
138.46%F1 259.35%. 1 BHIX 3 Fh il 5 (2 I E
., ARRRSE RAAE— 20, Hd Ost-NS
TSR F B AW E o 1H Ost-NS ] Cunax PSR 5

WK, TR RETHORIE, BRI
B BTIE, T OstNS 4 TR AR I
PR R ALK, W A, it
LES P RRIE 3

SEE
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