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Preparation, Characterization and in Vitro Solubility Evaluation of Osthole Nanocrystallization Based on
Wet Medium Grinding

WANG Mengyan', YANG Man’, JU Qianru', NIE Jiaxuan', GAO Dan', LIU Xigang' , CHANG Jinhua'* (1. Hebei
Province Key Laboratory of Research and Development for Chinese Medicine, Chengde Medical College, Chengde 067000, China;
2. Pharmacy of Traditional Chinese Medicine, Cangzhou People's Hospital, Cangzhou 061000, China)

ABSTRACT :OBJECTIVE To prepare osthole( OST) nanocrystallization and evaluate its characterization. METHODS  OST-NSs
were prepared by a media grinding method, and the average particle size and polydispersity index ( PDI) were used as indicators to
optimize the formulation and process parameters. The crystal morphology, crystal form, and interaction between OST-NCs and stabiliz-
ers were characterized. Their surface wettability, equilibrium solubility, and in vitro dissolution in various media were investigated, and
the f, value was used to evaluate the similarity of the dissolution curves. RESULTS The formulation and process parameters for pre-
paring OST-NCs were as follows: OST (3% ). PVP-VA64, sodium deoxycholate 25: 5: 1, the volume ratio of grinding beads
(0.4 -0.6 mm) to OST suspension was 2: 1, and it was ground at 450 r - min~' for 70 min, and 9% mannitol was used as a
lyophilized protective agent to prepare OST-NCs. The stability of OST-NCs decreases with increasing temperature. After reconstitution,
the particle size of OST-NCs was (354.2 £9.857) nm, the PDI was (0.259 £0.023), and the Zeta potential was ( —22.2 +0.896) mV.
OST-NCs basically maintain the rod-shaped crystal structure. There is no interaction between OST and the stabilizer. The surface wetta-
bility of OST-NCs is better than that of OST and its physical mixture. The equilibrium solubility of OST-NCs in pure water is 231% that
of OST. Among the six dissolution media, the dissolution rate and cumulative dissolution of OST-NCs were significantly better than
those of OST and its physical mixture. Additionally, the f, values for the physical mixtures were greater than 50, whereas those for
OST-NCs were less than 50, as compared with the dissolution curves of OST. CONCLUSION  The results show that the
reproducibility of OST-NCs is good during their preparation. The grinding temperature should be reduced, and the grinding time should

be optimized. The dissolution behavior of OST-NCs is significantly different from that of OST. The reduction of particle size is the main

EETE e A ARERE S H ¥T B (H2022406073 ) 5 b 45 Hh e 5| S35 BHSUR R ¥E 4001 F 98 B (246225046 ) 5 b 48 i 528 A B2 4L
ARBFFEHH BT B (ZD2022121 ) 5 AKGE R 2 Be Hh 22 RHE S H 92 Bl

EFEEN: B, L WO BRI PR EIRERE W RAE, o B, BB BRI RS 1A 25 R
5 HrH AR Tel: (0314 )2290629
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reason for the improved water solubility of OST-NCs. These results suggest that the nanocrystallization strategy based on media grinding

can effectively improve the water solubility and hydrophobicity of OST and has a good application prospect in the development of new

OST drugs.

KEY WORDS:: osthole; nanosuspension; nanocrystallization; media grinding; quality evaluation

B 2 B R BB AN E R T R
T WG, #NE P25 RERS 2 F TR A B T A
it o MEIRTZ (osthole, OST) J&—F /N FHE &R
FALEY), R 2R TR EEAA SO, B R
IR . B2 BB 5E & B, OST Al Uil
I AKT/eNOSsGC/PKG 55 38 % fi i it 15 &
A TR A A B, e s A E
P Pk, OST & — Rl Ak A il 5 1 B 16 B Bk
FATE W 245900

HE R A 2557 2 5y K R 58 (BSC) , OST J& F
BSC I 2, HA R 1k & 8 3 PE YRR AL, TREZ
RSB 52 2 W1 OST 4 xif A 9 A FEE AL R 2.22%
UTERAE | T WSO OST il sl sk 2 R 48
PR HAE YR R, (HaX S 2 R G A7 A0 3 2 it
R AL FIIREE Fee b 2e Bt

AR AR H /D e RS E I 4K B 7Y
55 EUAR R R LGS 25 s K P 25 1Y
RO B 25 A 2 i AR E T R
BB S EA I 24 W 1R AR R A ORI
YRR R A& A A iR A A R R RR
2 BT UESEAN ) ] 45 07 1 06 40 K TR A T 1 ) AL
SV A — R, R A TR vk LA B A
i B 25 T ORI 45 A O, T ELYEAR R 25 4 i 4 2
TR A T TR R 7 TR

DRI, AR 58 400 R FH A oA B 3 o 4 s PR 7 R
A TRER I (OST-NSs) |, >R I 8L R 28 2% 5 fifi v L Ak
J7 FWFEE T2, R VR TRk kA 7 [ 4k 15 2 g K7 &%
KL 5 (OST-NCs) , F X HIE AR | SL Y e PR 4%
W BRAL2EE JT HEAT A, [7] A 2% ¢ LSV 14 15 A B2
FEZFPEE A T i B, ARERY B A
OST K% FIEE B OST-NCs #F5T , #2452 06 % 4 A
BB

1 # #
L1 flg

Agilent1260- TT 7 g 20 AH € 143 ( 55 L HE1E
/A7) ;RC807DP ALy H IR A (KT R KK & B
HA B D) 5 TR S0 ZEN3690 FIEGR A2 A0 (35 [
HIRSCAT]) ;QM3SP2 A7 B Bk EEAIL (R 5 9t It
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B R BARRA ) ;LGI-22D BIA ZR THAL (dba
PURRRLF AL AR ) 5 GTCS-2013B AU i 4k 37 # ( 4
IR RFESLIANAR) ) s W TP FEAs (LL BT s
ABRATF) s KQ-300 BUE 75 i i v a4 (R 1Lk ) 3
AR A PR ] ) s Theta Lite $2flf4X[ K B AT
( b)) AR ]
1.2 %% 57|

OST st 2 (V5% RAEY TRA BR A A, 4l
B :98% ,41t'5-:201910) ; OST X B8 Ay ( Bl AR A A
Wi AR A R4S Al it 18032005, 4fi B : HPLC
97.85% ) ; R LA - £ PR £ W TR AL R ) (PVP-
VA64) (T[] BASF 2vw]) s AR, (Ut g BafE
Har B SA A s HEERE (U KA LR R 2
SR A BRA D) s 22 2008 (Ll R R A BR A
) s HEESERE (bt KL K B2 25 By A FR A vl ) 5 £
iR (R4 Lionl) ) s SRkl (R EILL A
RS H]) s BERR — A8 (CREENDCE BH R RA R A
Al) s RILAY 80 (R IAMM K AR ; I EE H
PR R T2l 5 LERB G ALK .

2 FEEHER
2.1 OST-NSs H#] %

FEE PR HUE 5 PVP-VAG4 FI A IHER B, & T
100 mL BEFR i, s i 2 3 /K, B FE i i PR
it OST JUk2h A B AR R, BEHE 31, B %
OST JREM . EIEEN 0.4 ~0.6 mm & fLEEHT
FEZR, B TOTESFES  He f—E MR FR L, A OST iR
R T RS B 2 T R R AL, B
BE T 2280 WS — g it a5, BI45% OST-NSs,
2.2 OST-NSs 4 7 f1 T4 1y 6
2.2.1 CPHRARMZrECRE(PDL) B E K
I OST-NSs 10 L, 25 851 /K i B 400 155, fift
FHE IR SCHOECRLAR AL ZEN3690 I 7 # B 5 1Y OST-
NSs F-¥5 5 42 F1 PDI, OST-NSs Hi 7% fil Zeta Hifv 2

%JI_LIAIE] 1 ~20
2.2.2  FREMIFPE geHE OST By it ik 2

30 mg - mL~", OST 5% 5 71 i) Ji i e J¥ HE Ry 501,
OST VR B S EE SR AR FR L Ry 12 2, BIF B 3 By
450 r - min"', BFEEES ] A 70 min, $ZHE “2.17

rpE 252 gk 2024 4F 11 57 59 455 22
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Fig. 1 Particle size distribution of OST-NSs
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Fig.2 Zela potential distribution of OST-NSs

iR 77 il 4 OST-NSs, LASF-HJki4% 1 PDI 4y 48
b, ek @ R Fh 2, 45 SR OL I 3

I Particle size

50004 _s— PDI r1.0
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g
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a
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B3 A A 2 Xk K F & 41K R & R (OST-NSs ) 41 42 A
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Fig.3 Effect of stabilizer type on OST-NSs particle size and
PDl.n=3,x x5

P 3 A) T, SR A R A 28 ) 2 7] ) 45 10
OST-NSs, H V- R 12 A Bl o (381 ~4 766) nm,
PDI #y 78 4k 38 B & 0.213 ~ 1.000, FH A DL
PVP-VA64E Ny Aa e A, il 45 (1) OST-NSs {7 Yopkife
/N, H (381 £5.285) nm, H PDI 7£ 0.2 ~0.3 2
] PRI, AW 5T £ PVP-VA64 23 (Al F e i)
2.2.3 OST 5 PVP-VAG4 [y fRta ikt [EEzy
ViR B 30 mg - mL™', #E$ OST 5 PVP-
VA64 1R B R b4 32 5:1,10:1,25:1,50: 1,
OST R W S WS BR AR Ly 122, DB S B

T E 2GR 2R 2024 4 11 H 55 59 55 22 )

450 r + min "', BFEEETE] A 70 min, #4217 W R )y
1114 OST-NSs, L4481 42 Fl PDI g 4545, i & 24
YSRERM R RERELL, 25 R ILE 4, HE 4[]
H1,08ST 5 PVP-VA64 [ it Ry 5: 1 B4R
/N, 375.1 nm,

0] I Particle size r0.50
= PDI 045
500
I~
g 400+ .
]
N
% 300
2
S
g
A 200

100

Sil 10:1 25:1 50:1
Stabilizer ratio

B4 AT A ] X OST-NSs #r 42 % PDI 8y %, n =3,

xts

Fig. 4 Effect of stabilizer ratio on OST-NS particle size and
PDL. n=3,x+s

2.2.4  ERGRER SCERL16 [ B EE S TR
B RN TS R A A 2GR SRS R e A, AT L
L AS AIRRE , A R T 080 IV RE A A e A Pk o
SEZ YA A 30 mg + mL™' OST 5 PVP-VA64
HY BT EE LA 50 1, OST YR AR 5 WF 5 B 1 (A1
F oA 122, FF B8 3 3 O 450 « + min ™" BfF B () A
70 min, BEPEFR AT P ) (WEAAIHER B4 F0 SDS) S fa
FEFN 2,42, 17 TN J7 ik il % OST-NSs, DL kL
T2 PDL g dE 5, i B IE-A A0 7 0 L], 25 58 0L 3%
1, f3% 1 Al 358 PVP-VAG4 Rl AH FREN1E R
BCARUEN, H Bk B Lo 50 1 1), ~F- 2k 42 il
PDI #4847

F1 B4R EH 5 OST-NSs 4 42 #2 PDI W % .,
n=3,x*s
Tab.1 Effect of combined stabilizer ratio on OST-NSs particle

size and PDI. n=3,x £

PVP-VA&4 +SDS PVP-VA64 + sodium deoxycholate

Proportion

Particle size/nm PDI Particle size/nm PDI
1:1 711.4 £25.13  0.241 £0.028  631.1+11.28  0.377 +0.078
2:1 540.7 £0.078  0.250 £0.078  528.1+0.078  0.358 +0.078
5:1 504.7£0.078  0.215+0.078  323.4+0.078  0.197 +0.078
10:1 417.0+£0.078  0.180 £0.017  402.4 +0.017  0.294 +0.017
20:1 585.2+0.017  0.336£0.017  394.5+0.017  0.190 +0.017
2.2.5 OST R EF & OST: PVP-VA64: JIii 4

HERREN B B e EE O 25250 1, OST R ZIR - ST 2R
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FOARTR LA 122 AFBS 3 450 v+ min ™" BFBEI ]
370 min, #2175 F 73414 OST-NSs, L)
BrkiAe M PDL Ry $5 4, i 1 OST Ji & ¥k £ (10, 30,
100 mg - mL™") SERILE S, &S 1,25 OST &
VA 30 mg - mL ™', OST-NSs (13- 2460 42
PDI #7557

500 I Particle size 030

—=PDI

450+
400 ™~ . 025
Ry -0.20

300+

250 0.15
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200
150 roo
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50+
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p/mgmL"!

Bl 5 2547k F %t OST-NSs 4142 & PDI 8§ %", n=3 x s
Fig.5 Effect of drug concentration on OST-NSs particle size
and PDI.n =3 ,x s

2.2.6  WHENAHE [ OST ik il
30 mg - mL™",0ST: PVP-VAG4: [Jii 48 JIH i & f1%) ot =
R HE Ry 25:5: 1, OST IR ERAAF R 30 mL, Bif &
K450 ¢+ min ™" BB ] A 70 min, DLSE YR AR
A PDI Jyda b5, i B 2k 5 OST YR 2k AR 1L
(1:1,1.5:1,2:1) 25 R Wk 2, k2 vl H0, FEE
TIPS B A4 FH (9 438 i1, OST-NSs [ - 3500 42 0 /), T
PDI AN AR | I L i R AT 2 F S ok 1) L e 3
TR, AT FES s PN 245100 5 O S o A A A R A 3 i ey, AF
P Ak R e O M TR . DRI, B %
PSR OST IR B AT L 20 1,

R2 HHEKRSG OST 3B & B9 ARt xf OST-NSs 142 41 PDI
W, n=3,x+s
Tab.2 Effect of grinding medium dosage on OST-NS particle

size and PDI. n=3 x5

Proportion Particle size/nm PDI
1:1 480.7 £7.582 0.230 £0. 061
1.5:1 460.7 £12.17 0.262 0. 11
2:1 334.1+2.577 0.211 £0. 048
» 2 =R >
227 BREHIEGH [EE OST R AL b

30 mg - mL™", OST: PVP-VA64: JIit 48 JIH 2 4f 114 ot &
WeRE Ll 25:5: 1, 0ST B AR AAF Ry 30 mL, AR5 B
55 OST IR B AT 2: 1, WHEE RS ] 8 70 min, DA
PR AN PDL S48 45 , i 2 B 5 3 B (250,350,
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450 r - min ') GER L 3, tHF 3 A, Bl TS
T 3 AR A B 2 /) , 3K A2 PR A Al A 4 A
YY1y R R, S ECIOR R R, I,
W T RE 450 v+ min '] 4& OST-NSs,

F®3 A X OST-NSs 2 4n PDI By 7 , n=3,x £
Tab.3 Effect of rotational speed on OST-NSs particle size and
PDI. n=3,x+s

Rotational speed/r + min =1 Particle size/nm PDIL
450 334.1+2.577 0.211 £0. 048
350 355.9+0.153 2 0.210 +0.039
250 487.4 +£3.510 0.291 +0. 030
) Paed =N N
2.2.8  WREEESAE S [ OST JEht ik &

30 mg - mL ™ ,OST: PVP-VA64: JIit %2 1B 2 £ i) o &
WP EE A 25:5: 1, OST REIRAARFEUN 30 mL, W BB
5 OST REBW MM R 2: 1, WF B 3 &N
450 v+ min ", LISERPRIARFD PDL N FE 5, 0 e iF %
A 1E] (10,20 .30 .40 .50 .60 .70 .80 min) , Z5 R LK 6,
11l 6 WTAT, Bl AT S B (] F) 398 m, R0 A 00, {H Y
TS A 6] 8 525 70 minfF, OST-NSs {144z 42 4 74 488
SR PR Ay Bt o AT B EF ) 79 S 4 F B ok R v e
R 22 (R DR A1 5, U NSs Rk
I, RS E] 2 70 min

1000 B Particle size _ | o
—a— PDI :

Particle size/nm
PDI

10 20 30 40 50 60 70 80
t/ min

Bl 6 e E] %t OST-NSs #1240 PDI 8987, n=3,x s
Fig. 6 Effect of grinding time on OST-NSs particle size and
PDI. n=3,x x5

2.2.9 BHFAE KSR PVP-VA64 180. 0 mg,
Jii A HAR HH 36. 0 mg, #F 100 mL BEARA,Ji 30 mL
LB T K, BEHE I s FHOREORT % PR E B OST
900. 0 mg il ARG E I, EFE T L, T OST
TREW . BH60 mL B2 0.4 ~0.6 mm 5L
BEOTIE R, BT UL R, A OST IR B, B>,
R AT P e T 2 AT R KBRS AL, BB AT I i 5

FPIE 22k 2024 4F 11 H 55 59 #5455 22 M)




450 r - min ", BFEE 70 min, B3 OST-NSs, 17145
3RS . DUERESLE- SR04, PDI F Zeta FLAV,
RN K4,

HH 4 AT, 3 AR S kL AR (PDIL Al Zeta HL A
AR — 2, RO T TS T2 R PRy, vl
FHF OST-NSs il % o

R4 OST-NSs s 7Aoot JE T Bk i B, n=3,x s
Tab.4  Verification test of optimal formulation and grinding

process for OST-NSs. n=3,x x5

Batch No. Particle size/nm PDI Zeta potential/mV
1 347.8 +4.2 0.271 £0.01 -21.3 +0.553
2 332.3 +6.317 0.251 £0.022 -20.4 +0. 404
3 334.5 +1.637 0.205 £0.018 -21.8 +0. 839

2.2.10 FasEtE%Ee HBL OST-NS 43 5E T 4 °C .
FERAN40 CF, FhkE s 1.2.7.14 .21 30 d Bk,
FRHR®2.2. 17 TR J7 ¥5 W 7€ k42 A1 PDI, DLE] 7,
OST-NSs 7E 0 d B [pRiA2F1 PDI 435147 418. 1 nm
0.273, % 30 d J5,7E 4 CF, KA1 PDI 43 Jjl 3
JnE) 418. 1 nm A1 0.330; 7E = 4 T, Kif2 1 PDI 43
R ) 468.7 nm 1 0.372; 7E 40 C T, K12
PDI 43 B34 %] 935.9 nm 1 0. 643, 3 B OST-NSs
T R T ORAR T PDI Fa e MR 2%

[[] 4 "C-Particle size ~08
71 Room temperature-Particle size ’
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—=— 4 C-PDI = 7
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—=— 40 C-PDI
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g B
£ —
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| :E
2 e - ]
=) i =1 =
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7 W F R E AT OST-NSs 27 PDI T M H 9. n=
3,x%s
Fig.7 Effect of storage temperature on the stability of OST-NSs

particle size and PDI. n =3 x +s

2.3 OST-NSs H 1t

T G NSs B4 BIES E P, R R T HRIE
W HE ., 1 e IR 2. 2. 97 iR Jy 4l 45 OST-
NSs, 5 42 Ml PDL, 88 )5 R Uk & 37500 A 2]
OST-NSs 1, fif U5 -+ 08 37 570 % i Je, 8 il &
£ =80 C R HlA, LA VR THRAL A T 48 he

T E 2GR 2R 2024 4 11 H 55 59 55 22 )

I3 ILAZM U 53 P L OST-NSs VR T4 52 5 J5 kL
RN PDL P b , i e v T ORAP RIS (22 2800
VRN H ) TR M (30,60 .90 mg - mL™')
OST-NCs 7421 PDI 25 5 LI 8.

500 - I Particle size ~0.4
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Fig.8 Effect of lyophilized protective agents type and ratio on

OST-NSs particle size and PDI. n=3,x =5

PRI BE R SF RN IR T ORI 9], R T )R 7
A INLEERE , ELAT 8T AR T ORAT s R R 1
R IR A B S B, SR Jn Tk B — R
AR, H BRI ML AR, ELJCE 85, ik
PEALHF, JUHR 90 mg - mL ™ H FEREA VR T ORAP 1)
OST-NCs &5 HRi# A PDL ¥4/, R, 14
TSR T R 450, J5 A 3 B 290 mg - mL !
£ OST-NSs % T4 (OST-NCs) , WLIK 9.,

A - HERE; B - WGHE; C - 2.

A — mannitol; B — trehalose; C — maltose.
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Fig.9 Appearance of OST-NCs using different lyophilized pro-
tective agents
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2.4 OST-NCs By % 1E

2.4.1 FHEH B (SEM) B OST-NCs i& &, Jin 2=
B OKHRRE T A AR BT, SR AT LS 4 Ak
P, SR AT SEM OULEEAE it SR EE A, 45 1 WLl 10,
FH &1 10 AT, OST 5k 24 S AR T 28 AN HL , HORL B2
I3 A B HE 3 OST-NCs Hr ) OST HeA 2 FRAR B IR,
PR B /NT OB, BN —

10 OST(A)#Fn OST-NSs(B) 43 4% w2 45 H
Fig. 10 SEM photograph of OST(A) and OST-NSs(B)

2.4.2 XGRS (XRD) - 23 5 BGE £ OST Jit
HL24 [ OST-NCs W BIE &4 (OST 5 4bJ7 = B9 FR E
FIFA TR F TR &) . PVP-VA64 | Il AU IR iR
B H ER BT XRD, I S50 o - Cu $E,20
FHTLRE 5° ~45°  FHHEE N 50« min ™', 45 5 0L A
11, R FZ A 9.19°, 12.47° . 19.25°,20.98°
21.37° 26. 02°47 B3 AT e , 3R OST Jkk 2450
AR SR . T R I AT S R AR 8 43 ) A 13,639
14.60° . 17.25° . 18.72° . 19. 82° . 20. 40° ,23. 34° | |fij
PVP-VA64 FIi %0 IH R 44 11 3% TG BH S 19 17 S e AiE
W, TEYIFIR A WA OST-NCs 17 5 Bl , e WL
ZEE| OST FIH #8 BEA RRAEATT S0 , F2 B OST {54+
mniARSE R (H R S YR A Y AH L, OST-NCs A4 5t
W iR FE R AR, N Origin2023 {4, i 41 &5 i
BE = g5 BV SR, TSR S A . A5 R
OST ., ¥y FH IR 4 W 1 OST-NCs 119 45 & B 4 31 Ny
73.7% 66.97% 6. 7% , 5177 4 Bl i 45 % — 2.
D H AT RE S OST-NCs Rif2k/NE ¢, th T fE e
TEWFEE R v, 3843 OST SiREE A8 e I .
2.4.3  ZRHEEERE(DSC) St B OST Uk
25 VHERBE WAEH IR B PVP-VAG4 1) FRIR & ) Fl
OST-NCs ifi i, i 17 DSC 2. E S8 E N
AAM T, FHEHEE R 10 C - min™' FHEFEE A
40 ~200 °C,E LB S, 45 R ULIE 12, OST J5ik}
Z57E 84 CAAAEM FRIA R , T ER BEAE 167 “CAbA R
Pp F 0G| 1o AT ER 40 R PVP-VAG4 18]35 TS B 8
B 05 @, 7E OST-NCs 14 ¥R & W 11
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T
S 10 15 20 25 30 35 40
20/°

A - OST J5URI 2 ;B - H #2155 C - BLAEIER#4; D - PVP — VA4 E - Y HR &
#);F — OST-NCs,,

A - OST; B - mannitol; C - sodium deoxycholate; D — PVP-VA64; E — physical
mixture; F — OST-NCs.

B 11 B & X A& AT AT (XRD) H 3%
Fig. 11 XRD spectrograms of samples

Pl PIRE LSS5I OST il H- 5 W ) I Bk i e
# W] OST f OST-NCs H{RFF i IRZEH, 5 XRD 45
R—%, {HJE,0ST-NCs H OST F 1 Ak i e 1 B
TE 117 ELARBE AR GE , Whe 1r BL R AT, A ] B OST-
NCs fRLARE/N

— :

Endothermic

Y
4 60 $0 100 120 140 160 180 200
T/C

A~ OST JFURF2Y ;B — H#E 5 C - JBL4UIHAR§H; D - PVP-VA64; E - W IR &
], F - OST-NCs,
A = OST; B - mannitol; C - sodium deoxycholate; D — PVP-VA64; E — physical
mixture; F — OST - NCs.
B12 H&WETAHER(DSC) B
Fig. 12 DSC spectrograms of samples

2.4.4  [HHEMARLISEIEE (FTIR) - 43506
OST Ji K} 24, OST-NCs ¥k T #y A ¥ IR & 9.
PVPVAG4 F i S IH IR 84 . H 85 I 5 KBr 182 )5 /&
F, GG 4 000 ~500 ecm ™', Hy & 13 #4010, OST
TE 1714 F11 121 em ™" SOAELE C =0 F1 C — O Byfdh4s
PRahe, HERIEAE 3 277 em ™ b4 3L (— OH) [
445, OST-NCs 7£ 1 720 F1 1 123 em ™' ZbFETE

ThE 2GR 2R 2024 4 11 H 55 59 55 22 )




A OST JFURI 255 fE 0, 7 3 186 om ™' AbA77E H #5 1
(R UG , R WIFE ] £ OST-NCs i e, OST Lk
FHZ R TCAR AR

T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumer/cm

A - OST JFoRI 2y ;B — [ #285; C - B AUIHER ;D - PVP-VA64; E - LR &
#);F - OST-NCs,,

A - OST; B - nannitol; C - sodium deoxycholate; D — PVP-VA64; E — physical
mixture; F - OST-NCs.

B 13 B & et R e 2 Aot (FTIR) B3
Fig. 13 FTIR spectrograms of samples

2.4.5  JkFEMbf K OST J5URFZ5  OST-NCs 4 3f
RAWFE 1. 6 kPa JEJJ N KR, ] Theta Lite £Zfil £
AL 2 B 7K A IEEAY , 2R FH BT 1 X A o ) e 1
PEAT AT, AT E 3 IR MRS 4 pl LB+
K255 OST JFUk 25 W FEIR A A OST — NCs fy7K
Tl 4 3R (68.03 £0.49)°, (33,17 +0.42)° il
(21.82 £0.93)°, 5 OST AL, W FEIR A W1 OST-
NCs 7K £ falt f 24 AIG, 1 H OST-NCs iy fe/bhe 3%
] OST-NCs Fy iR fc s o

2.5 HPLC 44 7

2.5.1  EWAHE RSV S R AR
AE OST X it £ 10. 00 mg, & T 10 mL &, fin
AVRFRITEL 75 % W B R P55 e I A2 45, A9 o o
el H 130. 6 pg - mL~" OST X} B8 S A 450K o

HE 3 o 7 WM A RS % PR 2 OST-NCs
10. 00 mg, & F 25 mL &), AR5 50 75%
H Bl P Vi A ), 2, B .

IF I 5 V0 1) i) % - ¢ B OST-NCs 4b Ty L], K
WK PVP-VAG4 | Jif 4 IH R 4 A H &% e, & F
25 mLEHT, INAARTR 05 75% Wt A i S
FELS AR B FI T
2.5.2 @igEEM  @i%AE Thermo C (4.6 mm x
250 mm,5 pm) ; 3 S AH AR A S8 0. 1% H R K -H
WE(25:75) s Kl K 322 nm i3 1 mL - min ™' 5 B
30 C ;R 10 L,

2.5.3 L@k B OST XA SR .25 VA H 9]
TP 2575 2024 47 11 45 59 45 22 1)

PRV B AT, 2 0. 45 wm LIRS B RS
HREEIEW , $ IR 2. 5. 27 T N (a3l 4508 pEREDN &2
SRV 14, 28 (I RS B3RS F OST-NGs
o OST AN o4k i i R Bk R AT .

I A B
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
1/ min / min
1 D
(¢!
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
t/ min t/ min

A =PI B - 25 AP C - S EARE D - i s 1 - R T K

A - reference substance; B —blank solvent; C —blank excipient; D — test sample;

1 — osthole
B 14 # &% EMEAZ HPLC 25 E
Fig. 14 HPLC chromatograms of samples for specificity

2.5.4  prdEdhZRddl g KSR R OST X B il 4
W, 3 s A gr o iR R R P R a ok R
(0.653,1.306,2.612,6.53,13.06,26.12,65.3,
130. 6 pg « mL™") AV, SRR GE o DA ki
(p) MR ARAR , WETIER (A ) AR HR , 2 Tl b v T 2K
137 A =39.202p — 1. 664 9(r* =0.999 9) ,
FEH] OST 7£ 0. 653 ~130. 6 pg - mL ™' NLIEEZR R
2.5.5 K BURREKE N 65.3 pg - mL™
XF BRI, TE R — R N H BR“2. 5. 27 T i 4%
1 ESEHEREIE 6 WK, 10 ST AR, A AR X bR o
2= (RSD) o 4525R H WKE % B RSD 435124 0. 05%
WA B B R 4F

2.5.6 TEEM 2.5 17 UF Ak, AR
AR 6 10, IC SRR T AR, AMPR— s, T
FE e OST Jig 2 ¥k B2, 95 RSD, 45 RSD f
0.86% , R HEMERLF,

2.5.7  MEERE UL A TR, INAGE £ OST,
P25 17 350 R J5 1 i) o ot VR, P AT 1l 4 6
03 2. 5. 27 WUR A3 A I e , A iR, 4551
OST 34 [z 43 3]k 95. 31% ,RSD H70.35%
2.5.8 FASETE HRERC2.5.17 IRy e, At
A, 3 TR AR B S 0.2.4 .8 12 h, #7 if
“2.5. 27 UR B SR A RERE 2B, 0 SR TR, S
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F— f 0 52 B i OST 4 o B9k %, 1144 RSD,
455 RSD 4 0. 09% , & WA it VA W A 2 85 T ik
B 12 h R,
2.5.9  SEE B3 it OST-NCs i &
(FH4F OST10. 00 mg) , # T 25 mL i, A
G3ELT5% WSS R i, IR R IRGER . &
0.45 pm fYALUEREYE T, ICEL B , #& IE2. 5. 27
T E R OST (MR A H A & it 45
P8R 22.59% ,RSD H7 0. 86%
2.6 THEME

5 OST ,OST-NCs F14) FEE & W 78 2l 7K i
SEH R, LA OST 76 & AR e 58 1L A4 g 80

RS B5CTEAHGEFRANRFYWEME, n=3,x+s

TR B A A B . BGE 1 1 OST Jikt 245 4
PR S OST-NCs 45 3 3, in A 4fizK v, [ i
Wit SR OST JFURLZ5 4% 3 i A 215 A 1l BL g
80 7K I W H, B A ot I A TEL IR R U A b A
25 °C,150 r » min ' 5AFF L, PR 48 h e, BO B
T B LI TR QMRS , 1 0.45 pum fif
FLUB BT, I g, $ie B2, 5. 27 T T Jy vk o
FESh T OST Rk B, 45 5 3¢ 5, OST-NCs 1 OST
)Y V5 A B e T SR 2 A B G ), R IR
F AN VR AR YA A T4 R OST s Pk, i HL
FILIZLNG 80 Xf T+ OST HA B 4F ny 81, 7T
TARSM s a5, i 2 A 251

Tab.5 The solubility of the samplies in different medium in 25 °C. n=3,x £

p(Solubility) /pg » mL~!

Medium
Physical mixture OST-NCs

Pure water 5.98 £3.54 10. 54 +3.55 13.86 £0.92
Aqueous solution containing 0.2 mg + mL ~! tween-80 11.95 £3.23 - -
Aqueous solution containing 0. 5 mg + mL ~! tween-80 25.64 +1.36 - -
Aqueous solution containing 1 mg - mL ~! tween-80 37.27 +0.67 - -
Aqueous solution containing 2 mg + mL ~! tween-80 74.44 +4.81 - -
Aqueous solution containing 5 mg + mL ~! tween-80 170. 55 +8.30 - -
R L
Note: — —data was not measured.

2.7 RANEHERE
2.7.1 YIRS YIEE WAL RS FR
1 OST, IR & 4), ES W HR A4 . K% R 2
T OST10. 00 mg [P LR & 138 &, #e i “2.5. 17
TR 75 2l 2 R VAT, 462 0. 45 pum T fL g I8
b B e, He R <2, 5. 27 TR 5 vk 0 B R
OST Wk B, I A 40 & ik 45 22. 58%
2.7.2 FHERE SO E ) 2020 4 RR
N E =Y AR T 3 P IR R .
K 3R 52 AH 24 F 10. 00 mg OST () OST-NCs , 4 Pl
TRAY S OST JFURHZ5 8 K, 2 A O#IRZESE , SR 5 T
BB G b, JEAT U RN . U Y T A
B kel 0.1 mol - L™ EhFRVE Y AN pH 6. 8 [
FRER B PR LA X A 1 mg - mL™" R LAY 80 [
2li7K 0. 1 mol « L™" AR K IAERA pH 6. 8 Wik th 4%
PP (900 mL) , #5# Ky 75 v - min ', iR BN
(37£0.5) C. 433 F 5.10.20,30 .45 .60 .90,
120 min JUKE 5 mL ( [R] B %h 78 45 30 55 & 19 7% A
Jii) , 4 0.45 pm Gl FL U8 B8 2, BUSE I8, i IR
“2.5. 27T kA AR OST ik B, A
A AT 3 UOFATIASE , 1A BRUA B, s
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Mk, WK 15,

VA O 4K (0.1 mol + L1 ER R /K 7 I A
pH 6. 8 WlREh 22 vh it W it , y AE Il 25 75 OST 7E
A 1 mg - mL™ R INALER 80 AY/KIA R H ik 5 T i
WeRE , MIRAE AR, trE 25 R nT o0, FE A A 45 1k
B, 5 525 A0 B, OST-NCs Hr OST [ 375 H) 38 5 Al
SRR R B T A B A S R
AR — 3 I OST-NCs 4855 OST fy s th B2 1) 3=
B R R0 , AR E R AT R E AT
4, OST-NCs £E4li7K 0. 1 mol + L™" Eh iR /K 7% 1 F
pH 6. 8BEFRERZZ v, 5 min [y R B 43 1)
1 68.30% .0.67% .50.40% ,120 min 27 H
435k 76.26% 58. T1% [ 78.91% , i I L J5 A J&
OST-NCs 7£ 0. 1 mol - L™ Eh /K iAW, B4 5 ™
A AL [ OST 7E 0.1 mol - L™ R AN 525,
Gy R, TETRRE AT, OST-NCs [ 3 %
R BT OST JFUR 25 FI BR &9 , 3¢
W VR AR RE e P =y OST By /K1, SR Tl 251
P IR IR 45 R — 3 AN, EES A 0. 1% R A
fik 80 [ 4tizk 0. 1 mol - L~" bR /K% ¥ Fl pH6. 8
IR AR 22 vl i, OST-NCs 7E 120 min B (1) R R

rh R 22 4 2024 4F 11 55 59 555 22




1007 A = PM 100 B 1004 C = PM
X - X X -
T 804 T 801 3 o o 801 _ T % -
§ 70 E 704 ¢ E 704 &
3 3 2
g o0 g 60 T g 60
T 504 S 504 « OST-NCs 2 504
2 40 2 404 4 OST £ 40
< 304 = 301 < 304
g g =
£ 201 £ 20 — & £ 204
3 b 3 y 3 3 - i
3 109 ¢ - ¥ R 3 10 et 3 10 =
(RS == = * 04t * 04t il 4 a & *
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
1/ min 1/ min 1/ min
100, D 1004 E 100 F
90 90 & ol » " : ‘
] e - . |
2 m o . R ol i = PM 2 golf = PM
2 Rirsaaran + OST-NCs 2 « OST-NCs
2701 L OST S 704 4 OST Y 4 OST
g 60{ . £ 60 A g 60 .
® 50 - : 2 sof’ 3 T 50 i i
2 401 — ' 2 401 i 2 40 :
¥
S 304 o 3 304 ok 3 30 —
) £ g
£ o20{ E 20 & E 2 v
=3 = A =3 s
3 10] |« S 104 3 10{ =
o X .
0 ; ; ; - : : 0 . . ; : : : 0 : ‘ : : : ]
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
t/ min t/ min 1/ min

A=0.1 mol - L~1#:#% ;B — pH 6. 8 BEFRERZE WA ;C - 4li7K ;D —0. 1 mol L~ 455-0. 19% 1115415 80; E - pH 6. 8 BFAEh 2% w0 1% F 1L AL 80 F — 4fi

7K-0. 1% FE 111547 80,

A -0.1 mol - L='HCl; B - pH 6.8 PBS; C - pure water; D —=0. 1 mol + L. =! HCI-0. 1% Tween 80; E — pH 6. 8-0. 1% Tween 80; F — pure water-0. 1% Tween 80.
B 15 OST,OST-NCs fn4y R4 HEFRBFE R MR T WA &, n=3,xxs
Fig. 15 Dissolution profiles of OST, OST-NCs and PM in different media. n =3 ,x =

Ve B R 90% , A FE 0.1 mol - L™ R/ %
Y LS R N o

2.7.3  HHEAETE SR AR T
B¢ OST ik 2y 5 W) #E & ) il OST-NCs 7E 6 iy
A BT I AR UPE (A D) Y LEAT
0 ~50Z [E], BRI DA Ry i Sk i 4 A s k22 s - F
50 ~ 100 Z[ajAsF, B a R 9 4% i 28 0 0 i B P22 55 1,
BRI 100, AH VR FE o st i sy, 45 21 I3k 6,

£ =5010g{[ (1 +%§,1(R,—T,)2]]7 xlOO}

2 (1)

WL LR IS AR o B ZI ) BRI

TR REIAE i ¢ i) 20 A SRARES 0 238 n Shy BURE B[] 51
M8

F 6 OST-NCs 438 38 &4 A0 3t T A 25 A5 ey A8 0L B F

Tab.6 The f, of dissolution in vitro for OST-NCs and Physical

mixtures compared with crude material

Dissolution /2
medium OST-NCs Physical mixtures

Pure water 7.1 51.11
Aqueous solution containing 1 mg + mL ! 7.32 64.49

tween-80
0.1 mol + L.=1 HCI aqueous solution 21.05 70.33
0.1 mol - L. =" HCI aqueous solution 15. 89 63.27

containing 1 mg - mL ~! tween-80
pH 6. 8 phosphate buffer solution 9.63 71.11
pH 6. 8 phosphate buffer solution 10. 647 73.92

containing 1 mg + mL ~! tween-80

T E 2GR 2R 2024 4 11 H 55 59 55 22 )

R ZE A T, 7 6 R A B, S50k 2y
7 A LG, P B 3 W0 10 (E R T 50, T
OST-NCs 1 fo 33/ F 50, LAY HR & 9 OST
7 AT R 5 OB 25 A {B), T OST-NCs H OST A3
AT S IEUR 2G4 I35 22 5, 3R IR JE 77 R AR
AfRAE i OST ARt , (HR XS 7 5 iy el st A
P, I/ VRiAS AT RE 2 OST i H R 18 g 9 22

34

SR A SIS 12 i A A/ LR B Wy AR
TEPERIAORTREW, 2 BN Z DR . AT
RERE TP S I 2 W S5, B JE T 138 AF S I ]
LR A oA P AT 0 106 , B A A AR T, foe )
77 OST-NSs, oo A 511 i & 1 i 6 2t - 70 8 22
(8 —T0 g B LA ] o R TR BB A v ol TR
F I RESS LT SR 4R sl R AR N, 6 ) o i e
R ROIARRRE ), AEEATE R A, 2 TE G R %)
T RE HAT — E B U, B T RS E R &2 AR & pH
(ELARIRZ MRV, B {6t ] — o A R 79 I ] B IG5 2K
TR I AR B I0R o P 8 3o 23 1) 437 L
FIHLAT AR R PEARBILA, TR AR AR B /N, SRR E 1Y
OST-NSs , ABIF 5 e & 345 PVP-VA64 (7[RI Rz 2 7))
R AR FL PR B (8 1 B AR 5 ) K5 o P o AR R
OSSR =P Rdi Ny il b AR e SR N (B IS UPNE
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SR IO R A R S R AR
e S A R, R R AR Y PVP-
VAG4 IS IH R BN LB 50 1 B, 3R A5 1Y OST-
NSs [Rif2F1 PDI $801, BLAh, 24 ik 3 o ) 52 i)
WS 25 RO R 2 — , 2R D2 AR R TE 2
R Bl 2590 Tk BE B3, RT3 R B &
HAPE {1 2454 5 s 2k 22 ) AT LAAS 3] 58 40 42 ik, 977 1
YUOKTE R A TR s (H 25 v B ik K, S5 BEs 2k ) )
iSRS U i WS - A AL /b A ol L N WSS R 13 B
TR FETT S MR A PDI ™) AT B A
OST ()5t ¥ i 4 30 mg - mL™"

ZIAE YR KR 8 TR S VR AR AL T R o e DR ¢
1o, IR A 1 1 i o A 231G I R B A
PR DR LIRS A R A P el o ) A 2o
rhRREE A — R ARSI AL T A R
il A PR TR AR 52 W), 38 3 R0 42 A PDIT AR Sy PEAR
Fabm , A I LI A ot i R 2 Y Ry 20 1 B AR Y
YK TR B W R 42 Sk 334.1 nm, PDI 3 0.211, H
OST-NCs 1 OST {45 22.59% (55 B 1
95.8% ), TEREA-WHES L, I iR it 245 9 5 wf I
TR R P RE R, A% Bt HsF [ B4 JE 4 T s )
il 2 Fsf ] 4 252388 o, /0 1) Al AR 2 B R R AT A R
77, BB R R et 25 7 B Al A AR SR AR A — i, T
SRR K, B A/ N, BT U] )RR AT 3N
WORARTSRE R /D, AR T B, S BRI S RCRIG, &
SRR P M AR R AR B/ H3Y—F2E I AKTR
TR DR I AR AT 5 5 20 6 426 140 O ik 1)
70 min , fiff 5 Ry 450 1 - min "', AN, AR
PRI 45 5L AT %0 OST-NSs 7E 40 °C R, ki F1 PDI
KRB, S /R TE il 4 OST-NSs i, i [ I iF I
TELEE Yl /B ]

HABIEFEAE J ] F, SR A BB J7 v B OST
JERE2A BRI/ N 2 40 K 2, AN RE A% 38 fin HL 3R 1w
TR, 0 R 0 P A T T EL BB 6% ] R AR
OST 7E 6 Figs Hi /i 5T o 3 ) R A R AR 0 T
T L AR DYl R A D R A e
OST 7KiEMEs 3 1 2R A . R, AW 5T AR 1%
E—25 1) OST YKL, S I A AR ALK .

REFERENCES

[ 1] Ch.P(2020) Vol I (v [E2Zy4L2020 4. —#B) [S]. 2020:
328-329.

[2] WELJJ, HEW F, GAO Y H, et al. Effect of osthole on AKT/
eNOS/sGC/PKG signaling path way and osteoblast diffeentiation
and maturation of rat [ J]. Chin J Osteopor Bone Mineral Res( ¥
A BURAA I 3R B 228 ) L 2023,16(3) : 266-274.

+ 2178 -

Chin Pharm J, 2024 November, Vol. 59 No.?22

[4]

[5]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

WANG Z F, ZHANG Z Q, GE Z H. TCM cognition and prophy-
laxis and treatment of osteoporosis [ J]. Chin J Osteopor( /1 [EH
JREAAZRAR) , 2022,28(2) :296-299.
CHEN H H. The study on the effect of the osthole extracts micro-
capsules agsinst the trichomonas gallinaes[ D]. Nanjing; Nanjing
Agricultural University, 2017.
WANG Z F, ZHANG Z Q, GE Z H. Comparative study of prepa-
ration, characterization and pharmacokinetics of three prepara-
tions of osthole [ J]. Chin Tradit Herb Drugs( P& 2y) , 2019,
50(15) : 3615-3621.
XIN J, YI H, LI M, et al. Preparation and in vivo pharmacoki-
netics of osthole albumin nanoparticles [ J]. Chin Tradit Pat Med
("hRZY), 2022,44(10) : 3104-3110.
CHEN Y X, YUAN J L. Optimization of the formulation of the
preparation process of osthole microspheres [ J]. Ind Sci Trib,
2019, 18(22): 72-74.
GAO X C, TONG Y. Effect of wintergreen oil on in vitro trans-
dermal permeation of osthole and geniposide [J]. China J Chin
Mater Med( W [E W2 4=5) , 2017 ,42(7) : 1338-1343.
BIJ W, LIU J X, ZHAO Y M, et al. Preparation and quality e-
valuation of meloxicam nanosuspension [ J]. Chin J Pharm (¥
EEZ TAkZeE) , 2023, 54(4) ; 569-576.
GE F C, LUO D D, ZHANG X B, et al. Preparation of tadalafil
nanosuspension by wet media milling [ J]. Chin J Hosp Pharm
(PEBERE 222 , 2022, 42(11) ;. 1121-1125,1137.
WANG Y Q, HAO G Z, LI Q, et al. Preparation of phillygenin
nanosuspension and optimization of solidifying technology for pel-
lets [J]. Chin J Pharm(PEEEZS TALAGK) , 2022, 53(4)
522-529.
WANG L L, LVYN, LIZ]J, et al. Effects of different prepara-
tion methods on properties of meloxicam nanosuspension [ J]. J
Yantai Univ Nat Sci Eng Ed( fil G K¥F2R B RFE5 TR
fR) ,2023,36(3) :354-358.
KAKRAN M, SHEGOKAR R, SAHOO N G, et al. Long-term
stability of quercetin nanocrystals prepared by different methods
[J]. J Pharm Pharmacol, 2012, 64 1394402.
ZHOU Y, FANG Q, NIU B, et al. Comparative studies on am-
photericin B nanosuspensions prepared by a high pressure homog-
enization method and an antisolvent precipitation method [ J].
Coll Surfaces B Biointerfaces, 2018, 172 372-379.
LIU X X, GONG J B, WEI Z P. Advances in nanocrystal tech-
nology and its application to improve the pharmacological efficacy
for poorly-water soluble drugs [ J]. Acta Pharm Sin ( 2§ 2% 2
), 2021, 56(12) : 3431-3440.
ZENG S M, CAI W J, ZENG S Q, et al. Research progress on
preparation and evaluation of injectable nanosuspensions by wet
media milling technology [ J]. Chin J Pharm( 7 [E B 2§ Tl 7%
), 2022, 53(9) . 1251-1261.
Ch. P(2020) Vol IV (A7 [E 2581 2020 4E 7. PUFE) [S]. 2020
132-137.
YAGMUR P T, BURCU M, SEVGI G, et al. Systematic screen-
ing study for the selection of proper stabilizers to produce physi-
cally stable canagliflozin nanosuspension by wet milling method
[J]. Bioengineering, 2023, 10(8) : 927.
ZHAO P F, LI H X, GAN D, et al. Preparation and pharmaceutical
properties of hydroxycamptothecin nanocrystals [ J]. Chin J Hosp
Pharm( PEERiZj2#24) , 2021,41(23) ; 2401-2405, 2446.
LUO K P, YAN CM, YANG L, et al. Preparation and in vitro e-
valuation of curcumin and silibinin co-loaded nanosuspension with
Chin Tradit Herb Drugs( H1 5
(i B 191:2024-02-06)

glyeyrrhizic acid as stabilizer [ J].
2y), 2023, 54(15) . 4823-4831.

ThE 2GR 2R 2024 4 11 H 55 59 55 22 )



