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Abstract

subsequent homogenization. The effects of the solvent to antisolvent volume ratio, drug concentration, stirring

Dronedarone hydrochloride nanocrystals were prepared by antisolvent recrystallization combined with

speed, recrystalization temperature, homogenization condition ( pressure, circle numbers) , type of surfactants and
drying method on particle morphology and particle size were investigated. After single factor screening, the opti-
mum conditions were obtained by orthogonal design with 3 factors and 3 levels according to the antisolvent volume
ratio, drug concentration and stirring speed. The results indicated that nanocrystals with average 580 nm particle
diameter were obtained from the slurry when the ratio of methanol to the hydrochloric acid was 1 : 15, drug con-
centration 100 mg/mlL, stirring speed over 1 200 r/min, recrystalization temperature at 4-8 °C, homogenisation
10 cycles at 1.2 x 10° Pa with 1 mg/mL F127. The products were characterized by differential scanning calorime-
ter ( DSC) , powder X-ray diffraction( XRD) and scanning electron microscope( SEM). The solubility and dissolu-
tion rates of the nanocomposite particles and crude drug were also determined. The results indicate that all the
nanocrystals have the same chemical structure and crystal form as the crystallline dronedarone, and have a signifi-

cantly enhanced solubility and dissolution rate.
Key words dronedarone hydrochloride; antisolvent recrystallization; homogenization; nanocrystals; preparation;

quality evaluation
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HEMER t 22 22 7] (Elan Drug Delivery ) SR HI 44 K
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(Merck ) fiff & b7 174 ] S Wbk $H 0 38 541] , 55 ] B] A7 it
(e 7/ VNGIE Y AASE S LR SI73 =31 K S R )
6 T2 A A i Tl
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Figure 1 Chemical structure of dronedarone

1 & #

7

L1 A3

1200 24 = 0B (5L (2 Agilent 24 F]) 5
JN-3000PLUS R FEBIEHL() MR BEA P RHE A
R H]) 5190 HYIE 55 44 (Hi -+ Buchi A H]) ;
LEICA DMLP f > it S5 ( 5 € W [ B B 4 A PR
A ) ; Zetasizer 3000HSA JORE B2 73 B A (35 [
Malvern 23 7]) ; DSC 204 2275 454 #4430 A (1 =]

L

Netzch A7) ) 5 X b AR AT Y (78 [ Karlsruhe
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KPR ICER R T AR IR 2 g, WA R T P I
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BLES T 10 AMEIR (FMER VKK 3 CHEIR) 8%
TR ENAG ER R TR % TR RE A K A
2.2 RFIT LWL
2.2.1 #REEFR LORARITEM SR T4 T
TR . R B U 0 20 Mg O &1 1t
AP pRAE, BVER 0 A (0> 200) R A2 1Y
YME, Fr & F 4 Tmage-Pro Plus 5. 0 ( Z£ [ Media
Cybernetics 23] ) o 5 HE34 5 A0 K TR B BCR A
WOGRLEE 73 B A3 & HORLAZ
2.2 1.1 EHBIERA BRI A EH
S5 T RO A e T R A SR A s — R XTI T
fif 22 s IR SENRES BV . SRRRULAS IRREAEK
W, 7E 0.1 mol/L £h 2 V5 VR M, 7E PBS
(pH 7.0) Ff s fige BEARAIR , SCIX 3 s 55 rp st 1
LR W5 LB, 7E 0. 1 mol/L RV K h
FIT AR R LS S P IR B B A, A EIR T e K
thIGIE T 4G d s 7E PBS(pH 7.0) 2 iR Bk
WL, AR TG, ShER e 25 iR i 2
Pt Y5 — 0 RV A B2, v o T e v R o 1 i
H 25 55 TS 20 i A i B ) — | s
FH SR 75,0, 1 mol/ L FR VS 1A S s 741
3R T - R ARy 125,11 10,
1:15,1:20,1: 30 4K Hl 153 1R 2R RLAE 20 51 0
(17.5+0.8),(7.6 £0.5), (4.4 +0.3),(3.5
0.3),(2.320.4)pm (n=3), MEMLL I 1:5
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A1 3 A - ERRR TR AR IR AN OK S A I il B S A 51

B, AR RARES , )5 TR A SRR ST, HASURL A/
AN RAREE R s AR R L i 1010 A8 %8 1:20 B, TR
TR RN W RIS, HL 25 AR TR A5 W A L R A
FEREAR, ARG, e 2 F BUBURRLAR H 3N
YRSEAR F B 2 1 30, PR A2 T IR R 25 )k
VAN (AT L NS ST 7 Y S
A, HLBURL KNI 5] R B A A A58 . 5 1R 3]
TRV I AWE 55 T AR, AR S0 R 7 -
REFMAEFREE R 1215,

2.2.1.2 @B kT UAY RN 30,
50,100,150,200 mg/mL I, v 518 8 8 0B kL A5
AR (5.2 £0.3), (4.6 £0.2), (4.8 £0.2),
(7.8+0.5),(7.5+0.4) pm(n =3), A H, FE4
1R LA R B S5 R R, B o 6 KT b A A R
AR TF/INBORLITE 1. AH Bl 25 25 P09 B 1R AN
W3 A, TR A5 A R v G S A R R 1 2 ) TR
25 RO B 2 R T, DT 5| R R 3% | 1A
R HERCR AR AR K. B, 7 ) R 2R
R D B RAR S B R A . A I, AR SR TR
BREGE B2 e 2 100 mg/mL,

2.2. 1.3 #HFHREHow  HHHEEE Y 400,
800,1 200,1 600 /min i, T f91R B W Bk R A2 23
Wk (7.5+0.8),(5.6+0.4),(1.8 £0.3),(1.5 +
0.2)pum(n =3), AJ UL, Bifi 5 5 Pl B B35 %, 7=
RAETBBI N , I HRLBE 43 A BB 2 R FE T 5]
PP KT 1 000 o/min 5, F8E & 1P
BRI . PRI BERE Uy 1 200 +/min,
2.2.1.4 ELBRBEGHm RESE IR E XS
il AR R ZE R 1, MR T 4 CH, 25
An AR, 7 A A S RIS . A iR
FERE] 16 °C LA _EIE, SRR AR AR A, 72 A P HR AT DL
HZRY) , — Bei) [E] 5 UOUE ™ 5 . WO TR 25 Y
EHIRE R4 ~8 C,

Table 1 Influence of recrystallization temperatures on drug particles
(x+s,n=13)
T/°C Particle diameter/ pm Appearance
0 3.8+0.3 Compact
4 2.7+0.2 Compact
8 2.5+0.3 Compact
16 4.2+£0.3 Loose
30 7.3+0.5 Loose

2.2.1.5 FBEANFEBASHEE FEEF L
FR M0 B 1E ORE ) BT, TSE B P e $E PVP,

F127 HPMC 1 Tween 80 Sk 71 , K Ho 537l v ik
TFREF P IEHCNR 3.0 mg/mL BIEW, & 2515 W
ISR G #E 2 h, R PVP 25 1)iR 8 R TR
JHEE  HPMC i C AT thT3E , F127 5 Tween 80 (1)
W AN, AR B e BOIR S, Ok R F127 5
Tween 80 HFAER] . 1 x10° Pa J£J3 F 35 10 Ik
Jei s AN [RVEEE 79 B HEA [ 9 O i) A K TR A AR s
11 e 22 53 HAE B ( poly-dispersity index, PT) il % 45
RN 2,

Table 2  Effect of stabilizer types and concentrations on particle diame-
ter and poly-dispersity index (PI) of drug nanosuspentions(x +s,n =

3)

Stabilizer  ¢/(mg/mL)  Particle diameter /nm PI
F127 0.5 510 £18 0.132 +£0.010
1.0 423 +12 0.099 +£0. 004
3.0 449 + 16 0. 18 +0. 009
Tween 80 0.5 / /
1.0 / /
3.0 457 +18 0. 13 £0. 005

P ¢ 2 0T D0, 2 T 3 P 79 Ao I R o e B %o L
17 R 4y eAs RO B8R, ROEFI A 0.5,
1. 0 mg/mL Tween 80 I} H BLERE S, 1 LA 57
A% e AR R 118 20 T P 790 T BEL A B 4 A P R A
ERZEY 8L 2555 R, AFsE i F127 2k
FHF R BRI 23 35 40 S ) ) 45
2.2.1.6 HREABIEREIGH A IRERAE
0.6 x10° ~1.6 x 10° Pa J& J135 B N 10 K5
RARINE L AN 2 s, F R 2RI, Bl 34
HLUHE ST R38R, B b SR 52 20 T e/ 1) e e, B
HETF 1.2 x10° Pa J5 , RiAR I/ INAS I ., 2 18 3] ik
I ESIRE , 525 R 1.2 x 10° Pa (4R IE Sy .
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Figure 2  Effect of homogenization pressure on particle diameters (x +

s,n=3)
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Figure 3 Influence of cycle numbers on particle size (A) and PI (B)

of drug nanosuspentions at 1.2 x 10® Pa (x +s,n =3)
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A h T SO R R K A B L LG BIAR 35, T 2 1)
90 RS, B R RN A Bk, ELRIAR B K, 2R
2 ~10 pm, R RAIE S, W55 T o il &
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2,22 RHxIEEMA ERREHENIERE,
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3K Ly (3%) IEAS 5256, LIRiAR PR 845, 1Ak
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Figure 4 DSC thermograms of different drug-loaded system of droned-
arone hydrochloride

a:Raw materials;b:F127 ;¢ Nanocrystals
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Figure 5  X-ray spectra of dronedarone hydrochloride raw materials

(a) and its nanocrystals(b)

Figure 6
(A) and nanocrystals(B)

2.4.2 FowcBATR WERERTR S IR FRE A NoRy
10mg F 25mL 5, 0 0. 1mol/L XIS E &
N RS A . 3 W A B AR N
RAR AR, 730l PO KL E 23 B A0 7 I He A
FIARFN PLZE L 3,

Table 3

chloride nanocrystal(x +s,n=3)

SEM images of dronedarone hydrochloride raw materials

Particle size and PI of re-dispersion of dronedarone hydro-

Nanosuspension Particle diameter /nm PI
After homogenization 380 £ 10 0.10 £0. 02
Re-dispersion 402 =14 0.14 £0. 03

ORI AR WORLAR e 2 o B BOC B 2
S, KR A2 T A vt i PR B A 25
ZRKRL T2 AT, B 23 IR AT T LB OREAR 8D,
IR A AN KR B TP HUS AR TR &
WBORLAZ LA TR/ RTRESE PO TERIR A Ak

T B AR R T8 B — 2 B R 1 S BE , 35K T
RLARIAR . BT AeE R i iRl i 25 ke
TFRERCH K AR L TR

2.4.3 dapbkesm & SR E T S
IR YA IR JRURL 2 55 9 b ok AR L A, B 5RO
Wk — BN IRAIRIE A o /N T 40° B AT
JE TV AR P ER bR pe 2% ke JRURF 25 1K 11
FR(53.2 £1.2)° 4k 1k f ol (30.6 £1.1)°,
285 R0 T ) 25 B 8 o SOk B S st vk, (i
Tl A5 22 A A 7

2.4.4 H I

2.4.4.1 HPLC &#&4H WM HlE2% =2
2 (pH 3.0) (66:34) ; f4i%+}: : Diamonsil ODS C , {8,
TEAE (4.6 mm x 250 mm, 5 wm); A5 K
290 nm; A i 40 C; Y #: 1 mL/min; JF £ &
20 nL,

2.4.4.2 ARl METREGRRR A IKFEXT IR
di 10 mg, B 100 mL fEHfH, H R g T30 B 22 %)
JE W ) 85T R Dy 100. 0 pg/mL 1 i A W
3 AR e WU i, FH A 20 A A R 5 1 Uk B
8.0,16.0,32.0,48.0,64.0,80.0,100.0 pwg/mL [
FROWWRHETE W AE 2 20 L, v AR AH €5 3%
A, 30 SR TR, DA TRI R (A) X 25 B Wk B (¢ )
HATENE I H, 15 HARHERT 2 2 A = 14. T4¢ -
2.696,r =0.999 9, i BF R PR 7% 3 e I £ Wk 35 AE
8.0 ~100. 0 pg/mL 3 [ P 55 e i AR 42 R 47 e bk
2.4.4.3 HHBHFME FEEHRIELIRYL S KRN
LB 10.0 me, B 10 mL S, 007 S ADE &
PREEIF A 10 min, (I MBE R 2 55 6
AT 20 WL ARGEIEREI A | T S 0 TR, 45 0 T
FUR A bR ol 28 5 &, 1T 5 3025 & o (86.8 =
0.08)% (n=3),

2.4.5 EMBERARINEE E R
2451 AWML FEERIERIR LR X E

10 mg, & 100 mL FEIf A, s 2 A o8 4 9
JE Syl AGE & pH 1.0, pH 4.5, pH 6.8 )% uf
W AR K B =20 8, 48 21 5 o3 i AS o 2 UE
i, AR pH 22 ofr 80 B 0T e O 10..0,
15.0,20.0,25.0,30.0 pg/mL R % br UEE . T
290 nm 40 7 M AT BE , LA R TR 1R 2% 20k B 14 W S RE
(A) XFBTE R BE () BEFTERAPE A, A 2RV Ty 2«
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pH 1.0:4 =0.026 2¢ +0.027 2,r =0.999 5;pH 4.5
A=0.037 8¢ +0.024 4,r=0.999 7;pH 6.8 4 =
0.020 1c +0.031 6,r =0.999 7;7K :A =0. 033 4c —
0.0327,r =0.999 9, i3 B £h ik P 25 ik B 76 pH
1.0,pH 4.5 ,pH 6. 8 [ 52 nfily S Z&IB /K, T vk
JETE 10.0 ~30. 0 pg/mL 35 [ 4 5 WO 5 B 4
2.4.5.2 EMEEE CRHBMR-ZMHOE0E
VTN S SR R TR 2 ik I JEURE B 4 7E AN ) pHL 4%
PE N R PR I R o o0 A o o 1) AR R e 4%k
JEURHZG AN SRS B 25 mL HLIE = MBI, A
WY pH 1.0, pH 4.5, pH 6.8 By Z2 il b 7518
K, F 37 COKBAERIRG 24 h, 0.45 pm FAFLIE
FRA I8, 335 4 B S5 7E 290 nm K A 0 7 i
JE W2 45 R4 B ARRAE R 2R TP 25 vk B
SRR 4. WEEIR AT, £E R B, SRR
TR IR b TIORY 00 V4 A 34 LU DR 25 4, e A
pH 1.0 (1 ERFRVA B PR R e 2% T8 W 40 b Tl R s fi
FEJRIEURHZ 1 50 £%, 75 pH 6. 8 HYZE miil H , 44 4
THOR AT A BE 2 JEUREZ 1) 100 £, SR K 2 i 1
25N

Table 4  Solubilities of raw materials and drug nanocrystals in different

solvents(x +s,n=3)

Solubility/ ( wg/mL)
Solvent -
Raw materials Drug nanocrystals

HCI(pH 1.0) 23 +1.2 1075 +12
HAc-NaAc(pH 4.5) 6 652 +20 6 766 +17
PBS(pH 6. 8) 7.38 +£0.13 705 +7.9

Water 932 =11 4503 +14

2.4.5.3 HIbEd RS R ANRIEA

[ 25 3L) (2010 4FRR ) ¥ 10 B2 5 28 — vk 2 ik Ay
W o BUOGRFR DA ik Y sk  FhRR TR 45 iR )
PG (A TR IR PR A% 1k B 400 mg) FIUREZY
400 mg 45 6 {7y, B T AR, 2 3 100 +/min, i
JE(37 +£0.5)C ,IZEHR A A 0.1 mol/L ELFRIAK,
ARFH A1 000 mL, 4351 F 5,10,15,20,30,45,60,
120 min EBTEUEE 5 mL, 0. 45 pm TR FLIE I T g,
A h 755 5 37 CHF A BT 208 W 4838 >
RS 7E 290 nm Kb I 5 M AT JRE A A A o it e v
HWERRES AR, H ML LA 7(n=6),
S 25 SRR, 7E 60 min B £ R P43 35 I iR} 24
WA R T% YIRS AR 23% 5%
RCRFE A G, vl B2 R e M F127 B T3

oy E25 5 M40 30 min F P R RDGE 90% LI,
7 Eh TR P A% 0 I 9 Ok HA R I RO U
PERE

100 ¢

80t
601

401

20 40

0
0

Comulative dissolution/%

60 80 100 120 140
t/h

—& —Dronedaron hydrochloride nanocrystal ;—m—Dronedaron hydro-
chloride-F127 physical mixture ;— A —Dronedaron hydrochloride crystal
Figure 7 Dissolution profiles of dronedarone hydrochloride raw materi-
al, physical mixture and nanocrystal in 0.1 mol/L hydrochloric acid

solution (n=6)
RN
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BrEEFFANRE IR 242 o F AR 0 H Y Bl JA 3L
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ARSI £ SV R T A A I A 2 A
A T B AR R TG E G R T T A A PR e e
Fe 33 JFORATRAR I S B, el 1 SR S 4k
AR B dlcREAR fi R AN X 57, 2 5 LR Y TR
A, 17 L2 S 7R) BG4 BER R e TR L
ARSI 2GR/ N T 25 pm, kb 1 T 4 Jo
BUBRZE 3 28 1) XUBSE , i J 3 7 159 5 TR 3RAT AR 2
3k, & 25 ik 87% 24 (13% A2 7€
F127) , i DSC X HH AT 5 5E , 45 3R 7 Fn 2l
Wy 228 S E 4 il e e Y B S AR B Al
SRR KRR A . PR PRI ST 45 R 3%
B, 25 i O BUR BT A 90 OK TR B U kLA PL
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B A Bty R W, JE R AE /N 1 Bk
W, DGR AT Ry R 0 )DL - TR
Jn ==~ [l V45 W o 5 REORE TR bR 2 3K I 2
TN D0 o O 3 NP S 7 5 Gl Ly O
i , T ELIGE IS SR 500 8 (4 45 24, T LS 080 0 AU
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