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Abstract; In order to solve the problem of the solubility and oral absorption of albendazole, with the help of the
stabilizing effect of polymer active agent, this paper adopts the anti — solvent and high pressure homogenization
technology, preparation of albendazole nanosuspension. Then, to investigate the pharmaceutical characteristics
and stability of the preparation, and evaluate the pharmacokinetics of the preparation in rats. The albendazole
nanosuspension was uniform in shape and size under the scanning electron microscope, and the median particle
size was 358. 1 nm. The test results of albendazole nanosuspension characteristics meet with the quality

requirement of the suspension agent in China Quality Standards for Veterinary Drugs (2017 Edition) . The stability
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test showed that the appearance, color, content, pH value, sedimentation volume ratio, and redispersibility of the
preparation did not change significantly after 6 — month accelerated inspection. The Cmax of a single — dose oral
albendazole nanosuspension (45 mg/kg bw) in rats was 5. 895 peg/ml., which was significantly higher than the
reference preparation albendazole — ivermectin powder and Foshan zhengdian albendazole suspension,those Cmax
were 2. 804 pg/mL and 2. 053 pg/ml. Compared with albendazole — ivermectin powder and Foshan zhengdian
albendazole suspension, the relative bioavailability of the albendazole nanosuspension was 214% and 299.74% ,

respectively ; therefore the albendazole nanosuspension can significantly improved the absorption of albendazole in

vivo, which will result in a significant promote of albendazole in the clinical treatment effect.

Key words: albendazole; nanocrystals; suspension; pharmacokinetics; bioavailability
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#r A BRA T XHF - DY 8 ik, T B0 2 4= )
RHE ey 45 FR 2\ 7] ; Zetasizer Nano — ZS90 44 Kk i
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WARAET —20 °C,FFE .,

2.4.2 KR P FTRik e TR (ABZSX) # &% &
B {83 K. Ultimate® XB - C18,3 pwm, 4. 6 x
250 mm; L SAH( T EE. ONF =1:1) 57K4% #870: 30
(V/V) BRI R LB TRR EE BRI, 76 0 ~ 34 min 7KAH
Fe B i 70% —30% ; #E 34 ~ 40 min H: HE ) i
30% —70% ; ¥ P P K 295 nm; i # 1.0 ml -
min "R 35 £1 €

2.4.3 mEHKBALE ORHHER 200 pL KR
B, BT 2 mL B8 KRN NaOH K50 pL
(0.4 mol/L), I WK M (MBZ ) N FR ¥ ¥ 100 pL
(10 pg/mL) &% 1.0 mL ZFR 1, el 3 min, T
12000 r + min "' B0 10 min; W FIEWE T —8
O FE—ETEMA0S m L LML, ER
RURERAE SEAT IR e IR 5 B 850, B R R LB,
40 CHERAMKT,FEE Y 200 pL FELCHEIR AW
(V/V =1:1)%##,12000 r » min "' B> 10 min, B E
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3.5.10 pg /mL MY ILSEAE S, e BE o 224 & b 2
T BE AT HPLC Rl RNk B — R il 4% 5
ASEATRE SR, 2558 H N AR S RBG AL K
W5 d,5E H 2S5 R 8 IR i e |
HEAE SRS B

2.4.6 KRR PHpRAGNE  Fl—HRY
I A i A [R]— 23 A 4L P 58 B, e FR i S A i Ak

PR J5 P A FRAG I A 2 1Y ABZSX A TET FRAR A
PRl £ ] 05 5 A& 3153 & i ] S0 b ABZSX
I
2.5 BFEA I Excel BAFI3 BT AL FEAG I Jy
PR, 2 i i SR A o T AR 4 S 2 - il £
s I FHH 245 824 A F WinnonlinS. 2 DIER =
R b P I AR B — B TR CHE  ARAS 1 24 3 28
ISP+ bRiE2E (x £5) IR,
3 ZERE55H
3.1 MRFMARBEANNEETZ LUGPKIER
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®1 EXRHRBMESESKATE

Tab 1 Factors and levels of orthogonal design experiment

K2 Factors
K- Level
A (MPa) B (n) C ()
1 35 +50 15 20
2 70 +50 20 30
3 100 +50 25 50

TE: A $85IBUE 1416 5 B 78 5 BUREL C 8 2 B

F2 EXEITE
Tab 2 Orthogonal experiment table

45 K% Factors

Group A(BIRETI484) B( 2Bk %) COEE) SEERIAR (nm)
1 Al B1 Cl 452.63 +1.98
2 Al B2 C2 428.36 +1.65
3 Al B3 C3 417.83 +1.53
4 A2 Bl Cc2 386.60 +1.59
5 A2 B2 C3 384.98 +1.44
6 A2 B3 Cl 375.64 +1.47
7 A3 B1 C3 387.61 £1.72
8 A3 B2 Cl1 381.45 +1.67
9 A3 B3 c2 363.21 +1.53
K1 1298. 82 1226. 84 1209.72
K2 1147.22 1194.79 1178.17
K3 1132.27 1156. 68 1190.42
R1 166. 55 70. 16 31.55
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AR AR AR 32 45 R Z M 1 E RO R WA >
B> C, Ut B 20 5 3 % 40 >k R s 4 5 o o K
R IE SR IR 45 0L, DLk i T2 28O IR EE 30 C,
100 MPa #1150 MPa 254635 25 ¥k, [A] A SRkl
AR ATATIE 3 B A T 20 2R AT 3 O]
fitid i R, TS 45 P Bk AR O (365. 43 +
1.68) nm, Y HIfLE H il T 2 A8 e vl AT,

3.2 PRI 40 KGR A T BN

3.2.1 REAMLER ZYOKIREFINIAZEH
o KRl A MR T W] AR fk, pH {H7E 5.0 ~
7.0 M, F R 99. 6% , UL AR BLLL Ry 0. 99, FF &
A

FHF CEZHFE T 100 mL HIERE %
FERCE DR T d J5, IFLL 20 Y/ min (5 BRI
Al JICTRUTRA P Rl BV I 2% 156 B o 700 = o i e
3.2.2 BAMREEZESHAER HORIRBWE
HREB BT 259k KN —, H b kR AR
358. 1 nm, HARWE1 %3,

3.2.3 #EMFELER HYOKIEERERE
30 +2 °C, HIXHRIE 65 +5% R Z1F F At ,
BT 1A 24H 3 A 6 ANH BRI
AT, 5 R R R e B 22 5. [
XS 6 A H 0 RE S A TR R 45 3R b /s b
AT (AR, BARZE R WS 4 S,

Signal A = SE2
Mag= 50.00 KX

EHT =10.00 kV
WD =9.3 mm

200 nm
H

Date :6 Sep 2018 p—
Time :11:18:32

1 FEREBAMKEERABEERR
Fig1 SEM photo of albendazole Nanosuspension

x3 MEZMEHGKBESEHOMESM]

Tab 3 Particle size distribution of albendazole nanosuspension(n =3)

RAE A

Particle size distribution Dv(10) Dv(50) Dv(90) D[4.3]
Hi4% (nm) Particle size 205.7 +1.24 358.1+1.47 562.9 +1.58 373.3+1.68
Fd4 FEFMYGRRBRMEXEE R
Tab 4 Accelerated test results of albendazole nanosuspension
i H 0H O 1l . o 21 N e 3 - P oA >
(plc} Jinsk ol ik () Jin Gl Jinsk
(5P SIN LSSt 99.6% 99.43%  99.28%  99.52%  99.06%  99.23%  98.95%  99.16% 98.65%
VAN RERES SR FAm  KAe kpt Xafe Xafs XKAae KA E SR
pH {i 6.76 6.72 6.69 6.73 6.65 6.70 6.66 6.68 6.58
IR L 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98
A RAf RAf RAf R4f R4f RAf RAf Raf R4f

F5 MFRZEMAMKESROMERESE
Tab 5 Physical stability of albendazole

nanosuspension (7 =3)

KA/ nm s ZiRo M Jmike A
Dv(10) 205.7+1.24 214.47 +1.54 226.48 +1.42
Dv(50) 358.1+1.47 372.36+1.43 394.44x1.64
Dv(90) 562.91.58 583.60+1.68 594.12=1.85

D[4,3] 373.3+1.68 386.06 £1.49 397.63 £1.62

3.3 MEXLAKBERERREANNG ¥
REAE

3.3.1 FiEFEE PIZRIABRI ABZSX 14
RIS AT ST I ST PRI R Y 9.7 min, 3
VRS AIETE BT YRR 5 2% T R P43 B K
TSR, PR R 2RI e (1 £ B3 BsF 8] R 22 i, B
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AR R R 28 min, 25 ALK iR 2,
25 [ I 3 % N ABZSX (2ug/mL) . P B8 MBZ
(10 wg/mL) B2k ME ABZ (3 wg/mL) Y {433 K]
el 34 b i 5 E s 4

mAUT
40
30t
20t

10

O_A_A/\A___.\_

-10

510 15 20 25 30  35mn
E2 z=AMLFEE
Fig 2 Chromatogram of blank plasma
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20}
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-10

——

é 1l0 1I5 2I0 2I5 3IO 3I5 min
B3 =AMmE$iFMN ABZSX . MBZ ABZ f&i%E
Fig 3 Chromatogram of plasma with ABZSX MBZ ABZ
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| N, |\
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5I 1‘ 3.0 ?i min
4 R7AEM%E  ABZSX MBZ ABZ it
Fig 4 Chromatogram of ABZSX MBZ ABZ in

plasma after administration

3.3.2 A ITAERE  FTASARRIEAN( ABZSX)
£ 0.02 ~10 pg /mL WREEEHIN, 3K 2590 T 5
ABZSX WIS N s s T AR 3 OB A R AP £k
PERER, BIE RN v =0.2501x +0. 0147, M1 56 &

e 7909992,

3.3.3 ik FRiEL R PRAMRIEA( ABZSX)
T£0.02 ~10 pg /mL ¥BETE I, 2% 50 B 7 ik i [l
WKy 83.39% ~95. 41% ; H N 78 7 R B 78
6.29% LA, H )28 7 REAE 6. 19% LA, K%
JE R A5 A BR (LOD) | /& PR (LOQ) 4 %1 K
0.01.0.02 pg /mlL,

3.3.4 Hypsh A FHyE REOHR=FEH 64
I 1) o5 S 347 i 294 3 DL 3% 6, 24 1M 2 e B — sk i)
MR ILIE 5, SR FHAE G AR 43 B 5 VAl B =il
3 B 25 B0y 27 S B SRR A W R E , LA 259 3 )
PR,

T 18 B 2 3k s 294 K A2k R 5 B 2 ik e 7 A4
Ry 0 Ly 1 S 2k e YR Rk VR 1Y i 24 0 vk
C,. 43514 5.895.2.804 2. 053 pg/mL, 2513k 1%
WHE) T, 43904 4.0 4. 667 Fll4.40 h, FKBHFH Y
I R A A 8 K Y S TR 2 O DA Ak R I 2 o T B R
WA P 4 TRT 2% Ry S s L T S BT 2 ks s YR AR AR, WA S
MY g A P A A5 5 LR B 24 gk s 4 TR
FOBy A L1 T BB A e T YR 1 AR G A A )
3N 214.0% F1299. 74% , 3 BRI A B 2 35 g
YRR A TR 1 005 1 1 B 4 A s 14 26 A R

%6 AROBMELEMFAEHENE 2 MEER

(45 mg/kg. bw) J5 & B s R 15 =4 ABZSX HY

MmZRE(n=10)
Tab 6 Plasma concentration of metabolite ABZSX vs
time of rats after oral administration of Albendazole

Ivermectin Powder and 2 suspensions (45 mg/kg. bw) (n =10)
EB MG REE( 8. D)/ (pg. mL~")

HF[E]/h

RSN AR S ESUEMIES

YER R A IR IR IRMEG R IR B
0.5 0.653£0.142  0.416 £0.084 1.048 £0.252
1.5 1.48 £0.347 1.288 £0.333 2.352 £0.495
3 2.345+0.435  1.842£0.459 5.243 £0.826
4 2.65 £0.605 1.734 £0.441 5.764 £0.473
5 2.612+0.669  1.646 £0.269 5.674 £0.454
6 2.479£0.609  1.497 £0.299 5.275 £0.493
7 2.10 £0.486 1.143 £0.321 4.86 £0.658
8 1.859+0.614  0.918 £0.322 4.142+0.59
12 0.755 £0.446 0.59 £0. 466 1.711 £0.367
24 0.049£0.022  0.096 +0. 067 0.04 +0.006
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£7 ARORMAEEIBFEEEMR 2 HEER (45 mg/kg. bw) /5 ABZSX MEZHHEFESH (n =10)
Tab 7 Main pharmacokinetic parameters of ABZSX after oral administration of Albendazole Ivermectin
Powder and 2 suspensions (45 mg/kg. bw)in rats

SFHME( £S.D)

2 158 Hf

BT IR I (A T 3R 9% L1 I SBT3 A I TR ARAIEGE B K A K TR A

t1/2 h 3.711 £0.495 3.126 £0.524 3.25£0.057
Tmax h 4.667 =1.211 4.40 £1.517 4.0 +0.756
Cmax ug/mL 2.804 £0.669 2.053 £0.351 5.895 £0.444

AUC, _, h % ug/mL 26.098 £6.12 18.254 £5.705 56.207 +5.337

AUC, _., h # ug/mL 26.333 £6. 142 18.801 +5. 682 56.354 +5.358
Vz_F ml/kg 8249.8 +3119.93 13503. 61 £3172.33 2736.572 +239.059
CI_F mL/h/kg 1796.9 £457.73 2572.35 £745.046 804.431 £70.772
MRT h 6.888 £0.881 6.895 =1.843 7.001 £0.326

707
6.0t
=50t
%:34.0 F
B30t
Foot
Lo}/
0.0

— BARR S PR 200
== AP AR RN K TR B
b IE ST R R

lIO 12 ll4 lI6 IIS 2‘0 22 24 2.6
IR ] (h)

E5 XEAORMZKABFLEFRERHNE 2 HRER
(45 mg/kg. bw) J§ ABZSX Y 253K B — B i) g £&
Fig S Blood concentration — time curve of
ABZSX in rats after oral administration of Albendazole

Ivermectin Powder and 2 suspensions (45 mg/kg. bw)

4 WHieE54£iR

PR AR H v XV I 24 ) A R R 0K
Wz — 8 AR I G KR B 4 T R Rk
“Bottom — up” HAR P HYTTIEH AR “ Top — down” £
AR e R B HOR I G Rl B R 00 -
AT UUTE R Y 25 W A AT B 2
A= G5 A ORL R 9K f A, 57 A T R TS T A
KRR, 76 PR E 25 0 40 K SR SE b b Pkt
A7 1 PR BT 23 345 I AR AR 53 HIUCHG B SR AR T /N Y
YK AR, (R EEAE 25 9 DT S R vl o s T
fr BT (AT S B AR S A I 2D BT R AR 4/
AR IS BIVIR I, TR WIR AT & A o, kA
T 2 1 22 (10 34 JoT AR B B R 19 10 B s 1 4 R AR
WA, AT 55 2B ] DT AL A B 401

YRR EFTERC )T b, o ARG ITIE e b 24
Vs A AL b B0 SV A 28 B Vs 1) (G
K) R TES ST BT B GETTIEE B U S
SO YRR LR 15 B AR TR B R 255k
BRI PrBAE MER 22 B A DTSR B 24
TR AT AR AL, ek 25
PR B RSPIRIR IO PR R AIE 245 PR RS e 19 n
AT B TIRAR IS AR E KR A T4 i
Brib o SR Rl R R W] T2 R, A R T
YR NI B H XA £

AT ST AR B 1% I 1 DV B il 300 R e 1
WA AR W], AT & (i 5 25 80) 2015 J2 %
TR AR BT 52K IR E Z 00 T A7 il i 4%
6 ™A 2k 45 G it BEOR, Ud A B 5 B
TR A K TR ek B A AR e (R ) B 1

By 8% Tk e 1 i S, AR Sy BT SRS Sk ke T A
ABZSX B ;A Ml ABZSN & ABZSO, — NH,, H:
g EEAEH YN ABZSX B R TR s 1)
TR KA P B9 25 AR B 1 2 R
A= YR R SE G 45 A, 11 HRASAIF 5T A9 B 24 1k e
YRR B BT TR I AE TR 2R M | o L T B
TR TR AR VR A EE AR N ) E 2 B2 S8 Tmax
Cmax ,AUC,_, Vz_F CL_F .t , ¥F i 22 5 A
T AR H BE 25 1 TR R (AR A= R I
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