. 192 . FEEEZS Tk Z4 & Chinese Journal of Pharmaceuticals 2018, 49 (2)

pH KEA BB R TURE A & 218 B RIIAKIEZ5T
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FEE : iR SEE R (1) M LZ, RA pH RBURE R / DUE ik & LUK BT DL 1 GoRIR B K~ 2R A%
Z R (PDD) KSR EVE bR, R BRI AL T A L E ., Pt ab 77 fl L2050 - AR b 4 407
(P407) Al Tween-80 (T80) (1 : 1, ww) {1 9RIREFIRIFER, MESEH THEEIN T 20ww) 5 BL 13 000 r/min
AR g BT 2 mine BAEBIG RN, 3 it 1 HUKRIEEFK P EIRARILE 200 nm LAY, PDI{EZ 0.2 ; FijiE 7 d J5,
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FRORRIR T NBURE, R ITIDEHT . MANE I RoR, 1 9PKIRBFIFERERR ER 20 (pH 7.4) h 5 min BIAT ¥ Y (91.68+3.26) %,

15 1AL ER 60 min IV AU (50.45+3.13) %0 4R KWK 1K G, I AR B 0E.
KA KB ERE s GORIES 5 pH WABURTAEME / JTIETE 5 WS
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R, R il BT 1R o T A b
THMmRE, BERMAEY, WHWHEX pHE
SO, DRGSR FH pHAORSE ) 5 i/ D00 2 1) 4 L 0
KRB DGUKIREFMRLAR, 24 B 45 2
(polydispersity index, PDI) Af&5E M NHE L85,
AR R AT T2, IR AL TS
AT 256 R Frl 4300 1 48 K87 1047 B ALV
RAEFRINE AT N 5L
1 URFERS

Zetasizer Nano ZS BURiFE A H ¢ ( 9E[E Malvern A #] ) ;
B25 RS = A WL AL (L DU R A B 2 A R A
") 5 1260 B m RoUE A (FCA DU TeoE. RGN
HEEFEA . RAMAT R BRI A, K Agilent AF] ) ;
S-4800 RUA A K AR s ( H AR AL HSZHIERT ) -
2RS-8G B AE i AR I (KRBT R KR KFHEA R 2
CIDE

gtz (PO R IRE A THRA A, & &
100.46%, 5 MLAH003041617) ; 1 X8 G ( dhE A2
WRERE B, S 99.9%, Hit'S 100679-201102) ; Tween-
80 (T80) « YHV&IP U 188 (P188) 11K Vb Ul 407 (P407) « D-a-
B MR L 1000 BEHIRRES (TPGS) ¥l B b5t KALKE
REAAARAR T he IR (SDS, VBt L
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WHRAT) ; BHHFL4ER ES(HPMC ES, Z#uliim 251
WRBARAR )  WEOAGA, HARF AL,
2 FAEEHR

2.1 1 YRR EFI ] &

1 0.825 g fl—E B MARERIIN4E 0.1 mol/L
SEINE 50 m] AR, SEER a5
U1 mol/L #7185 ml, fE N be 7EmE BTN
YEF TR b M IMABA R a v, Dhl—e il
B — 52 B A 5 RIS 1 9KIR 7).

2.2 1 YRKIBEFIM A5 A T2k
2.2.1 1 KRR E EVE 4R AR I 57

#1425 PDI: ll—@ &M 1 YPKIEEFR, DIZE
TRARAE B (A JRFTEE  1.330, A IREE -
0.887 2 Pa-s), WGILARE 200 £l B 2 (A5
TR, PRGN E Hoki 42 S PDIL, IR
R 25°C, HEE 3 UCRPEME.

A B HIE 1 9KIR BRI B AT
25°C, 43T 0. 1. 3, 7 dsERALA PDI, @it
X N 8 SR 0 E A8 2 BT SR VP AN ot ) R
2.2.2 FaE ARSI

li] 5 Ab 75 AR E I FH & 165 mg,  BYY)E %
410 000 r/min, BYYJE AN 3 min, &M 6 FAA
fffasE 7] (T80, P188. P407. SDS. HPMC E5 &
TPGS) 75l 1 9eoKiRE5, MEHmE 0. 1.
3. 7d kA PDI, S5 W 1. AT I, £ 0 d I,
B HPMC E5 41, Hpga e b4 1 1 9eKiR &7
IRLAR TR DR, AE AN [F) RS 58 771 4% 1 4K
TR 7 d e PEA ZZ 50K s SDS fERR E IR,
PRz, MWO0dH 109 nm HKF 7d#) 7 um ;
P188 Al TPGS 142 7l 5 (1) 1 G KR BRI THCE
7d 5, KA KA 1 um LU E, H PDISEIEK;
1% FH T80 B, P407 1E AR E FINT, 1 9KV B FIRLAR |
PDI Jefase X idr. Rk, k8582w EBta M
GO
2.2.3 P407 5 T80 A [E] L4l () 5 0

[&] 52 P407 A1 T8O L &N 165 mg, HAthZ{4HA
A, W10 0 0.8 1 2,5:5,2:8,0:10
(45 2 EL 23 ) il 2% 1 9Ky E A7), 25 LI 2. A A,
X P407 @ T8O NS & SHF, 1 9KiEERIMIKLZ

PDI

T80  PI88  P407
FaE A
$ife: eza0d; 31 d; mEm3d; mmm7d
PDI: ¢-0d; m-1d; a3d; e7d

1 REFFEX 1 YRR EFRIKZ. PDI K
EMRIFIE (n=3)
Fig.1 Effect of Stabilizer Type on Particle Size, PDI and
Stability of 1 Nanosuspensions (n=3)
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$ifk: mzm0d; 31 d; emm3d; mmm7d
PDI. e0d; m-1d; a3d; &7d

2 P407 5 T80 REIELHIRT 1 KB BFIRIRIR
PDI R A2 EMHIFIMR (n=3)
Fig.2 Effect of Ratio of P407 to T80 on Particle Size,
PDI and Stability of 1 Nanosuspensions (n=3)

1 PDI te/hy, Fase et
2.2.4 25 58808 AN LA i s

i 2 HAh 2 AR, #1 5RERiEL R
10 01,10 2 2, 10 : 4, 10 : 5, 10 : 645l
F1GPRIREFN, 4R WE 3. FEERERHER
o, RARREAS, M1 5REAMEE 10 5
10 @ 6B, WERMPATLTEEMZES, HPDI
A TT WL, AT AR M T i — 2, BT LAk $E 1
HRERRKEEh 10 5,
2.2.5 BYUII ] #5200

WA bk b T U I 25 IR € 8 P407 Al
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PDI

10:1 10:2 10:4 10:5 10:6
) 1:REH)
$itk: mza0d; —31d; mmm3d; mem7d

PDI: e-0d; m-1d; a43d; e7d
B3 FHSREFNTRILEFIXT 1 AR B0 AR
Z. PDI RIZEMRISN (n=3)
Fig.3 Effect of Ratio of 1 to Stabilizers on Particle Size,
PDI and Stability of 1 Nanosuspensions (n=3)

T8O (1 @ 1) /E 1 geKBEFFER, SFEZ411
Eeflih 1t 20 it BT YIRf a6 Hokif2 . PDI

S e e, [ E BYY) #4910 000 t/min, 4y
SIETY) 1. 2. 3. 4. 5 min B3] 1 9K ER, 4
FIE 4. FEEBUIRAEK, RRRARE—D
BREAR R M A T, (G R PRS2, PDI S BRI
JaFtE, fEBIY) 2 min B, PDI A7 d e 45 3
RRYIEN, SREHFIE, B EIESE 2 min.

PDI

BYY)0S ] /min
Fits: mza0d; —31d; mmm3d; mmm7d
PDI: ¢-0d; m-1d; 43d; &7d
4 AEFYIREIXS 1 AR EFAVRIE . PDI K
TREMRIFIE (n=3)
Fig.4 Effect of Time of High Speed Shearing on Particle
Size, PDI and Stability of 1 Nanosuspensions (1n=3)
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116 000 r/min 73 7l i) 26 1 KR & H], 258N
Bl 5. BEAEBIUIEARMIG N, KR A PDI #RS P f5
FF, MEZHRN 13 000 r/min i, Fif2A0 PDI 4351k
(185.9+5.1) nm A1 0.189+0.012, 7 d P4 §a5E Pt 5 47,
ALtk BY1)# 2 E Y 13 000 r/min.

400+ 0.5

3004 r04
g 103 _
X2 200+ a
py 7 L0.2 &
S

1001 ol

10000 13000 16000
BIY)#E R /r.min”!

$ifs: mzm0d; —=31d; =mm3d; mmm7d
PDI. ¢-0d; m-1d; 43d; &7d

5 FAEEYIREST 1 PACREFIRIRIEZ . PDI K
REMRFENE (n=3)
Fig.5 Effect of Speed of High Speed Shearing on Particle
Size, PDI and Stability of 1 Nanosuspensions (n=3)

2.2.7 RETLZEMEAE

HE AR A 7 EEBIRREN 1 58208 7% 3 10
P L s e e T2 4% 3 ik 1 gekiR B it
TR, Iz 1 9K EFIR4E. PDI Kt
EME. BTN, 31 9UKIEEFIRLZ D BN
(183.742.4) . (177.2£7.2) . (175.0+4.2)nm, PDI {#i
4351 0.21340.012, 0.185+0.024 1 0.192+0.038,
7 dRoEEF g, RS 30 nm N, PDI
BNTE 0.03 1, UiHAAH|& T2RE. 11T, 48:H
ZAETT AT DA R
2.3 1 YRR EFIRAE
2.3.1 RFESF AN ¢ AL T

B —2 &\ 190K ER, | “2.2.1” IR
JIENR 1 4K 2R IR AR, PDI J ¢ AL 5
9 (179.3+4.5) nm. 0.189+0.023 & (-23.9+0.6) mV
(n=3) »
232 1 YeKIBEFIE S WS

1 gPRIRENE G ERESGHER L, =
B AR TEEEAMES (SEM) FHEHLESE,
iR LK 6. HE 6 TN, JEEIZIE SEM T2 A
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FREN IR AE TS, RIS, RARAE 5 ~ 40 pm ; 1M
1 GRK R B 77 S AN U] PO AR6 [ 2 /N JOORE, 3 THD G
RIfRAE 200 ~ 400 nm.,

> &
50.0 pm J<2 2.007um

A 1EEZE (x1000) ; B: 1 9KIREF (x20 000)

6 FFERERA
Fig.6 SEM Images

2.4 1 YK G IAR SN L

Gt . &9842 Inertsil® ODS-SP 41 (4.6 mmx
150 mm, 5 pm) ; A4 HE | SRS
(pH 4.5) (52 : 48) ; J&Ait 1 ml/min; 4238 25 C ;
AR 355 nm ; #EAEZ 10 ple

3t BB Fois - RS EEARE 1 GRS 25 mg, B S0ml
s, A 0.1 mol/L E A MMNERIBM, JFHIR
AHESY, 13500 mg/L X HE S 4. 4k ifi
WMEAIFRERL 20 40, 75, 100, 150 F1200 mg/L
A0 B VAR

X d R R B R AR A AL T RN T2 A
1) 1 9K B 1 ml, FHURBIARIA AR FE 200 £F,
B A5 Ry 75 mg/L A A S VA T

MR bR BB« A T R A ERRE AR ] )
e D0 T 2] A AN B JERE 245 1 B ) B R VSR, O F
SR FH A iV VR B T VAR

SAMTEE AT EFHR: VIRE ¢ 1820 ~

mAU

mAU

200 mg/L JE P SIEmAN 4 B RIFRIZEHRR (b
Y2875 72y 4=28.97¢-13.08, R’=0.999 7) ; L&
PEIREE 25 R R I FLAh o5 1 I e T3k, 45
W 7; HERSD A 0.11% (n=6), #FEHE RSD
90.69% (n=6), 24 hFaEVER RSD 24 0.13% ;1K
TR B IR [N R 430y (98.63+1.10) % .
(99.51+0.21) % A1 (99.17+0.41) % (n=3) .

FLR AR 094 & 1 PURIR BRI T
BIRREURS E B e, IiKERE, M3 1
SRR, B BOY ), RIS 15 mg/ml
() 1 A VR B

3B R 1 9RIR B LR B, %
25488 2015 SRR PUFHGEN] 0931 55 =% (/IMRE ),
L 0.05 mol/L TR Eh &z ik (pH 7.4, HUMlg — S
1.36 g, /11 0.1 mol/L EAMINEW 79 ml, F/KH
FE% 200 ml, BIFS) NIEH AR, AFH 200 ml,
0N 100 r/min, RN (37+£0.5)°C, 43A{E 5.
10, 15, 30, 45 #1160 min I BURE 2 m1 ( [&] IR0
FRAEEAT ), 4 0.45 pm ALIERB g, 1B E
W ETE LA RE AT, TRV AR, A
2, SR IKE 8. MK 8 Ak, 1 HIVEEW 60 min
VA 2N (50.45+3.13) %, 1 1 GKIR E5FI7E
5 min BV HZRIIAZE] (91.68+3.26) %, ¥ H R
AR AL TR B, VPR 1% gk iR 277 S
T R R B O .

3 g

AARIE A 1V B2 52 pH B SR R RRME, R
F pH WRH T/ DUTEVEHI 4% 1 9KIR BT, BE
WG T mR L. AR LS R AR R N,

mAU

B C
200 200 200
150 150 1 150
100 100 100
50 50 50
0

0
01 23 456 78910 01 23 456 728910 01 23 456 728910
t/min t/min t/min

A WAL B ARSI, C - PIPEXIRIER
1-1
E7 1H#E HPLC &iEE
Fig.7 Typical HPLC Chromatograms of 1
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Fig.8 Dissolution Curves of 1 Nanosuspensions and
Coarse Suspension (n=3)
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F]0.825 g, W[E e HoABOR 3T 5 BRI AL 5 F1 T
itk
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e e PR FN F E  s  g oK VR 2 7 i ) HL AR
FEME,  HONGROKIR B B AR e 1 F 32 B A FEL AR
FAFNZS (AR RH, AN R FR S R RS e 77 4 47 40 K TR B
FaE MR EEANFE . A2 2 A R DA gERr RS e,
It 20T Re 2 kAR H A 28T R BH AR 4K R TR EE 1)
YRR Mo AR FEIBCA i P IR T8O A1 P407 K 4h kiR
sl EEH RE AR E/EH. BEHER
W, kARG, fREtkigs, HEIFdEHEm
ZRGF . fEmBI YRR T, BY) I ZR AN ] 2 50
PKIR BNk, PDI e fasEt:, BEE BT VI A
FIIEK:, XTYRKIRE SRR /N, PDI SR
RJE TR, 38 24 0 BT DI a) w] DUASE 299 K TR B 77 P

thE £ 2 T4 & Chinese Journal of Pharmaceuticals 2018, 49 (2)

AT EIS], AR AT RS AR R AR T
ARIT23 e ; FEA BY VIR A0, hite A
PDI #5e k5T, TR P 39 D) RE A 25 RiAz s/ »
(E BT )3 A< (R 3k — 20 1 AT RE 2 PR 9 KORE 3% T
BRI R A L R 4R, PRI AR e 1

ARG LA oK TR 87 i 2 B i b —— R A
PDI K FasE v dadn, KA R ZR kLt kT A T
2o UL ARAL T A 253 21 1 9eKiREH 5
FOHR B, WA R SGE, HYPKR
AR — R, 45 s SR A N A,
HIg T8I ey 2 AT MR &R, A2 A7 A
s R MR TR R BRI
%, Pk, FZR 1 geKIRE BN Fh
EIE R AR S AR, DUEH A R B . 3T
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Preparation of Meloxicam Nanosuspensions with
pH-dependent Dissolving-precipitating Method

LIAN Wangquan'?, SHEN Baode'?, SHEN Chengying’, XU Fangchu’, YUAN Hailong'**
(1. College of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004; 2. Air Force General Hospital, Beijing 100142)

ABSTRACT: Meloxicam (MLX) has been considered as one of the comparatively efficient antipyretic-antipyretics.
However, its poor water solubility has limited the clinical applications. Recently, nanosuspension (NS) technology has
been successfully used to tackle the formulation problem of poorly soluble drugs. To improve the dissolution velocity of
MLX, the MLX nanosuspension was prepared by pH-dependent dissolving-precipitating/high speed shearing method. The
process and formulation parameters were optimized by a single factor test with average particle size (PS), polydispersity
index (PDI) and stability as the indexes. The optimal formulation and process were as follows: poloxamer 407 (P407) and
Tween-80 (T80) (1 : 1, w/w) was used as the stabilizers for MLX nanosuspension and the ratio of the mixed stabilizers
to MLX was 1 : 2 (w/w); the speed and time of high speed shearing were 13 000 r/min and 2 min. The validation results
of three batches of the optimal MLX nanosuspension showed that the particle size was within 200 nm and PDI was about
0.2, and the fluctuations of particle size and PDI were within 30 nm and 0.03 after storage for 7 d under room temperature.
The results of scanning electron microscopy showed that MLX nanosuspension was irregular oval-shaped small particles
with smooth surface. In pH 7.4 phosphate buffer, the dissolution at 5 min of the MLX nanosuspension was (91.68+
3.26) % ,whereas the coarse suspension of MLX was (50.45+3.13) % at 60 min. The dissolution of MLX nanosuspension
was significantly higher and faster than the coarse suspension, which indicated that MLX nanosuspensions had a
significant increase in the extent of dissolution.

Key Words: meloxicam; nanosuspension; pH-dependent dissolving-precipitating method; dissolution
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