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WE.BH KALBRWFRENELEREFR O T FiE RBTRIELE R, AE 2 E NaCl &7 & B 2R ATH (PEO) &
FTAROREEAALE, A 12h RBRBREEH B ERNEGEA B L, KA Box - Behnken &3t — v B ik Jf ik sk 4% 4 o7 S B4,
FHRAMBEN ER ZREAKXBA A REMSEA R RIIFR S W EHE R R oG AT H , 425 & NaCl K 10. 50 mg,
BhAE B PEO % 1 64 mg, L RIEZE 6.50%. FT4F 3 BLAE S by 12 h RARBH A H) K 80. 14%,79. 14%,78. 08% , B 24 th 25 54 B 4 H1
#0.9735,0.9942,0.982 8, L ZM{A L FANMAR B H £ AR ML REREN, ZHALEZRFRTRIHRE, BLE TR ZA
RBARAEEIR Box — Behnken %3t — o B @ ik AL 2 69 4L 7 AR R AZ A R WE R S MBS ERIEHER AA B FNEFSHE, B
T NERAT
EE BRI R S W EBE RIEE N ;Box — Behnken %4t — v B dg ik 4 AL A R

FE 43S R4 X ERFRERD A XEHS 1006 — 4931(2022)01 - 0040 — 06
Formulation Optimization of Difenidol Hydrochloride Double — Layer Osmotic Pump

Controlled — Release Tablets by Box — Behnken Design — Response Surface Methodology
ZENG Yuan',LIU Hui',HU Hua',ZHU Langiong'”’
(1. Department of Pharmacy of Medical Security Center,The General Hospital of Ceniral Theater Command of the PLA,Wuhan,Hubei,China 430070;
2. College of Pharmacy ,Southern Medical University ,Guangzhou , Guangdong , China 510515)
Abstract: Objective
Tablets. Methods

the push layer and the weight gain of the coating layer were selected as independent variables, and the 12 - hour cumulative

To optimize the formulation of Difenidol Hydrochloride Double - Layer Osmotic Pump Controlled — Release

According to the pre — test results,the NaCl content of the drug layer,the polyethylene oxide (PEO) content of

release rate and the drug release curve fitting degree were taken as the dependent variables. Box — Behnken design — response
surface methodology was used to screen the best prescription, and the verification test was carried out. The stability of the
prescription was investigated. Results The cubic polynomial model was the best fit model. The optimal prescription of Difenidol
Hydrochloride Controlled — Release Tablets was as follows:the NaCl content of the drug layer was 10.50 mg per tablet, the PEO
content of the push layer was 64 mg per tablet,and the coating weight gain was 6.50%. The 12 - hour average cumulative release
of the three batches of optimized samples were 80.14%,79. 14%,78. 08%,respectively, the linear fits of the release curve R* were
0.973 5,0.994 2,and 0.982 8,respectively, and there was no significant difference between the measured and predicted values.
The results of the stability test showed that the preparation had poor stability in a high humidity environment and should be stored
in a dry and closed environment. Conclusion The optimized prescription screened by Box — Behnken design — response surface
methodology is reasonable, and the prepared Difenidol Hydrochloride Double — Layer Osmotic Pump Controlled — Release Tablets
have significant sustained — release characteristics and good stability.

Key words: difenidol hydrochloride ; double — layer osmotic pump controlled — release tablets; Box — Behnken design — response surface

methodology ; formulation optimization ; stability
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J& , FE 25 2R AR A BOBHT LA 7 XFT — R 25/ 1L,
B2 BB R A O RNZEB BERERR G, Ko
AR BB EIEA RS & 242 8 R PR B th T A
FEE PN 25 BRI B o, A B4 2% 5 43 R K B2 T O 1
WeSER T, & 252258 LUR B B X R 25 4L
TEH R B B I BRI B RS 2577 R RS 2 e a7
254 Rt A Ty e ad A IR Ak T A TR R RS ), O
BT A B B WA 4 R R A
T RAN T B R Ab 7 AL A AL T A PR E X R R
Mo e 2B 7 B2 AT R B s S AR 2k L 538 9 I
VTR S) BT 3808 T PERS AL &, B AR 0 Ik
B> AR TCTE 5 2845 N Rl AR AR, H Tt 2R
A Box — Behnken 3511 — Wi b7 17 125 51 FH AR 26 P 827
B AE 0 S AT H 5 U 3l 2o 0L G A 4
T bR A R T, AR R T RS B A E I A A%
PRIZE 45 b 5 ) 1 (L[] B9 O 3R 46 1 e AR 7K T
(7] B AT 5% 400 8 R R AT 25 43 B8 AR IR 5 R
Box — Behnken 1511 — Wi i/ [ A4k T R R M55 JE 2 WL
JRB BRI R T I % SRR e M IR E R
1 XE5RE

1.1 {4=8

DP — 1. 5 A B i R HILC LV 0 il 2 WLAEA B 2
A)) s WGL — 1258 B B $R XU A (R T 28 iR
PAFRATD) s BY — 300A B /N4 AL (i B e )
HALERAT PR E] ) s SDK — 1 - 02 B BOGFTFLML (R e
Tolk B SRR AFFE ) s RC — 806 ALIE i B0 AL (K
HETT R KRR ERHEA FRAF) ; SPX — 250C 46 L H 1
#6 (IR A BR 2 F]) s DELTA - 320 8 pH i1 (Fi
+ Mettler Toledo A ) ) ; BT25S AU Hi, 7 F3F (1% [ Sartorius
NELL KR 0. 01 mg) ;5 Agilent1200 Y 25 S50 AH (5,354
(Agilent Technologies Inc. ) .

1.2 X%

R iR b S5 JE 22 ek HE Cr [ 6 2 RS T B
fit*5- 4 100841 - 201303, %54 99. 60% ) ; £h IR Hb 5 )2
Z JFER 25 YR T & WV 2000 B A3 PR =L 3t 5o
20150113) ; B A & 5 (PEO, KR FEA | L, 5 N
D682J3SRH2) ; S 4k 8N (NaCl, VL. 958 #h a5 2~ ), It 5 A
20151019) 5 3 £ 4 Mk W% % B (PVP - K30, fit 5 4
150206 ) , fifi fig R B (L5 4 140216) , Y90 H 22 #lm
25 FHA R FR A | 5 BE R 41 4 2% (CA, Eastman Inc. , it
54 AC - 02379NF) ; B8 2.~ 4000( PEG 4000, H5 5% &,
RAL T AR T, #5820110101) 5 E AL BR LT (1 ifE—
i BB FR S 7 L 415 20160523 ) 595% 2T (35 #kAs
BRI Sl B A7 BN 7] 54 20150228 ) 5 IR (43
Mrad, R & TG4k TARA A B8R . = O

(fag%al, 1 Dikma 28 &]) 5 FBE (43 B2l B 254 4L
A BRA A .
2 FHEEER
2.1 WNESEREBRRNGE

Fovs il g 4 AR Ty R R L 2R JE £ \PEO (NaCl,
WFEE 2ok 80 H i , #4 55 it i 3 L TR A, A = 266 71
PVP — K30 CEEH R, il F0b , 12 20 H i, 4R15 & 251210
UKL a5 3 43 I BRECALL J5 it B2 45 4R, i 80 H i, i
A, M B8 95% LB, b, 32 20 H i, 2R75 Bii#E 2
M URL b 40 CTHE 2K R 1% ~ 3% (254 h) , 1118 B
iR, o A AL Ty w AR AR EREE TR A, BIA 5 24 2
UKL a F1BhAE 2 FIURL b o SR FHOBUZ FE A, e A& 24
JZIARL a, 32 FE S J5 (8 Bl 2 0K b, R i R A oy
60 ~ 80 NXUZ Fith.

A FRIAL 7 6 CA I T3l SN A b, S22 I A%
il 5641 PEGA000 7KK , FREEHE 4 h 258 T i
BV, RSO R FH A A EE AR B il A5
WUZ R ERUE I, B 40 °C MEFE T8 24 he

FIAL TR S A R, R BB = ROBTTLAL
TEZ52MAT 14250, 70 mm BYR 2 /NFL , EIA5- 25 2 1,
SRR ABE R
2.2 WEBEREBRAFBHENEN -1

WA 6 Fr, 4% 2015 4F g i [ 24 3 (U ) ) 38 )
0931 45 3, B A J5 ok 900 mL JI B it afifb /K, A i
HEHE N (37 + 0. 5)°C, 55144 50 v/min, RIEERAE 43 3T
2,4,6,8,10,12 h B HUA K 4 mL, FH 0. 45 pum GFLIE K
PE L, 43 B8 2 mL, A R A T o) B R
75 e Z X BEGH 5 me KGR FRAE , IR J5T i) ol o £
WEBE R 50 wg/mL T R VAV, VR e AN i T
HEBRBUE Q)
2.3 Box — Behnken i&it - Mo EE 4L AL 7714011 -12]
2.3.1 AR R T

R i i 300 PR DR 3R 2 S AR A L, R £ R M %
JEZ IR BRI BT AR KA 34
F N E, BN Z PEO AL i (N E A, mg) , 5242
NaClZb 75 (N E B, mg) , A HE(KEC, %) LA 12 h
SRR (Y,) ARG i e 405 B (VL) i 484 , B
ANHZEE 3K AR 1,

%1 Box - Behnkeni%it — N EAEZEKFER

Tab.1 Factors and levels of Box — Behnken design — response

surface methodology

K % A(mg) B % B(mg) B % C(%)
-1 50 5 4

0 60 10 7

1 70 15 10
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i 3 Design — Expert 8. 0. 6b 244 1% 17 21560 41
B, BRI 2 A ) ) 2 T 2R o i BEA T RORL TR R
LA, MTE , IF Bl R
%2 Box — Behnkeni%Zit - Mufz E A IE4E R
Tab.2 Results of Box — Behnken design — response surface

methodology test

R3 Y MY,MAEIWER

Tab.3 Analysis of variance for responses Y, and Y,

KI5 A% Y, (%) Y,
A(mg) B(mg) C(%)
1 60 10 7 80. 14 0.986 5
2 70 15 7 72.39 0.9632
3 70 5 10 59. 86 0.9523
4 50 10 4 71.58 0.9512
5 50 5 7 64.53 0.976 3
6 70 5 7 69.27 0.9792
7 60 10 7 78.26 0.982 6
8 60 15 10 62.32 0.9523
9 60 15 4 77.37 0.9554
10 70 10 10 61.25 0.966 5
11 60 10 7 77.43 0.9832
12 70 10 4 73.43 0.968 1
13 50 10 10 53.16 0.9623
14 50 15 7 65.15 0.978 9
15 60 5 4 76.51 0.943 5
16 60 10 7 78.24 0.986 8
17 60 10 7 78.42 0.984 6
2.3.2 RBEITERIEB NG

K H Design — Expert 8. 0. 6b #X {F 43 %4 , ¥4 K H
Atk PR RA EAER R I =k 2 U A
HATILA ARPERLA T R R PAE AR A C R BU(R?) 15
=R 2 AR AL G Fe A OXHULE S B i1 7
2E53 AT, S 836 Wie) 7 AL 5% W) AN I 2 (P > 0. 05) By 3T, —
R Z AR T FRUT

Y, =78.50+2.494 + 0. 83B - 7.93C + 0. 634B +
1.56AC+0.40BC-7.41A%>-3.25B%*-6.23C*+0. 104’B +
0. 2842C + 0. 51AB*(P = 0. 000 3,R*=0. 996 2)

Y,=0.98+5. 275E-0034+2. 975E—-003B+1. 425E-003C -
4. 650E -0034B - 3. 175E-0034C-2. 975K - 003BC +4. 050F -
00442-0.011B>-0. 023C?-6. 325E-0034%B +9. 500E -
0044%C - 8. 475E - 0034AB2(P=0. 0004,R*=0.9957)

Wi AR Y, Y, B 7 28 73 A R L 3.

MY AR ATAL IR A, C XA 52 m, 520
K/NC>AATIL, 12 h BFRUREE 5K CREHMK,
HHEZFEA,CHAZEEAER B Y, WG, HFR A,
BXJ H M B 2 2 R /IN A > B, HAS IR 8] i 22 BAE
HEZE AT &R AL B, CXTER R M5 e ZWZ B B R
R RSN BT T A B, HIR R AXT Y,

42

0 Y, Y,
FA& P FA& P
BEAY 88.13 0. 000 3 76. 61 0. 000 4
24.91 0.007 5 31.11 0.005 1
2.78 0.170 8 9. 89 0.0347
C 253.37 <0.000 1 2.27 0.206 4
AB 1.58 0.27717 24. 17 0.007 9
AC 9.82 0.0351 11.27 0.028 4
BC 0.65 0. 466 8 9.89 0.0347
A? 233.26 0.000 1 0.19 0. 688 3
B? 44. 90 0.002 6 135. 87 0. 000 3
Cc? 164. 90 0. 000 2 629. 03 <0.000 1
A’B 0.02 0. 8887 22.36 0.009 1
A*C 0.15 0.716 0 0.50 0.516 8
AB? 0.52 0.5090 40. 15 0.003 2
Y, A 5 m
2.3.3 v R AT

K H Design — Expert 8. 0. 6b 24443 H i B 1 , % [&
) = o Jov ] AT 2 ) 2 A4S 2R S5 FE bR A 6 I pR RO
FLHUEE 1A A AR R A AR R a2 I A 24>
H AR 5 R A R TR BT 53 A 24 B AR e 5 R AR
EREROINE S

F & 1A AL [ 2 PEO A J7 5% NaCl Ak J7 e AR
B Bifi 25 f2 A 48 B A BN, 12 h B ARSI FRAIG 5 [ 22
NaClAbJ5 i ANAERE, FE BhE 2 PEO A7 H 34, 12 h
SRR T 5 B — s (B, Bl A Ty A 14 KT s/ 5
i3 PEO Ak J7 e AR, 5 25 )2 NaCl A J7 &%t 12 h R
PR RE R AR L 1 B AT, FE X R 24 2 480 1Y
SZUR Y, NaCLFN PEO &b 5 f 28 Akt Hose i S48 K, 42
ACH T S A 8 B PEO 5§ NaCl &b J7 f RS, b
FHOAIE G0, B E USRI — & —
G U SR G o DRI, A A 1 44 7 — 2 1) LAY TRl
P A BB RS A B R RO B3
2.3.4 R4 B

i o A Y AUL A K w7 AT 43 B, Design — Expert
8. 0. 6b FRAFHUIT T S A TR . fie PR Ak J7 « % 25)2 PEO
AN ERF 64 mg, S 24)2 NaClLAb )5 43 A 10. 50 mg,
7 PR A B 6. 50%  AEANUEE A ST A
B I, e Ak Ty il £ 3 SRR i (54304 20161009,
20161016,20161025) , FU{E 55 SR 2 25 R W4 4,
LRI LR 2.

H i Design — Expert 8. 0. 6b 24 HE7E 1) T A8 4k 7
il £ 3 HEAE AL Y 12 h B BURE R 43 0 o 80. 14%,
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10 :

v PEO AL 754k / mg
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55 PEO ZbJ7 it / mg

(AR / % 5
450
A
ARG T % WG
10 4

7
FAHTE | % 6 55
4750

B
A 12 h R

0
PEO AL 75 / mg

B. &

AT / %

12 h RRUREE / %
10 4= - :

NaCl4b 75t / mg

(AR / %

(ARG 1 % AR
10 r

¢ NaCl4bJrhit / mg

o
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7/'5

AT / % 5

1 12 h RRBEHEFE B 455 20 = 4E 00 M [ E

A. 12 = hour cumulative release B. Fitness

Fig.1 3D and 2D contour maps of response surface of 12 — hour cumulative release and fitness

79. 14%,78. 08% , “F- 34 BB N 79. 12% ; B 24 il

x4 MNESZMELR

Tab.4 Comparison of the predicted value and the measured value

W% Fm A 52 MAR 1 £
Y, (%) 79.5300 79.1200 -0.5155
o LT 4
Y, 0.9860 0.9835 -0.2535 BiR TSR
2.4

E AR E = (MM - FAMAE) / FAMAE X 100% .

Note : Deviation = (measured value — predicted value) / predicted

value X 100%.

2.4.1

LR A BE4Y 5 0. 973 5,0.994 2,0. 982 8, SF-HI{E N
0. 983 5, SZMME 5 TS JC . 35 22 55, F2 Wz A4 o

BRI
Yo E E %

FAACAETr ] & e e, BB AR L, 2351 T
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Fig.2 12 —hour cumulative release of three batches of samples
R (60 °C) LR (92. 5% ) ARG BRI (4 500 1x) i 46
ZMFFMEL 10 d, 20545 0,5, 10 KBURE 45 A fh 1
o I R G BE R 2R R CE 10 dFRUE 5 TE AR B
92. 5% & T CE 10 dJ& , AMPEIR 2 A A0 1k, B
LA N AT e MR B X A R R RS
2 JEAS SRR AT R WS S K ol R R R A

TR WOV B TR AR
2.4.2 mERBEFK KB

B R R A0 A5 L SRR B R B AT
A4 RCER 7K 96 IR A, 28 Ay i 8 6 B A 7 i 3 B K 3
55 o B3 AR (4L 5 43 51 2R 20161009, 20161016,
20161025) , KAV /KRG )5 B IR R (40 + 2)°C.
AHXTREE A (75 + 5) %55 0F T #E AT sy, 2300 746 0,
1,3,6 H BUFE s B R (25 + 2)°C AR E R (60 +
10) %55 M TR IS, 200 F455 0, 1,3, 6 H U,
MREEHNIAEAR , HI 5 S B 4,8, 12 h i REURE,
S5O 3HUFE S AE NI A A 25 |, T 54E
PRIIFFAE , U B OBUER 7K i AR A 256 T 1 S b iR b o5 Je
B BERER R b S5 R IR S.
3 Tt
3.1 WEZERERBRRHI&ES

D) AbJ7 i S R PEO W ME i il A% o i p 22
SROFF G B2 458 1 7E 45% DA 5 R M % 22 45 R A
st Xof AR T P8 AR SRR, R R UE T 4R 1) A 7 AR A B
B8 02) R T ARIEZG i X S TR R R T IR AR T
i 80 H i , JUH R 2 AW Y I JFUR 2 SR R M JF e 2 il 5
W 25 B 1 NaCl, ST A0S J 5 i . 3) T FH ol 25 1 8k
304 A9 &1, 1 NaCl o (1 C1- X} 304 84 F A )& il 1k
FHPS 10l B R ER R M 2R e 2 AR B B R R M
Kl T 58 UG, I S7 BRI B8 BT FH ) 24 2 R AE 5
3.2 ZREZWMAEBERE

AW P AE T PR R R 2 g ALl |, SR Box -
Behnken 111 — Wi J7 [ 25 X 5 R Hb 25 T8 2 W2 B8 5
R by AT LA, ST T DL B2 B R PEO
Ab T i 25 )2 AR B ) NaCl Ak J 2 FA A 38 o 3 4>
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Tab.5 Results of accelerated and long — term tests of Difenidol

Hydrochloride Double — Layer Osmotic Pump Controlled — Release
Tablets

ShERBHRAE(%) ShERBRE(D) 12hERERE(%)

B - 2%(%)
A B 4 B A B A B

5

(h)

0161009 0+ 10050 99.10 2510 5.3 843 82 7610 7110
| 0070 9872 2590 2610 59.12 5941 76.83 7180
3o+ 9900 100.21 2652 2652 60.32  60.10 7734 7.3
6 * %32 920 2620 2620 5943 5950 7.1 7.6

0161016 0+ 9983 99.54 2623 2652 9.2 9.3 7.2 T80
| 003 920 2681 2742 6012 60.63 7831 0
oo+ %6 %7 2.3 26l 63 6Ll T2 T84
6 9910 9% 177 212 6023 60.51 WM T4
0 % 100.21 100.40  26.31 2642 60.12 60.21 7.0 WDR
1 0060 9.10 2710 2732 6L21  60.74 T84 7880
oo+ %S %7 2760 2112 6l.6l 6L4l 883 T84
6

0881 9840 W12 2682 6L12 6053 T4 TLN

20161025

E R R R FEEAGA A ik X B A KK
Note:* means no significant change. A is the accelerated test,and

B is the long —term test.

2 F AR &, DL SR FURS TR RN RS 24 it Ze 405 B A i)
NAE) =R Z W AR i TRl Ty, I B S H AR
FENE A RAUAAL 7 A5 R IR M IS JE 2 BRI 3 A
R R R AT R 0 SNBSS TRINAEL ) G, 3 I i AsE A
i T AR @ b7 Ak
3.3 RAIEMZmER

PEO Ay i 70 F Ak oK e Rk A5 g, oAk Iy
HRUZ B R R iR o] P A S R
K, B AKAAR BRI , 480 7 B, Rl U b o A A Ay
JEE B 25 SR K GE Ao 2 2 P A IR A O A TR A A
JEEIN 7K 2ok A B () I (B B4, 25 (i 2 MR Tt s [ 2
FEWOMPR 515 5 25 B B R R 25 o — B R,
MLTPAS By (1993537 F /NI, R385 i AR 2 3% 5k
KB IE I, dEFFZ R AT iR R ST e v bt
BN, TE B BIMINASLIB ) NaCl I IS 3 e 22, il
B HEB R NaCl A 7 f 2352 ma R R T o
3.4 FHiEFEM

ARG R FHRUZ B 38 R BEHOR X SR 75 e
Z AT I FRAE BT 5 I R Y R R b S
JeZ RSB E R 53808 5 R L BB A ATl
25 YNTEAR N % B, A I TR ZE 4B A R0 I 24
B IRETRE D 22 A pE oy Iy 1 TR A
S 2% 30k

[11 % 3. ZMBFRSIRELERAGHR[D]. KX



