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Optimization of pramipexole hydrochloride sustained-release tablets using

Box-Behnken design and mechanism of in vitro drug release
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!School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing 210009;
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Abstract The formulations of pramipexole hydrochloride sustained-release tablets were screened by single factor
test and optimized by Box-Behnken design. The effects of the viscosity and content of hydroxypropyl methyl cellu-
lose, as well as the insoluble sustained-release material combined with HPMC K100M on the in wvitro release
behavior were investigated. After single factor screening, a three-factor, three-level Box-Behnken design was used
for optimization using the contents of HPMC K100, Eudragit RSPO and Eudragit L.100 as independent variables,
and the cumulative release at different time as responses. The optimal range of the three-factor optimized by Box-
Behnken design, one of the optimized formulations was achieved with HPMC K100M of 101. 5 mg, Eudragit RSPO
of 98 mg, and Eudragit .100 of 13. 7 mg, and the observed responses of the optimized formulation were very close
to the predicted values. The in vitro drug release mechanism of the tablet was studied by drug released model fit-
ted with different equations. The results explained that Eudragit RSPO promoted the release of the pramipexole
hydrochloride, while Eudragit 100 blocked the release, and there was an antagonism between them. In conclu-
sion, the drug release behavior of optimized formulations prepared by Eudragit RSPO/L100 was stable, less pH-

dependent, which improved the drug bioavailability in vivo.
Key words pramipexole hydrochloride; sustained-release; Eudragit RSPO/L100; Box-Behnken design; in wvitro

release mechanism
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Figure 1  Effect of the viscosity of HPMC on in witro pramipexole

hydrochloride release (x +s,n=3)
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Figure 2 Effect of the weight ratio of HPMC K100M on in vitro
pramipexole hydrochloride release (% =s,n=3)
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Effect of the weight ratio of EC on in wvitro pramipexole

hydrochloride release (x +s,n=3)
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Figure 4 Effect of the weight ratio of HPMC K100M to Eudragit RSPO
on in vitro pramipexole hydrochloride release (x +s,n=3)
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Effect of the weight ratio of Eudragit L100 on in witro

pramipexole hydrochloride release(x +s,n =3)
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Figure 6 Effect of the weight ratio of Eudragit L100 in combination
with HPMC K100 (40% ) and Eudragit RSPO (30% ) on in witro

pramipexole hydrochloride release(x +s,n=3)
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Table 1 Levels and code of variables chosen for Box-Behnken design

of pramipexole hydrochloride

Levels
Independent variables
-1 0 1
X, :w(HPMC K100M) 10% 25% 40%
X, :w( Eudragit RSPO) 25% 30% 35%
X; :w( Eudragit 1L100) 1% 3% 5%

KHERETEIE,4,9,16 24 h 1y RBUREHCRR
W 5R 20% ~40% 40% ~60% .60% ~80% A
T 90% o LA Ab 5 %of bz BF ] A 1) 8 e 5 S5 Al
SRR 22 (48 X (B AT 275 VAT, & I [A]
RIACE 7R 1,850 FH Q) AKX .
Q=10,-331+10Q, =501 +1Q,, =701 +1Q,, =901,
LREVEIME R INE i ATy  BRAE A
2.5.2 AL ZE AN L HPMC K100M | Eud-
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Table 2 Box-Behnken design and release of pramipexole hydrochloride from different formulations(n =3)
Factors Responses
o X, X, X, 0./% 0,/% 01/% 02/ %
F1 -1 -1 0 41.63 59. 66 77.79 91.72
F2 1 -1 0 35.01 55.62 74.96 89.47
F3 -1 1 0 44. 86 63.26 81.91 100. 38
F4 1 1 0 35.83 54.76 73.41 88. 19
F5 -1 0 -1 54.95 76. 82 94.31 103.53
F6 1 0 -1 43.97 68. 03 89. 04 102. 58
F7 -1 0 1 41.91 62. 69 86. 08 106. 79
F8 1 0 1 27.63 44. 49 64. 48 81.56
F9 0 -1 -1 42.78 65. 31 85.42 98. 45
F10 0 1 -1 45.74 71.58 91. 60 103.92
F11 0 -1 1 32.61 51.56 72.04 89.55
F12 0 1 1 30.91 48.19 66. 77 84.46
F13 0 0 0 36.51 57.05 77.18 94.16
F14 0 0 0 38.30 59.10 78. 81 94.58
F15 0 0 0 36.75 57. 14 77. 68 93. 84
AR () B, “RETABEM Ny iRiE 2.5.3 &pasd BET. P4 h F9 h,

PG RIRL, &R

Q,=10.824 11 —0.711 954X, +3.034 08X, —
1.920 63X, —0.008 033 33X,X, —0.027 5X,X, -
0.116 5X,X, + 0.013 891X,”> - 0.0391 83X,” +
0.450 73X,*(r* =0.974 6,P =0.001 8)

Q, = —9.107 72 -0. 138 07X, +5. 178 67X, —
0. 044 583X, —0.014 867X,X, - 0.078 417X,X, —
0.241X,X, +0.009 798 15X,> - 0.065 717X,” +
0.759 90X,”(r* =0.972 3,P =0.002 2)

Q. = —37.123 5 +0.251 64X, +7.889 25X, +
1.906 46X, - 0.018 9X,X, - 0.136 08X, X, -
0. 286 25X,X, +0.008 105 56X, - 0. 107 85X,> +
0. 940 94X,”(r* =0.966 2,P =0.003 6)

Q,, = —60.542 82 +0.955 09X, +9.342 33X, +
5.538 33X, - 0.033 133X,X, - 0.202 33X,X, -
0.264X,X, + 0.006 148 15X, - 0.125 47X, +
0.759 58X, (r* =0.953 0,P =0.007 9)
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Response surface plots showing the effects of contents of HPMC K100M ( X, ), Eudragit RSPO (X, ) and EudragitL.100 ( X5 ) on

pramipexole hydrochloride release at 4 h (A-C) and 16 h ( D-F) ,respectively

Xof TR 45 SR AT I UE , TSR DG DX T B — i
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Table 3 Predicted and observed responses of the optimized formulation
of pramipexole hydrochloride (n =3)

Cumulative release/%
Sample batch

4 9 16 24 h f2
1 3311  52.57 71.62  88.35 92
2 32.62 51.23 70.59 86.17 80
3 32.42  51.69 71.85 89.02 93
Predicted value 33.00 52.60 72.96 90

2.6 FHHHUH
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FARRME I 8.7 . Upadrashta 25y 5 E A 48 14t
LR T, Ko T b R 9 - st AR Y 25 45 7k
o, SR HH— IR, BB P AR (Y =kt +
K +kyr® +kyr) o HLAT kR VA R SRR G
ARG WLk Ky SRR 56k, 54L Fick 47
HA 7, H Diffusion-Erosion J5 #2544 H 45 501,
ky >k >k, >kyo A D B 246 S 43 3k R 5 B e
RIEZEH LAY RO 2R, 2000 il T B 8 it
BRI, AR AR SE B HE DR P RS B
120 ¢
100 ¢
80t
60
401
201

0

Cumulative release/%

0 2 4 6 8 10 12 14 16 18 20 22 24
t/h

—m—Optimized formulation ;— & —Commercial product Mirapex ER

Figure 8 Dissolution profiles of pramipexole hydrochloride for the opti-

mized formulation and the commercial product ( Mirapex ER) in a dis-

solution medium at pH 6.8 (x £s,n=6)
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Table 4 Kinetic release equations of different models for the optimized formulation of pramipexole hydrochloride

Model Fitting equation

Correlation index

Zero order model

First order model

Higuchi model
Hixon-Crowell Model
Ritger-pappas model
Diffusion-relaxation model
Diffusion-erosion model

M,/M, =3.4101 +12. 830

1g(100 =M, /M, ) =0.035t +1.978

M,/M, =17.710:% —18. 480

(100 =M,/M_ )" =0. 0881 +4. 437

lgM,/M,, =0.5131gs +1.228

M,/M, =16.127:"* +0.383;

M,/M, =17.832:% —0.922¢ +0. 097/ —0. 002>

0.938 7
0.988 3
0.998 9
0.999 1
0.997 6
0.999 5
0.999 8

3 3 i

IR B SR rp BRI, R T 1L
B, 25438 1 B e 25 A B 5 LB 5 A G,
HERERM BRI R RS . I, KB A
20 HPMC (1785 B RN FH S0 /K I R B s e R B
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B, D88 TS A SR L B BRI (T 25
TSI B R, H T L3R 4ER (EC) &
TR B B A RSB A, S B3 )G
IR e 420 NIRIRI I Rl 3 A5 T i 48
ZERA L, Eudragit RSPO 7E7K R, R A 2%
LM, B — i MR RS B v, AT R AR
0.1 ~0.6 wm FJfLIE, 259 o] o FLIE Y HOR
o Wi PEALAC R B Eudragit L100 ] J& 1 R 4,
£ pH KT 6 Bk A I 50845 G G 3 i, ol
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