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Application of Polyethylene Oxide in Mirabegron Extended-Release Tablets

WANG Ruyi, DU Zhiyong, XIONG Feng, CAI Yingjun, HUANG Liuang, GAO Hao, XIA Tingting( Pharma Solu-
tion, Danisco Biotech (Shanghai) Limited Company, Shanghai 200335, China)

ABSTRACT: OBJECTIVE To investigate the impact of polyethylene oxide (PEO, POLYOX™ ) , penetration additives, and buty-
lated hydroxytoluene ( BHT) on tablet properties and drug release of mirabegron extended release (ER) tablets and provide some ideas
of formulating polyethylene oxide based ER tablets for the formulators. METHODS  Single-factor-experiment was applied to investi-
gate the impact of formulation components on drug release of mirabegron ER tablets. Different molecular weight (MW ) , series of parti-
cle size and use level of polyethylene oxide, three types of penetration additives (PEG 8000, PEG 4000 and lactose) and several use
levels of butylated hydroxytoluene ( BHT) were investigated. RESULTS  Mirabegron ER tablets formulated with polyethylene oxide
WSR N60K at 28% use level got statistically equivalent drug release with marketed mirabegron ER tablets. Higher MW and higher use
level of polyethylene oxide led to slower drug release, while lower MW and lower use level led to faster drug release. Particle size of
polyethylene oxide WSR N60K did not significantly affect mirabegron drug release. The tablets using either polyethylene glycol
(PEG 8000 or 4000) or lactose as penetration additives could achieve equivalent drug release as marketed mirabegron ER tablets. The
blend of polyethylene oxide WSR 301 and N12K at ratio of 35: 65 has the same viscosity with polyethylene oxide WSR N60K and led to
statistically similar drug release. CONCLUSION Formulation of polyethylene oxide based mirabegron ER tablets are robust.
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Tab.1 Concentration of polyethylene oxide and test parameters

for viscosity determination

Polyethylene P Speed Read time
Spindle
oxide /kg + L1 /r + min ~! /min
WSR NI2K 0.02 1 10 1
WSR N60K 0.02 3 10 1
WSR 301 0.01 2 2 5
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Tab.2 Formulations with different use level of polyethylene ox-
ide WSR N60K. mg

Ingredient F1 F2 F3
Mirabegron 50.0 50.0 50.0
Polyethylene oxide WSR N60K 50 - -
Polyethylene oxide WSR N60K - 70.0 -
Polyethylene oxide WSR N60K - - 90
PEG8000 139.6 119.6 99.6
HPC EXF 7.5 7.5 7.5
BHT 0.4 0.4 0.4
Mg stearate 2.0 2.0 2.0
Aerosil ® 200 0.5 0.5 0.5
Total 250.0 250.0 250.0

- - .
Note: — —not added.
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Tab.3 Formulations with different penetration additives. mg

Ingredient PEG4000 PEG8000 Lactose
Mirabegron 50.0 50.0 50.0
Polyethylene oxide WSR N60K 70.0 70.0 70.0
PEG4000 119.6 - -
PEG8000 - 119.6 -
Lactose - - 119.6
HPC EXF 7.5 7.5 7.5
BHT 0.4 0.4 0.4
Mg stearate 2.0 2.0 2.0
Aerosil ® 200 0.5 0.5 0.5
Total 250.0 250.0 250.0

AR /) 8
Note: — —not added.
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Tab.4 Formulations with different grade of polyethylene ox-

ide. mg

Ingredient NI2K N60K 301 Blend(NI12K-301)
Mirabegron 50.0 50.0 50.0 50.0
Polyethylene oxide WSR N12K 70.0 - - 45.5
Polyethylene oxide WSR N60K - 70.0 - -
Polyethylene oxide WSR 301 - - 70.0 24.5
PEG8000 119.6 119.6 119.6 119.6
HPC EXF 7.5 7.5 7.5 7.5
BHT 0.4 0.4 0.4 0.4
Mg stearate 2.0 2.0 2.0 2.0
Aerosil ® 200 0.5 0.5 0.5 0.5
Total 250.0 250.0 250.0 250.0
- - L.
Note; — —not added.
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Tab.5 Formulation with different use level of BHT and prepa-

ration methods. mg

BHT content/%

Ingredient
0.16 0.048 0
Mirabegron 50.0 50.0 50.0
Polyethylene oxide WSR N60K 70.0 70.0 70.0
PEG8000 119.6 119.9 120.0
HPC EXF 7.5 7.5 7.5
BHT 0.4 0.12 0.0
Mg stearate 2.0 2.0 2.0
Aerosil ® 200 0.5 0.5 0.5
Total 250.0 250.0 250.0
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Tab. 6 Viscosity and particle size of polyethylene oxide

Viscosity D10 D50 D90

Materials
/mPa - s(p/kg - L=')  /pm  /pum /pm
Polyethylene oxide WSR 301 3120(0.01) 37.8 157 406
Polyethylene oxide WSR N12K 584(0.02) 47 176 405
Polyethylene oxide WSR N60K 2 750(0.02) 44 155 378
301-N12K(35:65) 2 710(0.02) 38.7 142 382

3.2 REATHNTE A st

B R R A LI E , R IR AR RO 1R Ay ik
L, 3 7o IWRRIEEFIR I A 7T DL BT A 2R
HOIEY RA B i st
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Tab.7 Density, Carr index and angle of repose of polyethylene

oxide

Bulk density Tapped density  Carr Angle of

Materials

/mg +mL~" /mg+mL~"  index repose/
Polyethylene oxide WSR 301 0. 466 0.549 15.2 41.8
Polyethylene oxide WSR N12K 0.451 0.528 14.6 41.0
Polyethylene oxide WSR N60K 0.442 0.533 17.1 40.3
301-N12K(35:65) 0.441 0.53 16.8 40.8
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Fig.1 DSC heating curves of mirabegron, mirabegron-F2 and mirabegron-marketed tablets

3.4 REAT N N6OK Jf £ X1 VE i B i % v
KA LN N6OK Fl 2y 28% I il 153 (19 A3l 5
RLD 7i 4 B/ i 2 HA AL B (f; > 50)

- 924 -

Chin Pharm J, 2024 May, Vol. 59 No. 10

(K2,3%8) . MRALM N6OK HIH Ty 20% i, K
7 DT BRI Al DR, FH 40 36% I, R A7 DL e B it
JE i1

HhE 227705 2024 4E 5 55 59 5 10 4



D rcsein i 3.4 TRIR I F A M A0 B
90 i o >3 Y VR
20 / %/5 AW BT R Y 3 Fh AL 2 & 57 PEG4000,
4 2 [ o ZH
s v PEG8000 F1Z[ ¥ il 75 1 v F) ¥ HA 5 RLD HATHH
g 601 -
2 22
. ILHIFERUE (£, >50) (13,%9).
o0 i /4
g 40 4 ,/é ——20%
30 o
20 C a” ——28% 100~ Drug release in pH 6.8 —
0] 7 ~8--36% o v
0 T T T T T 1 ,’/?
0 2 4 6 8 10 12 g 707 Sy
t/h z 60 ol
b /
1005 Drug release in water g Zg: 7 “ —«—RLD
209 - - S E 7 —a— PEGA4000
507 > e 307 —»— PEG8000
. 704 - E'// 20 --e--Lactose
2 0 W 10 g2
] - A R D
g 407 /’F'/ KD (/h
A 30+ /’ 2% 1005, Drug release in water
20| el —e—28% 90 -|
¥
10| /,(" --8--36% 80
0 T : : | T | s 709
0 2 4 6 8 10 12 3 604
<
t/h tﬂ; 50
. D 404 —e—RLD
100 Drug release in pH 4.5 g w0l PEGA4000
90 7 JEPSEE— - 2o —e— PEG8000
- --=-- Lactose
80 /L 104
70| o 08
g o 0 2 4 6 8 10 12
4 - t/h
2 50 » )
ol o s+ RLD 100 Drug releasein pH 4.5 4 ——
P 404 % P - S
8 304 -~ —a—20% 7
(- Y
20 /o —e—28% 80
< b %
0 9 7
0 2 4 6 8 10 12 e o —e—RLD
t/h 2 40 o —a— PEG4000
a s —e— PEG8000
00 Drug release in pH 1.2 204 "/' --e-- Lactose
il -
B et . = 4
i “ 0 : ; ; ; ‘ ‘
80 e 0 2 4 6 8 10 12
. 704 el t/h
% 60 ,/é 100+ Drug release in pH 1.2 _
< ’
= 50 L 90 w =
2 g
% 404 ’ —s—RLD 80 p A
8 304 —a—20% o 707 .
20 & —e—28% g 60 B
3
10 --8--36% B 504 /
0 : ; ; ; ‘ , g oy 7 LD
0 2 4 6 8 10 12 8 304 )/ —=— PEG4000
tit 201 8 I e
= = = N > NN IR o l
B2 FFEEERATH NOK 45 5 7l E 4 FhE A w7k '2
T ‘ ‘ ‘ ‘ ‘
W, n=4,xts 0 2 4 ’(/sh 8 10 12
Fig.2 Drug release from tablets with different use level of poly- 3 FERBEANEEEFWENE. n=d,5xxs
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Tab.8 Similarity factors (f,) between lab prepared tablets with po- 9 ARIRBERMBIEHAIG RLD 75 i iy &b DU T
Iyethylene oxide WSR NGOK and RID Tab.9 Similarity factors (f;) between lab prepared tablets and RLD
Dissoluti " 20% 5% 6% Dissolution medium PEG4000 PEG8000 Lactose
1ssolution medium ‘0 ‘0 0

pH 6.8 43.7 78.2 46.4 pH 6.8 66.3 78.2 3.2

Water 56.0 63.8 40.2 Water 54.0 63.8 50. 8

pH4.5 42.0 90.2 45.7 pH 4.5 66.9 90.2 65.8

pH 1.2 48.2 90. 4 54.4 pH 1.2 64.7 90. 4 55.8
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Fig. 4 Drug release from tablets with polyethylene oxide of different
molecular weight. n=4,x+s
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Tab. 10  Similarity factors (f;) between lab prepared tablets
and RLD
Dissolution medium ~ N12K N60K 301 Blend (301-N12K)
pH 6.8 42.0 78.2 27.8 72.3
Water 41.1 63.8 26.0 67.4
pH 4.5 40.5 90.2 37.4 59.2
pH 1.2 49.2 90. 4 41.9 76.8
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Fig. 5 Drug release from tablets with polyethylene oxide N6OK

of different particle size. n=4,x +s
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R LFiokE L K2 RA L N6OK #1577
H oy & A LE T
Tab. 11  Similarity factors (f,) between sieved and unsieved

polyethylene oxide based tablets

Dissolution Particle size/pum
medium <75 75-125 125-180 >180
pH 6.8 84.4 75.17 61.9 55.9
Water 71.0 80. 1 69.8 76.8
pH 4.5 83.5 72.6 51.5 68.5
pH 1.2 68.2 70.8 56.7 59.2
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2 2000+
8 1800
- 1600
1400+
1200+
1 000~
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Particle size
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Fig. 6  Viscosity of sieved and unsieved polyethylene oxide
N60K
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