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Development of a Sustained Release Mirabegron Tablet Formulation
Employing a Hydrophobic Polymer

Ju Ah Sim, Seh Hyon Song’
College of Pharmacy, Kyungsung University
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of T LEARE o83t mEH RS dohe A8 A AAIE Adshke Aol
2| 282 g g5 Aol AMgEe FER E5i=s pH &40, W2 pHolA &2 &= HErd
or. oEh 2o =0l it W2 SS=E HAdsk] s Rt AU IAE R 7HeE 58S B8, A
At vlet| 12 0e] Wi A8 BeiA 7M3HAIE Kolliphor® P4072 41738kl A2 Aol AM&31F
o AAE SAREEoR AzxH P27 FE 28 1EA Kollidon® SRS SR ¥, AP0 F53t0] A|x5
At 484<1 Pharmatose”, $E84%1 A-Tab®, B84l Avicel® PH-1015 HA|9] FFA & AHE3}L, o]Eo]
oFE W&o vXE YIS SEAFOE P75 Kollidon® SRO| Aol Z7184E oFE WEo] X&H9lo

 FEEA FEAIA A-Tab®9 AM8TFo] F7HRE A4 WEY A9 FEE fASH: AlZlo] S7letAT). o
WES 4AZE olF ASste A BAE Aoz A2 oE o)A SEAA &, FARIAHA=68)E AtEdto
FETEl FAMIE EQlst. & AFANE S gEE A WiE"A HAls vEi IRl RS A%
A Fdgrsdleor §8E S ALE THdEH.
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Abstract This study was conducted on a hydrophobic, polymer-containing, sustained-release (SR) tablet
containing mirabegron (MRB), which is used to treat the symptoms of overactive bladder usually in
elderly patients. The developed sustained-release formulation was designed as a hydrophobic matrix

using Kollidon®

SR. We evaluated the solubilization characteristics and compatibilities of several
surfactants, and Kolliphor® P407 was selected as the solubilizing agent. Pharmatose® 200M, A-Tab®, and
Avicel® PH-101 were used as excipients for tablets, and their effects on drug release were evaluated by
dissolution testing. MRB release from SR tablets was found to be dependent on Kollidon® SR and A-Tab®
contents. Dissolution tests were performed in water and pH 6.8 media to confirm the effect of pH
changes in dissolution media on the drug release rate of SR tablets, and similar dissolution patterns were
observed in both media as indicated by a similarity factor (£) of 68, which was calculated using
dissolution data. The study shows that the developed SR matrix tablet could be utilized as an effective

drug delivery system for the oral administration of MRB.

Keywords : Mirabegron, Sustained Release, Compatibility Test, Dissolution, Matrix Tablet, Similarity
Factor
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1. M2
v|2 12(mirabegron, MRB)}E IA  Hsg

(overactive bladder) 24 X &3H= g3-ot=ddd
84 Z8Ao]tkFig. 1). MRB W EA5t= 8
sot=Elg R 840 Adste] i BELE oA
7130 ¥R 87kE F7HAIA g R S8R At
Wi, AUtQ AT 55 SSAIXITH1]. A+ Fold MRB
9 Traves 4RO, BEE7|= oF 40A1%t0]L, &

A Fold 420 98 Fr&o] dadhe Aold9F

(food effect)o] THZHT}H2,3]. FHoAE= A2 7= 1
3 50 mgg 1¥¢ 13 Fojsk= HE7RAEA

(Betmiga®, dratoladetaz|ebo] AlgE 1 9lct.

OH

H

Fig. 1. Chemical structure of mirabegronl[1]

A4 (Sustained Release, SR) AIA Z-8=+= SR
AAS} 71e2 ooFRe] AR A9 BEdESE
ML flote] FasHA A= AcH4] SR AAlE= <
E2 =A] H=(Immediately Release, IR)5H= A|A|
A et Fek8ls 37t ogt B8 Aa, &
2 TR o5t A4 Adeli(steady state) FA]2] o]
g, @SYEEY HeE 37 52 Jidstke AR
o] A5l SR AAE} 71&2 e e 714dolu 3
ol ol =2 4 ok =Y W& 7)Ao s
diffusion Aol A|AH”]  dissolution A|o] AJAH],
erosion A28l osmotic A28, ion-exchange A|AF]
ToE FRE F glon, PRl ZHOA reservoir
A28 matrix A2 Sog FEIHE).

Matrix A|AER2 AA W] -3 5 &3 =
£ Algto] Hom, 5439 Az HHlE ol8staL,
AbE I3 A8 AlZto] F2 Aol SlojA 7t
A5 == SR AAZE 7[€oltH7]. Matrix A4 k&
I SR W& 7IAE FLsH £Fste] ARst= AAH
oz SR ®W& 7]Ho= diffusion, dissolution,
erosion®] A&E ). MatrixE F+451= SR B& 714
9] £E40j w}2} erodible, non-erodible A]AE o0& I
£511, erodible A|IARE 284 E4& AMESto] oF
29 W& A BE FA 59 FHol uE,

L o
—
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non-erodible A|AEI2 B A4 EEE AR
Sto] AA] FeiA WIL Ao WAER F=rHS.
Erodible A|A®loE erodible, swellable matrix7}
Z3E|H, non-erodible A|AH2 HEAHOZ A4
W EZA(hydrophobic matrix)7} sigE T}

A&l 9sf e ggo] Halstal ol =gk Ha}
o Fojd SR A & e 9T Y=
723971 gt YuiEA|7Hgastric emptying time), ¥
A AN g E 2/d9] Higlo]| 2fsto] erodible Al
9] OFE BE HIP WEEE Fole Bedt
4] 59 FHA W3F A9 @l non-erodible A4
< SR AAe] H8&5t= Aol 2 dijto] E 4= SItHIlL
£ AFolH= MRBE T/5k= SR AAl] AHEH EaL
7} Sl &84 TEAE 0]8%t non-erodible WHEE
Al2EE E9sto] A48t MRB &% SR A4S 7R
tazt gt

L

L

W

o

méﬂfl

2.1 M=z 3 A

MRB(99.6 % purity= Glenmark Pharmaceuticals
Ltd.(Gujarat, India)oll4, Kolliphor®? Kollidon®
SRS BASF(Ludwigshafen, Germany)olA lactose
monohydrate(Pharmatose® 200M)= DFE Pharma
(Netherlands)oIAl, microcrystalline cellulose(Avicel®
PH-101)= DuPont(USA)°llA, Anhydrous Dibasic
Calcium Phosphate(A-Tab® Innophos Inc(New

Jersey,  USA)IA,  magnesium  stearate™
FACI(Carasco GE, Italy)ollAl &g%o}l AR8-3t3t.

2.2 MRB| 23l =X
MRBO] 3t B3t cloket ARlY) 2A0]
(PH 1.2, 455, 6.8)914 A1Hatdct. Zzte] shalol shat

o] MRB £ £91513, 36 °CoflA] 24417 B9 W
slgdch. o] AAIE 12,000 rpmollA 587 YAE st

of AAAE g & 345to] HPLC(1200 Series;
Agilent, USA)E EAstgiom, fa)o] st dose
number(Dp)= Eq. (DE AFEsIITH10].

D= M/ V)] €, )
Where, My denotes the highest dose strength
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(milligrams), Cs denotes the solubility(milligrams

per milliliter), and Vo denotes 250 mL

2.3 MRB2| 7t2atH| 4173

=°| gt MRBY |98 S7M71= 7HESHAIE
A7gst7] fIsto] thfet ARSHAE W& MRBY]
7+&3t 58T} v Aot 7H8E 582
217Y0] AHLGAE 2ol &aiAA AxT 1 %(w/w)
&84S 8= Sto, T MRB 222 FYskaL o]
% /471 MRBY| &3l 73 2ol Attt Hid=
3/ A8 (compatibility test> MRBL} ZFz+o] AHE:
AAE 5 Foto 124 Tt &, THES
o|de] Y1 nRuPR WESto] 60 °CollA] 457 B
Bttt o] & EPES HPLCE 245t MRBY] 3
FHsE S4sieih

2.4 MRB SR M9 =

MRBE <F 30 #m °l5te] A7|& YEille= B2UEA,
4 58/4& et} wEks MRBY &4
#Ls FO] MRBE TRot= SR FAE
Azs17] Yot FAAEFHLE A=t MRBE
3ol SR AAIY AxTHEL 48U MRBE 7He-
SHA| 2 BgAF Eotal 205412 Al THES
Azgtt EFEC E& ViR A7Ie & Agdsta, 16
SAE AR8oto] AHS & 40 °ColA Axst Ax"
& 20542 AFste] FHet & SR TEAL} HF
o7 SRttt HF EFEF] o] 2% ] 1 %l
33Sl= magnesium stearates Y-mixer

pu = |
(ERWEKA YB5, Germany)=® Z€5}9ict. &9E2 o

2 2w

¢

—J

=
o]qu ﬂ]‘ln

=
=
o
-

LN

9 E-47|(RAON XENA-I; RAON XENA, South
Korea)olA 217 10 mm9] ¥F HA|Z epgstict. H

L& SR 1EZHKollidon® SR)7} E3HE]A] P ZA|
B4 (immediately Release, IR) ZAIE 5Lst Wi

o2 Az}t AASE MRB SR AAl= MRBEA 50
mgeS FHREHEE Axetgon, Ao LAAHE 9 v
€2 Table 13} Zt}.

2.5 MRB SR A2 =AY

A3 MRB 2t SR FAIZRH WEEH= MRBY
8ZES USP-NF 20229 &A1 28] wtet 854
&7](Vision Classic 6; Hanson dissolution tester,
USAYE ol&ste 7ottt 8&A189 Wd2 &3t
pH 6.8 £&HS AREsl¥ o, WHE £ 5= 200 rpm,
4% WA 32 900 ml, 2%+ 37+0.5 °C oA
270% < 8EES Bkt 8EA1E A= &5
dE AFHstd PVDF A& 0.45 mcm syringe
filterMillipore, USA)Z j#3t & HPLCE &4/5H%A
ot 8EAY AA149] MRBY 8&E2 EEES
B3 AL B9 AEster, A-8EEY I
s Agstrk

o]

2.6 SAEAM
Sl Al 2 e A Al A A4 59
Lo Microsoft Office® Excel 2016(version

16.0.5278.1000, Microsoft, CA, USA)Z o]&3}o]
Student’s t-testZ AXBIH oW p Fro] 0.05 1wl
A% BAFoZ foj4o] ATt 7SR

Table 1. Compositions of various sustained release formulations

Contents(mg)
Function Ingredients R SR

SR-1 SR-2 SR-3 SR-4
Active ingredient MRB 50.0 50.0 50.0 50.0 50.0
Solubilizing agent Kolliphor® P407 50.0 50.0 50.0 50.0 50.0

Filler Avicel® PH-101 80.0 40.0 40.0 40.0 -

Pharmatose® 200M 80.0 40.0 40.0 - -
A-Tab® - - - 40.0 80.0
SR polymer Kollidon® SR - 80.0 100.0 100.0 100.0
Lubricant Magnesium stearate 2.6 2.6 2.8 2.8 2.8

Abbreviations: IR, immediately release; SR, sustained release; MRB, mirabegron
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3. a
3.1 MRB2| &3l

MRBE pKa 7} 4.5, 8.0 Q1 SFEEA] Thefgt ujdo
A BEAH oA Gl E BUI6IIS W, pH 1.2 )
pH 4.5 ) pH 6.8 ) & o AR 837t Fasiqitt
(Table 2). Dose number(Dy)+ FEFEISH UAMA|
F Al BojEl= E9] K250 mL)S sk, 250 mL
9] ujd FoA 9 okE FHF-EH(mg)ol gt wie]
A19] 83l 9] Bl &EA] Eq. (1)T} Zo] Yehdrh FDAS]
MEAsH EFAAI(Biopharmaceutics Classification
System, BCS)ell w2t kg9 1588 (mg)S |-
E(mg/mDE Ui gl 250 mL ot FAY Z& o
STt =& FER 5ok, ol Dy #fo] 12 &
A 22 A2 9ugtH11]. MRBE= F15F0-850]
50 mgP|E=Z Iy &l pH 1.2, pH 4.5, pH 6.8 2181l
EoA ZZF 0.02, 0.02, 0.07, 2.00°]%c}. wehkA
MRBE A18E & % pH 1.2, pH 4.5, pH 6.894%&
BT}t =2 EolA|G, EoAE 8ot w2 <k

=95 Felstt

Table 2. Solubility and dose number of MRB in
various aqueous media

Media Solubility(Cs, mg/ml) D
pH 1.2 12.03£0.83 0.02
pH 4.5 10.22+0.40 0.02
pH 6.8 2.67£0.03 0.07
Water 0.10+0.01 2.00

3.2 MRBO| 7tEstA| 4F

Non-erodible A|AEIS] SR HAl= A|AQ] Fej7}
A== 54800 7IQlste 7] okg UEE a4 |
EgA(hydrophobic matrix) EHOA A A3} H&
3t oREo] o= o] o]FojR|H, A7) S5O whe} |
EGA YHE A Ho] HFsta, oA AFA|Ho
&€ oFEo| WiEYA QEE FHilsto] ofFo] WEE
tHFig. 2). TEhA, ok W&ol 1 AlZFeSt A&E7
ol e HEE JFS Aol e w2 &
£ Yehli= Zo] d4Folrh

23\ Al Ao 29, MRBS pH &9 &
g UEH, &2 AQst BAHA STt =
2 okgolth. Af MEHARRE Q] oFF WEo] A
ShER] QI E Eof st MRBY W2 &9|=E 7f4A]
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7= 7HEEHAIE A3 Ydsiginh. TRt ARSEAE
o2 MRBY 7H3} 58 H7I%t A, Table 3
3} Zo] AlEE BE AHSAE Eoie A EE
et 9loH, HLB(Hydrophile-Lipophile Balance)
value®} 5343 & 23E Uetdrh SR AAl &
£ ARLZAE A7) floto] FLe AHEEA
=2 W E 482 MRBIY] aigdaddE A1dst
Fom, A@AT: Table 49 2t 2 2= MRB
EEEZ 60 °CollA] 4573 Bt & SFAI SIS o,
OF 4 %9 FFdArt BEEIe™, MRBS ZH2+9] A
WA S S35t S3HE % Kolliphor® P407<S A€
gt U] ARG EFEL g2 oiH 94
g At TEE AT A AES 9ekEe Al
AEA oA 98] BFeekg-Z ZEHE A5t

go] £AIRE A1TT 2N Hl2A] Felsks AlE
oleH13]. MRS A% 2THE E8) 24520 MRB

7} 4528514 9= Kolliphor® P407& SR AAY
7HesHA= Aokt

3.3 MRB SR EH|2| of= W&

MRBE Fofgt Sl /H BRI Ao 5T 12l
slo] £04 MELAS FHSE W2 22 1A

Kollidon® SRZ MRB SR AA9] Azo] A&sIch
Kollidon® SRS Z2tAg WEZYAS FAsl= Zo=
A glow, sietEoz HhgAo] W, kB g
3h= 5Eo] slo] oRR o] Alo] W&o Wol o]gH
tH14l. 53], 24180 o3 g 54, A 4
59 9 o] 2% 53 22 shy 8ol ¥stoto
A EYARRE ko] HiEo| [y} 450 2}
ol2 Y= A9, Kollidon® SRS FE|7} ¥W3}slA]
A2 A MEYA P4 5o HEHAZRE ] oF
E e £5E fAske Ao2 BT QIo15]
Table 19 w2} A2E MRB &5 FA12] pH 6.8 &
ENH A 8EAE AIE Fig. 33 2ot SA] HE4
AARA R FA= 82704 15800 85 % ol/d<] ulE oF
B &2 Yehfigler, WE 28 1249 Kollidon®
SRO] AR utet oFE W& 4=rt HSslgth SR-1
2 G0 oHjo]l 90 % olo] &&EoH, §&IY
A9 B3 Egt 60% o]0l LEE|o] EEAE /W
A TEZA] FEi2 Beld 4 itk Kollidon® SR
o] ArgFo] F71d SR-2+= &E7/MAIE 90E7HA] mlE
A7t FEENoY 1208005 Bt S=EIoH,
12080049] &&E2 & 95 %S UEHUH

ATCE
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Fig. 2. Image showing drug release from the matrix tablets[12]
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Table 3. Solubility MRB in various surfactant solution(l % w/w)

Erodible matrix
(size reduction)

Sample Media HLB value Solubility(Cs, mg/ml) p-value
Control Water(no surfactant) - 0.10+0.01 -
Surfactant Sorbitan monostearate 60 4.7 1.00£0.11 0.001

Polyoxyl 32 stearate 12.0 0.22+0.04 0.009
Polyoxyl 35 castor oil 12.0-14.0 0.31+0.06 0.003
Polysorbate 80 15.0 0.19+0.05 0.043
Polysorbate 20 16.7 1.38+0.05 <0.001
Kolliphor® P407 18.0-23.0 0.22+0.04 0.004
Kolliphor® P188 {24.0 0.20+0.04 0.010

Abbreviations: MRB, mirabegron; HLB, hydrophile-lipophile balance

Table 4. Results of compatibility test in 60 °C, 4 weeks about MRB with various surfactants

Sample Mixture Content(%s, mean=+SD) p-value
Control MRB(no surfactant) 95.90+£0.93 -
Surfactant MRB+sorbitan monostearate 60 28.68+5.05 <0.001
MRB+polyoxyl 32 stearate 86.19+£2.02 0.003
MRB+polyoxyl 35 castor oil 69.26+4.12 0.001
MRB+polysorbate 80 42.67+4.62 <0.001
MRB+polysorbate 20 1.56+0.34 <0.001
MRB+Kolliphor® P407 95.63+0.93 0.785
MRB+Kolliphor® P188 90.01+1.68 0.012
Abbreviation: MRB, mirabegron
10 wEeiag] BoAZES Z7HN71T okEe] W
s | E #A2APP] #sted KA 5 84 FEAY
S Pharmatose® 200M& 2584 £3AQl A-Tab®2.
£ 2 wWAste] A% SR-3S BBAFAAS W, 824
Zw Y FRAI HELA Feirt BEE0H, 1808 A
2 20 HolA 85 %olde] §2ES Uersict.
‘ ‘ ‘ ; Kollidon® SRS] Argeo] L3t A9l SR-13}
® 60 120 180 240 SR-2Z ®|wd uj, SR-12 BPA|2A Pharmatose®

Time(min)

Fig. 3. Dissolution profiles of MRB from different SR
tablets in pH 6.8 media. Each value represents
the mean * standard deviation(n = 6).

200M°] SR-2%& A-Tab®0] AREEYrh SR-19] A%
o Kollidon® SRo] AF&E| L% [R¥} Zo] HfE &

2 yepd AL 584 EFAA Pharmatose®
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200Mo] wfido] &sf=lo] WEZ A 20| 7153 E]
olof ojsf wkE WEG A0 Ado] Uehd ZoE A
ZFglth, Pharmatose® 200MS E£4-84 HEFAQ
A-Tab®2 W73t} A3 SR-2%= SR-10] B3] H4]
@Aifo]l AEo] WEZATL 71 AZFEQt (AH T,
SR-1 ¥l ek& W&ol A&E= A9E YRt
SR WEZAY A xo] ARGEE 84 A= &
ZTYol A wido] s Qﬁﬂﬂ‘ﬂ ”HEE/\ ol o574
AdS FAsto] Y HE SEE VK= BAE
UepdcH16]. o3t aik= erodlbleJ—]- non-erodible
AAE REROA ERIEH, B3] A4 MEZ Ao A=
EYA YR ujdE FRAA HEHA YR oFE
9] &ofet W& EXIETH17]. ot 2 B84
H3A= SR AARIA WESA FHE FASHH, o=
e S8 AAAI7)7] 93 5RO 29] Algo] Haly]
SAtH18,19]. E3t, SR-30f A& Avicel® PH-101
"41 A5to] A-Tab®2 AM&3E SR-4%= 85 %olAt9] &
EFES YEE Aol 270802 Z7sth. SR-49
H|5] SR-3S B2 F5sto] o5k Avicel® PH-101
2 Qo) WELA] Ay} 54 Frt Fasto]
THEZ A H2]o] F7E Ao E AHZAHET20]. ol &
57| ol 8= FEAI-NA SR FAE AFHsto] SR
A1) wiEH A9 FEiE H| W5l W, Fig. 49+ 2ol
SR-32 SR-4 tiu] AgH 37|18 YElH AT
4A7F old9] oFE WES A&t SR-4°] Histe]
&) itk 855 HI K55 ERIsk] fIstod
EEAS 28 At EEAIFIth SR-40] Higt
2|49 oFE HE2 Fig. 59 70| 4417t ojAfo] X%
=olom, 2708 AlFoA 9F 87 %Y &&ES UEh
Aot F EEoA F2lH SR-49] EEYAl st
FAHEEZ FRlsh] ste] FARIAKSimilarity Factor,

i

'ﬂiIO K

AE AEseT. SARIAE A7) tet 58S B
Zsto] Belgl §2uT/§E T4 RS B ]

2ol oz sl oz Fhe xYsle] %
v, §3, QL 5 WAL FEHH by del A
853 Itk UKo AFH AARIAT S0l
1004}0]9] $218 AW 5 §EPGL Ak Ao=
S, AL 845 % 85 349 Aol
B715H21,22). 2 OIS § a8 Uil

E5 AR A)E 6801900, T §&dofA o] 85
Ry 9 Alst Aoz FolE| Q)
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Fig. 4. Macroscopic picture of SR-3(left) and SR-4(right)
at 270 minute during dissolution test. SR-4
tablet maintained the initial shape for 4.5 h,
but SR-3 tablet was surface-eroded at 4.5 h.
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120 180 240
Time(min)
5. Dissolution profiles of MRB from SR-4 tablet
in pH 6.8 media and water. Each value

represents the mean + standard deviation(n = 6).
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