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Development of a novel combination tablet containing silodosin and
solifenacin succinate for the treatment of urination disorder
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Department of Pharmaceutical Engineering, Gyeongnam National University of Science and Technology
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Abstract This study was undertaken to develop a new combination tablet containing silodosin and
solifenacin succinate for treating urination disorders, for which a simultaneous analytical method of
silodosin and solifenacin succinate was established. The aqueous solubility of silodosin and solifenacin
succinate was determined to be higher than 1 mg/ml in various buffers, and dissolution of the silodosin
and solifenacin succinate commercial products was accomplished within 30 minutes. The
drug-excipients compatibility test was subsequently evaluated using differential scanning calorimetry.
Excipients without compatibility were selected, and various combination formulations were prepared
applying the wet granulation method. Of these, the formulation comprising silodosin, solifenacin
succinate, lactose hydrate, MCC PH101, sodium lauryl sulfate (SLS), Povidone K30, crospovidone and
magnesium stearate, having a weight ratio of 8/10/56/112/2/6/6/2, respectively, showed equivalence
comparative to the dissolution achieved with the commercial products of silodosin (Thrupas tab) and
solifenacin succinate (Vesicare tab). Thus, we propose that compared to the currently available
commercial products, this novel combination tablet containing silodosin and solifenacin succinate is an
effective alternative for the treatment of urination disorders.

Keywords : Silodosin, Solifenacin succinate, Combination tablet, Formulation development, Dissolution
test
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A 9=, EFH2AH(Thrupas tab) (FA), HIAl
Aol (Vesicare tab) (ElotAdEtA)S  3hu|kE
(Hwasung, South Korea)ollA A& %o} AR5t
oj9o& nAZIEZ QA PHI01, 49, AFEH-EA
HolE, RH|E K-30, AE2AMHE, AgofgiAtnay|
42 3H|9R=(Hwasung, South Korea)ollAl S5t
ONEYEY H o2 d4dsZ(Siheung, South
Korea)°1 A Fofsto] AREsllom 718k AleF W g
T Al A ARESHRITH

HPLC B4 AHl= Agilent 1260 Infinity HPLC
system(Agilent Technologies, Santa Clara, CA, USA)S
AEl5t31 9™, Chemstation software, G1311C 1260
Quat Pump, G1314 1260 VWD AZ&7|S A+8319ch
AZ} A GFADSC Q20, TA Instruments: New
Castle, Delaware, USA)E AMESIROH, EAIE =
CHEAEAKSeoul, South Korea)?] ¥ RC-8DSE
Argste] gt AR AHEIEH)CE AIEst
At A AFRE 75 mm AFHEAE ARESHA
KTP-12N Teg7|(Korea Medi;
Korea)& ol-8sto] st

Daegu, South

22 A7 W

AR ST SAAAE TR
Atel] Slsle] QA SR 418900 54
HAE HPLC BHZACNA S5t F 7 of2o] 83
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A olgslo] Bk 5 A 2AS A8l 4
IYHOR Tl AAS AT T BEYY AokE &
QIsioic. HEAE A AE 7T AR gl
SA] AET} Hl8E M-S AgslirkFig. 1),
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Method of Drug
Analysis: solubility test Comparative
dissolution Test:
Estabilish a Ir
Silodosin and Formulation Commercial
Solifgnacin deveI:p‘jnznt product vsAFinaI
succinate formulation
simultaneous
analytical method @ (1) Paddle, 50rpm
using a HPLC Drug/Excipients
system compatibility (2) Water & pH 1.2
test

A novel combination tablet containing silodosin and selifenacin succinate:
(1) 0 < Difference facter(f) < 15
(2) 50 < Similarity factor(f) < 100

Fig. 1. Test plan.
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-C18(Agilent Technologies, Santa Clara, CA, USA)
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7S] 111 EES RHEo] AR A EAR 2%
ZojA GBS EHotal, 1.1 BEQ] AR FAF &
T curve’FolA oFEQl AAF FAF EF curve®} H|I
S o peakd] B4, o5 Ei= 4, AET Y W3} 5O
Aot & E470] w3 d(compatability)oll &A1
7} Aokl A &sh= Al o|tH8]. AR} AL FFA
(DSC Q20, TA Instruments; New Castle, Delaware,
USAE AREst] HE oF 5 mgs 450l el ¥
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3. gat ¥ nF AQAT AL A2EAlol AL ‘mIaHzd =
25.41 x 5=(ug/ml + 3.01, R* = 0.99970]9)0H, &
3.1 248 3ol ZEAl ARG A T3 HE = 1460 x 5=

HPLCE o]&sto] AZTAld} &euuil 414
o] BAl AH 71t EHZRAES St

025

nce (Abs.)

Absorbance (Abs.)

Absorba

005

250 300

Wavelength (um) Wavelength (un)

Fig. 2. UV scan analysis: (A), silodosin (B), solifenacin
succinate.

SAAFA Y] 49 223 nm?
Al HFE 95t HPLCY] B4
Frh(Fig. 2).

AR AT Sl A4

W 9hgE HEYUIL ol

pd A3

100 pg/ml
2LAR oF
3 min®| FZL{A
AlZEE et o H(Fig. 3), o) AEEA19) o2t
13089, &=|#UHAl A4 Y] o] 24 14110,
AR HExE 23.450190t) o] AT B4y A
Al A&” AR AEolA 8tsle o] 2000
A E BT 2 ol Bt w2 gog MAH B4
oA F RIS Eelso] ¥4s I 5 A
[9]. 5714 ®%(1, 2, 10, 20 & 100 pg/ml)2] AZwAl

9 S A EAE ol AN 7]

ZA;
Al
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Al
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o i rr

]

silodosin

solifenacin succinate

Fig. 3. HPLC chart of silodosin and solifenacin
succinate.
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(ng/ml) + 3.25, R = 0.99998 & A& wT 244o]
FSoFAT.

3.2 8all: AlE H AT HH| Hot

e pH HHelM 2] 7 oFE2] +84e S4&

3t XSRS A¥S pH 1.2, 40, 6.8 45N U B2
B2 Fgoigict. AY Azt ARwAL2 ol 7P &
2053 £ 001 mg/mlY &3k s Hehllon, &2
LAl A4 9] RS pH 4.0 HojlA] 7Hg W
2 861 + 0.14 mg/ml o &3l= FS YerAHFig.
4). AREALS 19 4-87F0] 8 mgolH, EuUHAl 41
Aol 1Y 4832 10 mg?l & 125 wl, 200
~ 300 ml9] &3 I F IS 58 3¢ A8l
fFote F IS Ao BF AHE] &5 7hedt
FH9] w2 &9 g2 7 Ao g WRESI.

A)

Solubility of Silodosin (mg / ml)

pH40 pH68  DW

(B)

pH 1.2

12 4

10 4

0 . '
pH12  pH4.0

DW

Solubility of Solifenacin succinate (mg / ml)

pH 6.8

. 4. Solubility of Silodosin (A) and Solifenacin
succinate (B) in various pH buffer. Each value
represents the mean + S.D. (n=3).

Fig
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1% SSFEL MAACEE B pH 12, pi 40

AR

2 pH 6.8 Eof|A APet FEAY A1 T A=
SFEES D% 308 ol 85% 040l §EE LU
Ag RIT & AAHFig. 5).

(A) (B)

100 ﬁ—q
.
i
80 iﬁ

Dissolution rate (%)
Dissolution rate (%)

—8— pH12 —e— pH 12

—O— pH4.0 —O— pH 4.0
20 —v— pH68 —¥— pH6S

—4— DW —A— DW

0 T 1 T T 1
0 15 30 45 0 15 30 45

Time (min) Time (min)

Fig. 5. Release profiles of silodosin (A) and solifenacin
succinate (B) from the commercial silodosin
and solifenacin succinate tablet at pH 1.2
and pH 4.0 and pH 6.8 and D.W. Each value
represents the mean + S.D. (n=6).
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Silodosin

~

Solifenacin succinate

Vv

Silodosin + Solifenacin succinate

r T T T T T T 1

60 80 100 120 140 160 180 200

Temperature (°C)

Fig. 6. DSC thermograms of silodosin and solifenacin
succinate.
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Temperature (°C) Temperature (°C) 8) .

@ ®
\{‘ Sy Table 1. Composition of combination tablet

formulations.

[19)] 9]
— T~ Ingredients (mg) F1 F2 F3 F4
Silodosin 8 8 8 8

) ~
I A Solifenacin succinate 10 10 10 10
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200 Lactose hydrate 112 112 112 56
Temperature (°C) Temperature (°C) MCC PHIOI 56 56 56 112
Sodium Lauryl Sulfate 2 2 2 2
@ ® — Povidone K-30 - 6 6 6

/

\f ! (Distilled Water) (50) (50) (50) (50)
Crospovidone - - 6 6

) 0)
— T T~ Magnesium stearate 2 2 2 2
Total 190 196 202 202

60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200
F1 24&9 3<% f33 vZPAE A5 2:19

Temperature (°C) Temperature (°C)

o o M2 B Ao SIS T Aot}
V S 1S ZEAE A4S ARY 248l 2 24
. 20) 49 F1 Aol 2R THE K302 37113
Trc——— T~ Sl > = =
o A RueiAzle] Rk Fvleh AgES B
o O o 349 BYE9 39S SAAYIE AR el
AH12]. F3 2A4=cle sz &2 224
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200 _ _ B _
Temperature (°C) Temperature (°C) H]%‘% ‘7|:7 ]—‘6}-%21]1, %BHH]J\:__T X(jzﬂ EJ\_—; :‘1’]—% Zﬂoﬂ z\fl]7]—

sto] Boflof] A5k EAZA B wE2EH B35t
Fig. 7. DSC thermograms of drugs and excipients: (A), of YgHoA HAE vARE ARE A 9T T

Silodosin  (B), Solifenacin succinate (C), T U#A QItH13]. F4 Aure 9ota} njAdd A28 Q
Lactose hydrate (D), Silodosin+Lactose hydrate oo -

’ : AT +
(E), Solifenacin succinate+Lactose hydrate (F), 29 HIES 128 WA Aol
Avicel PH101 (G), Silodosin+Avicel PH101 (H), F1 2E FA9 4 A 71 glo] ¥do] Al
Solifenacin  succinate+Avicel ~PH101 (D), 25917 o] FAo] HFA] WA= €4 Ao}

Sodium Lauryl Sulfate (J), Silodosin+Sodium _ R

Lauryl Sulfate K), Solifenacin I Data not shown). &3i#17} glo] A|lxd
succinate+Sodium Lauryl Sulfate (L), Povidone F1 2 F2 XAE AA9 HES F3, F4 ZAE AA|9 v]
K-30 (M), Silodosin+Povidone K-30 (N), '8‘]-04 151.3___ A]@W]—X] _ﬁ_g;ﬁq‘?l 1;}{% Qo == g ‘%EPH%
Solifenacin succinate+Povidone K-30 (O), . s -
Crospovidone (P), Silodosin+Crospovidone (Q), o}, ol2dt ATt FHBSAIRl ARAEE|EY] AFRS
Solifenacin succinate+Crospovidone ®), 2 AA9] BaA)7to] HAEQ7] el Ao mhE
Magnesium stearate (S), Silodosin+Magnesium TH13). F3 AAI9} F4 AR BE 155 o]l 225

stearate (T), Solifenacin succinate+Magnesium

stearate. o] 85% oA Tdslo] 8F0] gadE Aoz wWiE Q]
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A)
100 ~
80 1
S
2 60
-
=
g
_g 40 - —o— Thrupas tablet
2 —o0— FI tablet
a —v— F2 tablet
20 A —&— F3 tablet
—a— F4 tablet
0 ‘ ‘ ‘
0 15 30 45
Time (min)
B)
100 -
80 4
S
L
s 60
=
2
% 40 A —e— Vesicare tablet
4 —o— F1 tablet
[=) —v— F2 tablet
20 A —2— F3 tablet
—=— F4 tablet
0 T
0 15 30 45

Time (min)

Fig. 8. Dissolution rate of combination tablet at
D.W.: (A) Silodosin; (B) Solifenacin succinate.

Each value represents the mean + S.D.
(n=6).
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Silodosin Solifenacin succinate
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} /7!7"‘4 )
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40

Dissolution rate (%)
Dissolution rate (%)

20 —=+— Thrupas tablet 20 —e— Vesicare tablet

—o— Fdtablet o Fatablet

T T 1 T T 1
0 15 30 45 0 15 30 45

Time (min) Time (min)
®) Silodosin Solifenacin succinate
100 100
80 80
w60 3 60
g E
g £
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2 Z
a =]
’ —+— Thrupas tablet 20 —— Vesicare tablet
0 —o— F4 tablet - —o— F4 tablet
0 ! 0 T T !
0 15 30 45 0 15 30 45
Time (min) Time (min)

Fig. 9. Release profiles of silodosin and solifenacin
succinate from the commercial silodosin
and solifenacin succinate tablet and F4
tablet; (A), D.W. (B), pH 1.2 Buffer. Each
value represents the mean * S.D. (n=6).

AZ AT Sl S4Bt 95
I, AT g2k 8EE557 307 ool A== uf
ol AolA FES FEo] F42 AR W]
JAget pH 1.29S v|zg&d oz Agstyct. HA
oA HPet SEATY Z} AR A0 ATAE] E
FAHo] Fe 58, 108, 152 AlFoAe] §&5o0]
741 + 68 %, 945 + 1.8 %, 98.1 + 1.7 % °o|gloH,
F4 A19] 49 5, 102 L 158 AJHoA 9] A=Al
/252685 + 132 % 809 + 103 % % 943 +
1.2 %5 YERSITE &Ejsubil 4141 9] A EHA|E<]
HAA 0] H O] AL 52 108, 158 AHoA &5
0] 30.0 = 0.6 %, 56.0 = 2.1 %, 88.4 + 1.0 % ©|3
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value) 9 FAHE IRHA value)= ofFef Ao what A4t
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