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This study was conducted to optimize the formulation conditions of the immediate-release layer of
carvedilol in the development of a two-layer tablet formulation for carvedilol and ivabradine. Using
a 2*+3 full-factorial design of experiments, excipients (microcrystalline cellulose, citric acid, and cro-
spovidone) of the carvedilol immediate-release layer (wet granulation part) and process parameters
for the tablet compression process (main compression) were optimized, and seven types of each depend-
ent variable (assay, content uniformity, hardness, friability, disintegration, and dissolution [pH 1.2
and 6.8]) were evaluated using design expert software. The analysis of variance results confirmed
that the main compression has a significant effect on hardness, friability, and disintegration time and
that microcrystalline cellulose has a major effect on friability and dissolution. In addition, it was
confirmed that citric acid has a significant effect on friability. Crospovidone affects friability and
dissolution. According to the design space from the design of the experiment results, the optimized
range is microcrystalline cellulose (~18.0—32.0 mg), citric acid (~0.5— 12 mg), and main compression
(~615—837 kgf). Consequently, this study confirmed the availability of manufacturing the carvedilol
immediate-release layer in which all risk factors evaluated in the initial risk assessment are removed.
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B Aol AFE-3F carvedilol Inist st Co., Ltd. (Yongin,
Korea)ol| A o] 8193 2™, ivabradine HCl-> Alembic phar-
maceuticals Ltd. (Vadodara, India)oll 4 vl 8} 94 T}. Microc-
rystalline cellulose 101, lactose monohydrate, citric acid, cro-
spovidone, yellow ferric oxide, hydroxypropyl methylcell-
ulose K200M, dicalcium phosphate, colloidal silicon dioxide,
magnesium stearate™ )3 2F3E(Seoul, Korea) 2 MASUNG
& Co., Ltd. (Seoul, Korea)l| A w3} TF. Acetonitrile,
methanol, 71E} Al¢F 2 &4 F+= Merck (Whitehouse station.
USA)oll A Tt st Tt 44 7]7]& Agilent 1100 series
HPLC system (Agilent Technologies, Santa Clara, USA)°. =
Z<E7]+= Agilent 1100 series diode array detector, A ¥ -2
Agilent Eclipse XDB-C18 (4.6x150 mm, 5 pm)& AH8-3}%
ok AAl A xE 913 EFY7]E Autotab-200TR ©] &4 E}
73 7] (Ichihashi Seiki Co., Ltd, Kyoto, Japan)E A}-8-3}% T}
Ha &% Agel 9o gxgo s FoY dgEARY
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Ivabradine M%& W=

Ivabradine A5 & T2 180 mgo|H] ZFHo 2=
AATE /\}%O]-S’iﬁ]-. Ivabradine HCI (10.78 mg), micro-
crystalline cellulose (101.82 mg), hydroxypropyl methyl-
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33 70Cell A HAzste] Az 7heFo] 1.5-2.0%7F H =S
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loidal silicon dioxide (0.80 mg), magnesium stearate (0.40
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ssion)°l W& $3 AP HAE FFE
Design expert® software version 13 (Stat-Ease Inc., Minneap-
olis, USA)E AH&-3l 243 2 @Rlul XM -& #8314 A
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3 e HAHxAE Flenile]. oW SHHASF
[Factor: microcrystalline cellulose, citric acid, crospoviodne,
main compression]& &3l Z} & [Level: microcrystalline
cellulose (16, 24, 32 mg), citric acid (1, 3, 5 mg), crospovi-
done (1.2, 2.4, 3.6 mg), main compression (600, 800, 1000
kgH)]ol A 528 F[carvedilol & ivabradine ©]5A &-3HA
o] BE(F3Ek: 6-10 Kp), PHEE(FELL: 0.5% °l8h), &
S AIZHE gL 5% o8, FE(FEFL 95.0-105.0%), T
F A (FER BA G 5 olsh, Mn&E FAMIIA
(B3 pH 12, 6.8 &9 27k 50 ol Z23E <l
3} 2} 3l tH(Table 1). 167FA12] 2323 A A3k
A M-S A7) 98l A S 33 whE st
HELY A F57HA Flste] F 197119 2o ®
k3|

Carvedilol S4&9| &2 Al

shaF 242 Agilent 1100 series HPLC systemS ©]-8-3}
a2, A2 Agilent Eclipse XDB-C18 (4.6x150 mm, 5 um)
E AR&SI e 40T oA E43kh o572 KHPO,
*Z 8B} AcetonitrileS 65'35(V/V)§ T3 g <
2H& A7Vt pH 2.00] HEE a3t o] 54 &S
1.5 ml/min, A& 372 240 nmoltﬂ L /\] S5 20l F
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Table 1. Design of the 2*+3 full factorial design to study

A 4 mlE H3FH 100 ml &F Fe2=F DI 50%

MeOH €9 85 ml & €& & 2087

=
50% MeOH S0 2 TXX7IA] A& & ABo=z AL

9t

0|&X E8HH|9 A =X

Carvedilol ¥

ivabradine ©]=% B3A|o AxE= HAx

=7 7]|(Tablet Tester 8M, Dr. Schleuniger® Pharmatron,
Ukraine) S AH&-3te] 24391 5712 AAL A= H+
o2 BxsEqr

D]—{'-:_‘—_\_',:__(%) =
W, = Il
W, = UtEE
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2 & ol o] Algkalg o] §3te] whi
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W2)/W;100
Ao FA

% Kl
= 34 5 A 7A

015X S&He Sa AlIE
B3 AP disintegration tester (DIT-200, LABFINE,
Anyang, Korea)& AR8-3Fe] 37+0.5C 2] AHA ol A 23 A

e

570l st A4

st

6047+ Z3Y kT %%%1 O 2EpH 12 ‘;4 6.8 Alfé"—ﬂ%
ARgSFATE A" AR ZHA(S, 10, 15, 30, 45, 60 min)©l|
ol 2 mi¥ AZHHSI 0.2 pum PVDF syringe filter
(Hyundai Micro, Korea)Z & 33} t}. Carvedilol®] &%=

Level
Factors
-1 0 1
CMA A Microcrystalline cellulose (mg) 16 24 32
B Citric acid (mg) 1 3 5
C Crospovidone (wet granulation part, mg) 1.2 2.4 3.6
CPP D Main compression (kgf) 600 800 1,000
Response Goal Acceptable ranges
Y Hardness (kp) In range 6 <Y <10
Y> Friability (%) Minimize Y, <05
Y; Disintegration of Carvedilol (min) Minimize Y <5
Y, Assay of Carvedilol (%, w/v) In range 95.0 < Y4 < 105.0
Ys Uniformity of Dosage Units (%) Minimize AV <5
Ys Dissolution similarity pH 1.2: £2 > 50 at 15, 30, 45 min. pH 1.2: 2 > 50 at 15, 30, 45 min.

of Carvedilol pH 6.8: £2 > 50 at 15, 30, 45, 60 min.

pH 6.8: f2 > 50 at 15, 30, 45, 60 min.

*AV: Acceptance value
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acide= §FH 9 pHoll 4 = F A= BHEA FRl=
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Table 2. Initial risk assessment of raw material about carvedilol immediate-release layer

Material attribute

Drug product

CQA Microcry-stalline Lactose Citric Crospov- Yellow Colloidal Magne-sium
cellulose monohy-drate acid idone ferric oxide silicon dioxide Stearate

Assay Low Low Low Low Low Low Low
Content uniformity Low Low Low Low Low Low Low
Hardness Low Low Low Low Low Low Low
Friability Low Low Low Low Low Low Low
Disintegra-tion Low Low Low High Low Low Low
Dissolution High Low High High Low Low Low

Table 3. Initial risk assessment of process parameter about carvedilol immediate-release layer

Process Parameter

Drug product CQA Mixing & Wet

Final mixing &

Granulation Drying Screening Lubricant Tablet compression
Assay Low Low Low Low Medium
Content uniformity Low Low Low Low Medium
Hardness Low Low Low Low Low
Friability Low Low Low Low Low
Disintegration Low Low Low Low Low
Dissolution Low Low Low Low Low
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Table 4. Initial risk assessment of process parameter about tablet compression step

Drug product CQA

Tablet compression

Pre-compression

Main-compression Feeder paddle rotation speed

Assay Medium Low Medium
Content uniformity Medium Low Medium
Hardness Medium High Low
Friability Medium High Low
Disintegration Medium High Low
Dissolution Medium High Low
Table 5. 2*+3 full factorial design DoE results for CMA and CPP study of carvedilol
Factors:
Factors: Material Attribute Process Responses
Parameter
B;It:h A : Crospg\./idone D: Yi Yo o Ya: Y Yo Y
" Microcrystalline  Citric Main ) ... Disinte- " Uniformity pH 1.2 pH 6.8
cellulose 101 acid (Wet .gran- compression Hardness ~ Friability gration Assay of Dosage dissolution dissolution
ulation)
(mg) (mg) (mg) (kgf) (kp) (%) (%) (%) (%) - -
1 32 1 1.2 600 7.20 0.04 17.5 100.86 6.31 53.95 66.37
2 24 3 2.4 800 8.50 0.11 34.5 101.23 4.12 43.60 68.94
3 32 5 3.6 1000 13.50 0.08 85.0 100.83 5.04 55.05 69.23
4 16 1 3.6 600 6.80 0.07 16.5 98.03 4.24 57.24 58.98
5 16 5 1.2 1000 12.40 0.32 58.0 95.63 2.95 48.18 70.54
6 24 3 2.4 800 9.02 0.21 31.0 101.53 5.12 40.96 74.35
7 32 5 1.2 600 7.30 0.29 28.0 96.44 2.11 46.94 74.60
8 32 1 3.6 1000 13.00 0.07 51.5 96.80 2.04 52.74 70.40
9 24 3 2.4 800 9.00 0.18 25.0 100.50 6.24 41.50 87.04
10 16 5 3.6 600 7.30 0.15 13.0 102.06 4.28 53.67 52.87
11 16 5 1.2 600 7.30 0.29 40.0 101.03 6.05 50.18 50.63
12 32 1 1.2 1000 12.00 0.03 88.5 98.53 4.12 46.40 59.32
13 16 1 3.6 1000 12.40 0.13 23.5 101.88 4.33 62.32 65.11
14 16 5 3.6 1000 11.50 0.03 32.0 95.51 5.31 67.42 50.70
15 32 5 1.2 1000 13.60 0.08 90.0 98.08 4.11 53.55 73.69
16 16 1 1.2 600 6.70 0.36 17.5 97.80 4.56 53.38 57.83
17 32 1 3.6 600 8.20 0.09 13.0 99.14 2.09 58.15 83.25
18 16 1 1.2 1000 10.7 0.08 32.5 98.06 6.06 51.42 54.24
19 32 5 3.6 600 7.40 0.20 11.0 96.79 4.12 51.64 78.98
T AE FA Ao(lack of fit) A AIZS Table 69 @&Fol $12™, main compression®] F7}Hol wel A
YEFATH13]. p-value®] 7-9- 0.05 PIRFY of FAA] Wi F27F A" A HA A=7F S7He Aoz dad
AL 7RG FEEI T tH4]. "l<&==% Table 6 53l microcrystalline cellulose

Table 62] ANOVA < B3l =1 L¢ %
pression< 74 = (p=<0.0001), "}<&=
(p=0.0012)°l Frolgt FF&
YW F microcrystalline cellulose:=
22 #(p=0.0016)°l F23 FF=

T =

= 00

&=E

pH 6.8 =&

el AT} Citric acide= &R

& "5 (p=0.0037), pH 1.2

83 FFS MHSS A
7= Table 6°] ANOVA #< &

(p<0.0001)°] 7}3+

main com-
g3l A

k<=5 (p=0.0093),
F9ee
(»=0.0093), crospovidone
2 3k(p=0.0015)°l =

3l main compression
Fol@ G FE AN FAHY

© ™, Fig. 1A8} Z°] microcrystalline cellulose®l] 3l A=

(»=0.0093), citric acid (p=0.0079), crospovidone (p=0.0037),
o gHe sk
a1, microcrystalline cellulose$} crospovidone®] xl % 2}-8
(p=0.0037) T3 o3t 9FE VHSES AT 5 UM
t}. Fig. 1B9] microcrystalline cellulose$} crospovidone2]

TE O o

main compression (p=0.0037) &+ -+

%3l microcrystalline cellulose®} crospovidone
nhEEE S7FskAL, T ol U1

TF
& nEEE AskE S BT Kim [6] 59 &
A FF AT AAE EWRE B H?ﬂli /\}gg Crospovi-
doneo] 54 #H T4 T AUt =< FskdEAM 1 2
dgo] okslE = Aol YER crospov1od0ne/] oko] =



Table 6. ANOVA results of the 2*+3 full factorial model
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2

Response Source Sum of squares df* Mean Square  p-value R

Model 104.55 1 104.55 < 0.0001  0.9250
Hardness D-Main compression 104.55 1 104.55 < 0.0001
Lack of Fit 8.30 14 0.5931 0.1348

Model 0.1839 11 0.0167 0.0028 0.9583
A-Microcrystalline cellulose 0.0189 1 0.0189 0.0093
B-Citric acid 0.0203 1 0.0203 0.0079
Friability C-Crospovidone (wet granulation part) 0.0281 1 0.0281 0.0037
D-Main compression 0.0281 1 0.0281 0.0037
AC 0.0281 1 0.0281 0.0037
Lack of Fit 0.0027 4 0.0007 0.8837

Model 5795.02 1 5795.02 0.0012 0.4933
Disintegration D-Main compression 5795.02 1 5795.02 0.0012
Lack of Fit 5907.09 14 421.94 0.0530

Model 43.59 43.59 0.0001 0.6170
Assay ABD 43.59 1 43.59 0.0001
Lack of Fit 26.50 14 1.89 0.1365

Model 22.32 4 5.58 0.0013 0.7264
Content uniformit A-Microcrystalline cellulose 3.84 1 3.84 0.0299
Y BC 8.82 1 8.82 0.0027
Lack of Fit 6.16 11 0.5598 0.8196

Model 286.55 3 95.52 0.0023 0.6334
pH 1.2 dissolution  C-Crospovidone (wet granulation part) 183.81 1 183.81 0.0015
Lack of Fit 161.98 12 13.50 0.1327

Model 825.70 1 825.70 0.0016 0.4741
pH 6.8 dissolution A-Microcrystalline cellulose 825.70 1 825.70 0.0016
Lack of Fit 743.26 14 53.09 0.7682

*df: degree of freedom

A ARG}, B3l A3 Table 69141 main compression (p=
0.0012)°] 7H¢ Fofg &S F= AAZE IRl om,

Fig. 1C2} 2] microcrystalline cellulose®] 542 & 93

tanl

o] 31 °™ main compression®] S7+&FE F7)5H

&S UEHHh Jang [4]0] FA b5 S8 ARt 9
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N
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-
il
o
2
fu
o2l
2
lo
2
A

i
rlo
ikl
o
B
=
ok
N

4
4o JaFe Fou, B Aol Bold 4% A

B 2zl dsiA 0 o] 2 Qs YA

ox I
lo

o o o fll N2 o 0% ol

main compression®| S7+&FE 33l Al7to]
ko] YEhd Zlow AdEM

=3

o
Oﬁ o
o
)
o
W
N
N

o wo i

2 TLdA 2 Table 6°] ANOVA E4 oA micro-
crystalline cellulose, citric acid, main compression®] w3 %}
£(p=0.0001)°] FFo] FFE v X3, microcrystalline
cellulose (p=0.0299) ! citric acid®} crospovidone®] &2}

£-0](p=0.0027)°] FHFHFL A Fg Fako] 5= &
JE Ao Aaghe] B2 7|F oW o] ==& Fig. 1D,
Fig. 1E9} o] Syro| +F sy} b Aol
< FA & AL FASHTE Table 614 pH 12 &ZH
9] 2352 crospovidone (p=0.0015)°] 7} F2 sk F&FS
vl H o™ citric acid®} main compression®] W ZF-&-(p=
0.0376) =3+ o= A= FoJgt FFHo] AeS FUsA
t}. Fig. 1IFE& &3l crospovidone®] %F°] %7}8}3l micro-
crystalline cellulose®] o] ZHAST4E £ Fho] =yl
3% =3 FAAHAh o] A= Hamed 2] 52 T4
of 54 A7 Aol AASHA, pH 12914 = A =2
A S =T =& FAESY §A A SaAY vl &0l

2o 2 A
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A 12 B 36 c 32
g A e
£ 28 g 31 S 28
= g 3
1) =} o
2 E, 2
8 244 8 e °10 11 120 5 2.44 - 5 2H 130 ° 4o 50
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