Polym. Korea, Vol. 44, No. 5, pp. 715-724 (2020)
https://doi.org/10.7317/pk.2020.44.5.715

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

FOlElOFH Foi=HE ERshe LEM0] daeXe SHHSY
HEZE  IEN - -9 - dTF - FFY oA - SF2 - ZEY
ASH A BING 3-8t AP egsat, ApAkg il o 4
(0201 5€ 279 4, 20200 62 239 44, 2020 69 29Y AH)

Dissolution Properties of Controlled Release Capsules Containing
Quetiapine Fumarate

Pil Yun Kim, Jun Jae Jung, Nam Yeong Kim, Jin Woo Kim, Jeong Min Choi,
Won Chan Lee, Jeong Eun Song, and Gilson Khang'

Department of BIN Convergence Technology, Department of Polymer Nano Science & Technology and
Polymer Materials Fusion Research Center, Jeonbuk National University, 567 Baekje-daero, Jeonju 54896, Korea

(Received May 27, 2020; Revised June 23, 2020; Accepted June 29, 2020)

E8: Fogold Ful24Hquetiapine fumarate, QF)> W2 839} =& £344-& 2= BCS CLASS T2 AA|
o]&Fo] W& A7t QUth. EgF FoElopaS o] IsP|E Bfate], A 24 shelld O w2 Sl E 7
=0l ®HaEe] Qlvh &, pH 4 ool el tisire 88l =rt WL, pH 20014 &2 E3l=S Bo|w, pH 2 v
T e o] &R Qlate] &S ErF 7HAgth wEkd QFS S3=E FdAI7]AL pHO WSl dA S WES
freshz] flal S B A A ES o83 AeS AXSITh. XRDSF DSCE ARg-ate] oF=e] A7%84d%
HE %71 SEME S3ll FeighEgl #4, FTIR 48 33t 384 wsls 2489tk Tt 5293374

7Ve silen HFHoR, SElw Ao RE WA A

= T
ol freidel JE 2 Fls] S8 f54d

o
AEA ] L3e ES 2aE)

o Hel

H
=]
Rln

YE 1

Abstract: Quetiapine fumarate (QF) is a BCS CLASS II with low solubility and high permeability, which has a problem
of low bioavailability. It has also been reported that Quetiapine possesses two hydroxyl groups, so it has a higher sol-
ubility under acidic conditions. The solubility is low in the range of pH 4 or higher and it is high when pH is 2, and it
decreases when the pH is lower than 2 which is due to ion effect. Therefore, capsules were prepared using immediate-
release and sustained-release granules to improve the solubility of QF and induce constant release even with a change
in pH. XRD and DSC were used to evaluate the crystallinity and inclusion of drugs, SEM was used for morphological
analysis, and FTIR was used to analyze chemical changes. In addition, fluidity was evaluated to confirm that it was
improved by granulation process. Finally, the solubility patterns of solid dispersions and capsules were analyzed by a sol-
ubility test.

Keywords: quetiapine fumarate, immediate release, sustained release, controlled release, rotary evaporation, spray dry
solid dispersion.
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Figure 1. Chemical structure of quetiapine fumarate.
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Table 1. Formulation of Quetiapine Fumarate (QF) with Polymer Using Spray Dryer (SD) and Rotary Evaporator (RE)

(unit: mg)
Batch Drug Polymer(carrier)
Quetiapine PVP HPMC HPMC HPMC Total
fumarate K-30 (K4M) (K15M) (K100M)
RE1 100 250
RE2 150 300
RE3 300 450
RE4 150 300
RES5 300 450
RE6 150 300
150
RE7 300 450
SD1 100 250
SD2 150 300
SD4 150 300
SD5 300 450
SD7 300 450
Quetiapine Fumarate
+
PVP K-30 or HPMC
Solid dispnrsinn
“» g By HPMC
v
il | MCC
_;_E { 4
“ Binder
. . e &
Rotary evaporating é’? d’# & @
or —' p—\\ (u— @
Quetiapine Fumarate - |
+ Solid dispersion ' 4
PVP K-30 or HPMC q " By PVPK-30 r
': . Capsulation
.' '_-‘ Lactose ? # ¢
: = : Solid dispersion
Wet glanulation
Spray drying
Scheme 1. Capsule manufacturing process
Table 2. Conditions of spray drying ZFate] &k, AW FYELS Alxsigt. AlxE 3
Parameter Setting AT QEAx/] B oF 2087 A% T, O] FA7
Inlet temperature 130 °C z27]12 B3 6r7F Axstdnt AxA1Z] FEAS 250 pm
Outlet temperature 65 °C 7|8 Zh= Ao e dES 95 AYsigen, £5
Automizing 5 10 kPa A SAPEE A7) A7) dAFAClE] Bkt
Flow rate 0.3 m*/min M&E =M. Scheme 13 o] Asle A} 71est=
Pump speed 0.01 mL/min FHA S 742 YFE 713 1:1 H|SZ Table 49} 7o) &
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Table 3. Formulation of Wet Granulation (WG) on Quetiapine Fumarate (unit: mg)
Batch Solid dispersion Excipient Disintegrant Binder Total
Lactose MCC PVP K-30
Immediate release granules WGl 250 350.01
WG2 300 400.01
Sustained release granules Wad 300 0 30 0.01 100,01
WG5S 450 550.01
WG7 450 550.01

*Solid dispersion was prepared by batch (SD 1,2,4,5,7).

Table 4. Compositions of QF Hard Capsule

(unit: mg)
Immediate Sustained rel ranul
Capsule granule ustained release granules
Number
WGl WG2 WG4 WGS5  WG@G7

1 350

2 550

3 175 200

4 175 200

5 175 275

6 175 275
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Table 5. Flow Character by Hausner Ratio and Carr’s Index

Flow character Hausner ratio Carr’s index

Excellent 1.00-1.11 <10
Good 1.12-1.18 11-15

Fair 1.19-1.25 16-20
Passable 1.26-1.34 21-25
Poor 1.35-1.45 26-31
Very Poor 1.46-1.59 32-37
Very, Very Poor >1.60 >38
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Table 7. Preparation Condition and Profile of Solid Dispersions

Batch Encapsulation

efficiency(%)
REI 95.2242.92
RE2 92.3242.06
RE3 84.41+3.41
RE4 88.68+2.06
RES 91.46+2.71
Solid RE6 84.71+2.44
Dispersion RE7 89.62+2.08
SD1 95.45+1.84
SD2 95.61+1.66
SD4 90.34+1.74
SD5 93.1842.11
SD7 95224191
1 FHA AR AoHE EAE Aole] Age YAF o=
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AL S A7 =719 FHiE #ES AAE Figure 29

LFERRSIT Figure 2(a)llA] QF 24 A7]%E 5~50 umE 1}
BRI, PVP K-30& 10~100 pm 2712 2] FEjS 34
AL, JA7E] FAH A= FEr BEE AT HPMCE
10~100 pum Z712 E572 A2 o 25 & 5 2
Figure 2(b)oll4] RE1& 1~10 um, RE2, 4, 5, 7& 5~100 um
A71e] B2 A FelE zhar3l= WhE, Figure 2(c) SDI1
o] 749 5~10 um =L71¢] o] e, SD2, 4, 5, 7¢] 750l
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Table 6. Flow Characteristics of Solid Dispersion (SD7) and Granules Calculated by Hausner Ratio and Carr’s Index

Hausner ratio

Flow character by

Carr’s index Flow character by

Hausner ratio Carr’s index
Solid dispersion (SD7) 1.25+0.02 Fair 20.47£1.4% Fair
Granules 1.03+£0.01 Excellent 3.33+1.1% Excellent
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Figure 2. SEM images of (a) quetiapine fumarate, PVP K-30, HPMC K4M, HPMC K15M, HPMC K100M; (b) REs; (c) SDs.
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Figure 3. FTIR spectra of (a) quetiapine fumarate and polymers; (b)
REs; (c) SDs.
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Figure 4. DSC thermograms of (a) quetiapine fumarate and poly-
mers; (b) REs; (¢) SDs.
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Figure 5. X-ray diffraction patterns of (a) quetiapine fumarate;
polymers; (b) REs; (c) SDs.
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Figure 6. In vitro dissolution behavior of quetiapine fumarate solid dispersions made from rotary evaporators [D.I water]| (a); spray dryers

[D.I water] (b); capsules [pH 1.2] (c); [pH 6.8] (d).
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