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Our study described a new annealing approach for dry-coated formulations, which includes heating of the dosage
forms in plasticizer vapor. First, coated tablets were produced by V-shaped blending of tablets and polymer particles
without any solvents. Second, these tablets were placed in a desiccator, in which triethyl citrate in liquid state was pre-
charged, followed by heating at various temperatures. The resulting tablets were characterized. The polymer particles
layered on the surface of tablets coalesced by heating at 80°C or more in plasticizer vapor, indicating that using
plasticizer vapor could lower heating temperature required for film formation of coated polymer. The weight of
polymer compacts increased by heating in plasticizer vapor as heating temperature increased. These data were
correlated with vaporization rate of the plasticizer, indicating that plasticizer in gas state was absorbed in polymer
particles, promoting film formation due to a decrease in glass transition temperature of the polymer.
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EFNVEYIZIE, TEIT I 72 (AAP) (R
LR T3E) 27z, SERIHOEAIE LT, SR FLpE
(LAC) (SuperTab 30GR, DFE Pharma), 4T H#5 &tV
o—2 (MCC) (UF-702, JBALRG) ZM\7z. BiRAl L
LT, AFTY VY7 Ay A (MgSt) (BEE7 4V
AADEHSE T ) 2w, I—T4 Y 7HIELT, X
FITZUNVEXAFIV - A7) VEYZF VT I ) F)
IR < — (Kol-SS) /K4r#ki (Kollicoat Smartseal 30D,
BASF Japan) %MWz, WKL LT, 7 vfEbY
F )V (TEC) (BL7 14 WAHDEHETIE) 2 HW7,
TEC O il 294°C, ZELEIL 25°C D& % 0.25Pa TH
N[39], T THIROWBAE LTHEAET S,
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AAP (100 g), LAC (600g), MCC (300g) % V %I
G (S5, AR 3L, BIPLFR) (THAA, [
¥ 28 rpm T 10 - MIEA L7z, Mg-St (10 g) #3810
BALTELIZ I A HREL TR L. BohRE
KIZDWT, a—% ) —FT§H (Cleanpress correct
12HUKAW, Z5K8E0) % HvC 2 BE R A (% 8 mm,
Hi=E 3.2 mm; 9.5 mm) THEEE 10 kN (FPIE 4kN), [BlHz
¥ 20 rpm DM THEMRIE L, B 200 mg OFEA] (1
JE 88 + 3 N, BEFHEE <0.1%, HilERFIH] 60 + 4 #) 281 7=,
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Kol-SS /K75 Bl V2 K5 K % i 2 TR/ BE 10%12
FEL, WESSmmICBLENICATFYLANLAIZ
HFW7E, 2o LA 2B (FD-550, SR L%
W) AN, —30°C T2 WefBfins S &7z W%, W
JE# R4 1220°C T TEFTWE, 24 BRI AT TR %
A ST, [BONTHKEEHR T —F% HF Z 150 pm
DA ) —THi® L, Kol-SS K& 7z,

24 A—T 4 > TEOAR

FeAl 1000 . (200 g) & Kol-SSK (20g) % 22IHT
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07 CHRE LR, ROTETHER L,
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PTFE ¥ — FZ2H W/ AT VLAY Y —=LIZa—T 4
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80°C, 100°C D—EMJE F T3, 6, 12 HHFHET S Z &
T, TEC ZRDHFAET 5 F AT TOMELILZ 1T -
720 RIRE LT, I3—74 Y 78E%iEW/ PTFE ¥ — b
SAT Y VAT v — L ERBIHRZC AN, LRl & Fk
D5ZAMET TEC BRDAE L WEPA T TOIB LI %
11720
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Fig. 1 Schematic diagram of a setup for heating in TEC vapor
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WEAER L7z, #its 5 4 (Inertsil ODS-3, 5 um,
4.6x150 mm, Y —T VYA TV R) B, BEMIIE
pH 4.7 ) YEEZAKFEH Y 7 A2 (0.05mol/L) & 2%
J = VOREW (KR 41) 2RV, WEkEZ
244nm & L, PRIFFEERIA 5 40127 % & 9 12 2 Ji ik
L7z,

264 EEDETFEMRICLIREAHRE
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2.7 SRFERIAAOFME

HURETEHE LT S 7z Kol-SS KO IEAR % fs L 72,
Kol-SS & 10 mg % /% 4.5 mm OFRIGRNCFTIEL, T
RED [IRIEAG B (AG-X, BEBERT) % v CHEMIE
200 MPa, JEFEHE 1 mm/min D& THEMEIE L, #
0.60 mm DEAZET 5714 A7 IROBEIAKRZ L2,
IR E T 2.7.2 HB L U8 2.7.3 IHTOREAEEE %1
T 5720 10 mg ICREE L7z. KR Z Y A5 VD
Ao TeT ¥ r— 5 NT 24 gL LA L7214, 2.5 BHIZ
FRAR L 72 FIEICHEV, TEC ZXF COMBMMIE X O
TEC Z55.D 7 WINEMLH 2 4T - 72,

271 CCD #hX*ZIl&k 34 8H=

IMERSLFR T 1% O i 53 F OB AR 2 T AR E X, 2.6.1
HOFMUIFE, B53 12 15, HEEHE 150 mm O 4FT
e L7z,

2.7.2 BEZ{LOFT

INEAL BRG] O 5 57 FIIE RO HE i W, [mg] 2 M€ L,
TNEALIR S |2 i 7, [mg] 2 FHEHE L2, SOE&D
ERIEMEE W, [%]% Eq. (1) TET,

Win = 100 x (W, — W))W, (1)

273 77 AEBREDAE

IMBLPLRG 2 O 50 RIGAR D 77 5 AR HE (T,)
N EABEFT (DSC) (DSC-60 plus, &t #AEHT)
THIE L7 WO TR L E 7V I IVITANRTY
)7L, iR 50 mL/min DEERET A T/R=I L5,
FHiRHEE 10°C/min T 120°C F TIE L 72, F D, —30°C
FTHIL T 5 R L 228, T 1200C ThNEA L
720 2 Il H OB ISR S L7z DSC B R— 2 5 14
Y7 bomEE T, & LTRERL 7.

2.8 TEC DEFREREDAIE

TEC OZFEHE % B E w5 EE (TGA) (DTG-60, 5
FHBAERT) CTHE L7z, TEC 27V 380 (N
52mm) 128 10mg L, 40°C, 60°C, 80°C, 100°C
DO—EME T T 120 75 FME L7z, Ik L7z TGA #hfR
DO E X ) BALKER ¢ [min]d 72 ) O EmZE L AW [mg] %
B L7 TEC %1 M[g/mol], FEHEIREE (STP) 12
B BEMEDOENVEEL V [Limol], 7V 378 O 4
[m2]& ¥, TEC OZEFEHMEE VR [mL/(m*min)]% Eq. (2) %
LR L7:,

AW -V
M-A-1 @

VR=—

3. EBRERBLVEE

3.1 TEC ZX DB WINERMNIEIC K 5 B IEDET

a—F 4 ¥ ZEE%R 60°C, 80°C, 100°C O — g ik 4t
TC 3~12 KERDMBGLH L 7z e o 4 Bl 1% % Fig. 2 12
R MMBVLBIRT O O —F 4 ¥ 78RS0 TR R TED
NTHEY, MMOdHEHEEL Tz, MBI
ExE LF2I2oNnT, SRR FH LI TBY,
100°C Tl&, JCIRO D 5 HEBDK Sz Fhe & Mk
WHMHEIRO I —T 4 v 7o HER, R, HA% Table 1
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Fig. 2 Appearance of coated tablets before and after heating at various temperatures and

various times without TEC vapor

Table 1 Weight, thickness, and diameter of uncoated and coated tablets before and after heating at various temperatures

and various times without TEC vapor

Weight [mg]

Thickness [mm)] Diameter [mm]

Uncoated tablets 200.6 £ 1.5 4.112+0.016 8.066 + 0.005
Coated tablets (before heating) 203.2+0.0 4.281 £0.031 8.130+0.001
Heating
3 hours 201.5+0.1 4.231+0.037 8.120 + 0.004
60°C 6 hours 201.5+0.1 4.236 +0.027 8.114 +£0.011
12 hours 202.0+1.2 4.233 £0.024 8.123 +£0.007
3 hours 202.4+1.5 4.228 £0.029 8.114 £ 0.002
80°C 6 hours 201.3+1.2 4.210+0.023 8.112 +£0.008
12 hours 201.7+1.8 4.221£0.036 8.117 £ 0.006
3 hours 202.6 0.8 4.212£0.030 8.107 + 0.006
100°C 6 hours 200.1+1.7 4.190 = 0.024 8.109 +£0.012
12 hours 199.1+1.6 4.198 +0.027 8.104 + 0.009

Each value indicates the mean + S.D. (n = 10)

WRT o FEEEMBILBRIO T —F 1 ¥ ZEEDIEA L E
BOEIY, LMK 85 um, B K K
[Sum DERDI—F 4 Y TREPBEEINTEY, I
T4 Y TTRBOERIIN 2.6 mg THh o 72, MBGRIE % LU
BLIZONTHEAOEEAIVNS L %20, 100°C T 12 KRN
By neFEpL D ERIVNS S olce THITHEEED
T d BtV 1 — 2 DRI AINBLELZ X Bk
L7272 Th b eHigisnbd, —F, SEHRIOBELELER
EMBGRE D FAB X OMAKHOERIZ L ) /S L
Tolze ZOMFITMBANEIZE ) I —F 1 2 T @DIE
FALSNIZZEZRLTBY, ZMIMmSRICR SN 5 EEH]
KMOBILE —F L T b,

BEMETIMBILIR L 723 —F 1 ¥ Z 50BN RER O
R% Fig. 311" F o 60°C TMBAMH L 720 —7 4 > 7§
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DIEYBOLZEEY L, MBVLILET 2 S5 2 L L o7z T—
TA V7O E W OB %% Fig. 4 12773 .60°C
TME L7233 —7 14 7 EIEFES T (Kol-SS) DR 1A
Fifg LMz LTBY, BELTwawn 2 &A%k
EM7z0 Kol-SS @ T, 1& 60.6°C TH H, IELEE 60°C T
X, BOFORBLAARTHTHolze 207280, I—
T4V TRBOEEIZRI 57200, By
BAENRI ST, 714 V2 LS8N hhoiz. MEBGRE
80°C Tl&, ®orFH+ DI =BG AR S N 7zhs
DL WHEE R L TWeo 0720, JIEILBLRT &
WA TP EE DS DT HNALT L7225, HEER 60
ETIZIEE A EDOEY DR S N7z BRI 100°C
T, WO TR TOMENEITLTEBY, 714 0a{bL
TWABZEPHEREINTZe I—T 4 Y TEOBEREIZ LD,
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Fig. 3 Drug release profiles of coated tablets before and after heating at (a) 60°C, (b) 80°C and (c) 100°C, at various times without TEC
vapor. Each point indicates the mean + S.D. (n = 3). Heating time: O, 0 hours (before heating); O, 3 hours; ., 6 hours; ., 12

hours
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(b)
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Fig. 4 Scanning electron micrographs of (a) surface and (b) cross section of coated tablets heated at various

temperatures for 6 hours without TEC vapor

FTE A LAY D YR O BEZE 2 W & E R L7z,
F 72, MEREH 6 R & 12 RER CIEMBUN A IR & &
EPRONZNZ LMD, INBSLHIC X 2 HlEE 6 K
T T L7ze BLEXD, Kol-SSD T, & 0 b EwiiES
PECIBILELS 2 2 L Ca—F 1 ¥ ZBOBEASEST L
100°C. 6 BECoOMBILIIZ X ) a—F 1 > 7% Bk
T&7

3.2 TEC AR T CTOIMBMMRIE(C K 5 R EDWET
HIIHTOMEIZBWT, XTI CHRAIERMIER S
N7z Kol-SS DI —F 1 ¥ ZJFIZ 100°C, 7 6 R kAL
HCHRECEL I LRR L, LA L, EERMEDRLR
A DL  EILEW TH B 728, 100°C 1AW
TOMBIIIE, BGRREZFIESRIT) A7 DD D,
2072, IVERWVIBESRETI—T 1 Y B ET
PFLEOREVPEENL, WHOMELY, a—FT 4~
TROBEE, T O T, &0 b EWIRE TomMmEL
HOLETH ol ZD720, BHFOT, % FIF 508
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MEREHCLZENEINSL, UL, BHEEEZERRTIC
TEC % 7 L CTHLL 72 Kol-SS K IZHBRE LA <, §EH)
2a—F 4 VY7 TERVWI L2 PMMETCHRLTW5,
ZFZT, a—F 4 ¥ 7 §t% TEC ZLADFAET A HEHAT
TMBEHE L, a3—7 4 v IREOKELZ T H L
ZRET L 7zo

TEC Z&&.F T 40°C, 60°C, 80°C, 100°C ®—3EilifE T
T 6 BERIMBSLEL U 72 a2 — 5 4~ 7§D /MR % Fig.
5128 MIEIRE 60°C T Tl1X, a—5 4 ¥ ZEOMNY
HHEFR SN, TEC ZRDFEIZ L BE NI SN h o
720 TEC ZE5UT 80°C THAMLH L 7284 Tld, TEC %
KD %\ 100°C OIMETHE S N zgeH L W7z, SBROH
B SIS ASEEA RIS & L /ze TEC 24T 100°C Tl
BALPE L -G T, REEERINEARIRIC7 4 v AfEL
TOVALBRT PRSI Nz, FEHloER, EAR, HEZE
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Fig. 5 Appearance of coated tablets heated at various temperatures for 6 hours (a) without

TEC vapor and (b) in TEC vapor

Table 2 Weight, thickness, and diameter of uncoated and coated tablets before and after heating at various temperatures for

6 hours without TEC vapor and in TEC vapor

Weight [mg] Thickness [mm] Diameter [mm]
Uncoated tablets 200.6 £ 1.5 4.112+0.016 8.066 + 0.005
Coated tablets (before heating) 203.2+0.0 4.281+0.031 8.130+0.001
Heating
0°c Without TEC vapor 201.7+0.0 4.276 +0.028 8.120 + 0.006
In TEC vapor 202.2+0.1 4.258 +£0.039 8.126 £ 0.010
. Without TEC vapor 201.5+0.1 4.236 +0.027 8.114 +£0.011
In TEC vapor 202.4+0.0 4.252 £0.045 8.120 + 0.009
90°C Without TEC vapor 201.3£1.2 4.210+0.023 8.112 +0.008
In TEC vapor 202.3+0.0 4.219+0.021 8.119+0.010
100°C Without TEC vapor 200.1+ 1.7 4.190 +0.024 8.109 +0.012
In TEC vapor 203.5+0.0 4212+0.017 8.101 +0.006

Each value indicates the mean = S.D. (n = 10)

TERLIEIIC, FEHOKRGHHEET L L THERED
KM L7720 —F, TEC X N TOMETIL, TEC ZXD
HWIGE L AR THEADOE R TAVNE {, 100°C THI
B 7zgeAl o mRIE, MBLIERT ORI X D b3 h
KEL oz SFERIOEREEEIL, TEC ZX DA ML
Db S FMAREDS T RBICONTIELLE->TE
D, =T 4 VITEPRERINILERLTWA,
BMBESACINBILEE L 72 2 — 5 1 ¥ 7 e o in iR
D#R % Fig. 6 I2/R T, Fig. 6a it Fig. 3 1R LzT7—%
O—E L ) FHEEL T b, BITHTELE Lz X 9IS, TEC
HEADO R WIMBILELTIX, 100°C OMBRE T —7 1
YRR L, RO OWRASTTRETH o 720 —
TEC ZZ5 T CTOMBILILTIZ, INEGRIE 80°C LLEICH
WCT T YA LEATHHEL VIR HH 2 58T
o720 TEC AT TIMARIE L7-a—T 1 Y TTEDFE
T6] & Wi ia O B (5 % Fig. 7 12890 MBI 60°C T
1X, TEC ZRD % WEATIE L7286 L FERIC, &
TR ORI TR O N5z LA L, MMEGREE 80°C
T, BOTRHTPRECEE L7274 VAP S
720 TEC ZER D72\ 100°C THZ L7254 (Fig. 4) &
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WRTa—7 4 V7RI TBh, BELR7 4
VAP ENT2E 2 5N, ZD720, TEC ZXRD
2 100°C T L 720 —F 1 » 782X 0 b RYHUH R
FEDMET L7z MR 100°C Tld, I —F 4 ¥ 7N
MO W~ 7 4 VARIZR 72, LA L, nEdi
J£ 80°C & 100°C THMBIMHIIIRE 2T O Z
Wolzlz®, A—T 14 Y TTEDPEEZ BT 5720 DK
ik, MEGLEE 80°C THATH D Z LA RE NIz,
¥72, Fig. 5 THOMNS X 91T, AR 100°C TH S
N7gER O FRb I, WK 7 4 VAR S Lz
Z L THROHIELEER L2720, MR 7 1V a5
/bt EZ oMb, XD, TEC AT TOMELEE
C&oT, a—714 7 @EEESE5HEL 80°C 12
T3 ZEDTRETH Y, TEC ERD R WA & IERT
=T 4 Y TRBOXVBEER T 4 Vb E L7,

33 TECEARK T COMBMMIBICLZKEL H=ZX LA

()3

HIHTOMFITHBWT, TEC ZXA T TOMBILE T
i, LVEWRETOI—T 1 I EOREHITEET D
LI ERRLTZe TORANZALEHRWT B2, o
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Fig. 6 Drug release profiles of coated tablets heated at various temperatures for 6 hours (a) without TEC vapor
and (b) in TEC vapor. Each point indicates the mean + S.D. (n = 3). Heating temperature: O, 40°c; O,

60°C; @, 80°C; @, 100°C
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Fig. 7
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Scanning electron micrographs of (a) surface and (b) cross section of coated tablets heated at various
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Fig. 8 Appearance of polymer compacts before and after heating at various temperatures and various times (a)

without TEC vapor and (b) in TEC vapor
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Fig.9 (a) Wy and (b) T, of polymer compacts during heating at various temperatures in TEC vapor. The solid
line and dotted line of (b) indicate that polymer compacts exhibited a single T, and two T,
respectively. Each point indicates the mean + S.D. (n = 3). Heating temperature: O, 40°C; O, 60°C; @,

80°C; @, 100°C
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Table 3 Vaporization rate of TEC liquid at various heating temperatures

40°C 60°C 80°C 100°C
Vaporization rate of TEC liquid
. 0.24 £0.08 0.57+0.10 1.84+0.19 7.21+0.68
[mL/(m? min)]
Each value indicates the mean = S.D. (n = 3)
40°C 12 r
60°C
10
80°C 8 |
6 F

AW [mg]

100°C

-1.0

0 30 60 90 120
Heating time [min]

Fig. 10 TGA curves of TEC liquid at various heating temperatures
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X, TEC OZAEFHED LA L & b I TEC XA
L. Kol-SS~® TEC OV AAFEHHER T T, MK T L
28T, MBI ) a—T 1 YRS N,

4. & B

KifFeCid, WATFHETRLZI—T 1 ¥ 7T HH O
e TRE % R HAL T % 7200, WEIHITH % TEC BRDIHAE
T5EHAK T TOMBMMI AT 5 & & HIZ, TEC 2
RN X BRI A B = X L DM % 1T 5 725 TEC X DFF
TEL 2 WEPHR T T, S070 T, L EOIEAREE
SR ORI, G SEST L, INEEEE 100°C T3 —
TA v ITRREBRTE, EYRH ORI ZER L7z, —
i, TEC ZR DALY % FA T CTlE, MERE 80°C
DECTa—7 4 v ZRRNOES TR eI fae LT

y=1.502 x - 0.060

W,y at a heating time of 12 hours [%)]

4 R?=0.995
2
0
2 . . . )
0 2 4 6 8

Vaporization rate [mL/(m? min)]

Fig. 11 Relationship between vaporization rate of TEC liquid and
Wy of polymer compacts at a heating time of 12 hours,
under various heating temperatures. The solid line
indicates the regression line derived from all plots. Each
point indicates the mean + S.D. (n = 3). Heating
temperature: O, 40°C; O, 60°C; ., 80°C; ., 100°C

T4 aELzZ e T, R 2 BT R O — T 4
¥ I TEDIAWRE T o 720 FHTHIBMARE TEC EX
TOMBSLES 2 &, MBGREED BA & & b (ZHE RN
HBOREL %5 —HT, T, DL TAHER S 7z TEC O
ZRFEHUE BRI % 1UF 2 12 THREB R I 15
L. @3B AR ERERINER & MRS DH 5 2 LAt
MR ENTzo Z D728, MBI Z EIF 5 & TEC A&
BERL, =74 Y 7REHNOESFICRYATh S k&
P TT,2METF L. X5 T, TEC &K FTONk
WEZ XY, T—F 4 ¥ 7V EORBI LR R TREL T
BT EDWREICH B L BIR LTz,
SHROMIETIE, PP ARQTE R &I LY
25 TEC & 573 2 3R 0T B3 0 AR T i o0 58 H ] e P <
I—F 4 Y TREST L ORE MG DEE IS HIC
T HMET 2T o

Nomenclature
A : base area inside aluminum pan [m?] W : rate of weight increase [%]
M : molecular weight [g/mol] W, : weight of polymer compacts before heating [mg]
¢t : heating time [min] W, : weight of polymer compacts after heating [mg]
V' : molar volume of gas in standard conditions [L/mol] AW : change in sample weight [mg]

VR : vaporization rate of TEC liquid [mL/(m? min)]
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