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Dissolution Characteristics of Composite Particles Using a Spray Freeze Drying
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A spray freeze drying (SFD) method, using a spray nozzle, liquid N, and a lyophilizer, was developed to prepare
composite particles of a poorly water-soluble drug. The resultant particles were found to have a porous structure. The
purpose of the present research was to prepare a sustained release formulation using the SFD technique. Tolbutamide
(TBM) and Eudragit S were used as model drugs and pH-dependent carrier, respectively. Eudragit S is a polymer that is
soluble at or above pH 7.0. Morphological evaluation of the composite particles revealed that they had a porous struc-
ture with a significantly larger specific surface area than bulk TBM. The physicochemical properties of the particles were
found to be dependent on the drug to carrier ratio, with the crystallinity of the TBM decreasing as the proportion of Eu-
dragit S increased. Dissolution tests in solutions of pH 1.2 and pH 6.8 showed that the release profiles of TBM from the
SFD composite particles were improved compared to bulk TBM, through the use of the pH-dependent carrier. On the
other hand, following compression of the composite particles, sustained release was observed in a solution of pH 6.8,
whereas almost no dissolution occurred in a solution of pH 1.2.
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2-1. REAKROFAE  TBM & Eu-S OHEHK
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1%7 >8Z7KZERY, AR SE Uk, #EA
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%, WHEWEEE (SD-1000, FETERRIEME) 12T 2
WAk 2V EFRAL, WRIRENER, JEME22RE
7Y 30 kPa, FRHA R 2 W B A% 20 ml/min TR

Table 1. Composition Ratio of TBM/Eu-S System

1:1 1:3 1:5

TBM bulk (g) 4.00 2.00 1.33
Eu-S (g) 4.00 6.00 6.67
1% Ammonia water add add add
Total (ml) 400 400 400

ZFRPICEZEL, BEKRELE R, 500D
MR & —35°C 1T & U 7= BAS Ho 1% (FD-550,
R RLERA) [T E AN®%, —35°C T
REREARFIGBRICHIEL 2. IR 24
MR, ERCEZERIREE DY 30°C, FRHKIE S/ 6.67 Pa DA
T&ELE.
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wELTTBM EEuSZ21:1,1:3,1:508%
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IV ZEE & S8 (Scientific Industries, Vortex-Genie
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Fig. 1. SEMs of Samples
A; TBM bulk, B and C; Eu-S bulk, D; TBM : Eu-S=1 : 1 SFD, E and G; TBM : Eu-S=1 : 3 SFD, F; TBM : Eu-S=1 : 5 SFD.
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Table 2. Physicochemical Properties of Samples

Particle size Specific surface SFD/
(um) area (m?/g) TBM bulk
TBM bulk 32.9 0.04 —
Eu-S 35.7 22.40 —
1:1SFD 26.1 29.74 774
1:3SFD 27.8 41.41 1035
1:5SFD 25.3 43.84 1096
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Fig. 2. Powder X-Ray Diffraction Patterns of Samples

A; TBM bulk, B; Eu-S bulk, C; TBM : Eu-S=1:1P.M., D; TBM :
Eu-S=1:3 P.M., E; TBM : Eu-S=1:5 P.M., F; TBM : Eu-S=1:1
SFD, G; TBM : Eu-S=1 : 3 SFD, H; TBM : Eu-S=1 : 5 SFD.
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Fig. 3. DSC Profiles of Samples

A; TBM bulk, B; Eu-S bulk, C; TBM : Eu-S=1:1P.M., D; TBM :
Eu-S=1:3 P.M., E; TBM : Eu-S=1:5 P.M., F; TBM : Eu-S=1:1
SFD, G; TBM : Eu-S=1 : 3 SFD, H; TBM : Eu-S=1 : 5 SFD.
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Fig. 5. Release Profiles of TBM Bulk and SFDs (pH 1.2) (n
=3)
<; TBM bulk, O0; TBM : Eu-S=1:1 SFD, A; TBM : Eu-S=1:3
SFD, O; TBM : Eu-S=1:5 SFD, HM; TBM : Eu-S=1:1 P.M., A;
TBM : Eu-S=1:3 P.M., @; TBM : Eu-S=1: 5 P.M.
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Fig. 6. Release Profiles of TBM Bulk and SFDs (pH 6.8) (n
:3)
<; TBM bulk, O0; TBM : Eu-S=1:1 SFD, A; TBM : Eu-S=1:3
SFD, O; TBM : Eu-S=1:5 SFD, M; TBM : Eu-S=1:1 P.M., A;
TBM : Eu-S=1:3P.M., @; TBM : Eu-S=1:5P.M.
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1:1 1:3 1:5 1:1 1:3 1:5
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pH 6.8 49 37 20 33 44 54 95
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TBM, Eu-S & B IZHEMMENRIFTH DK 30 79 TH
P 2R 100% & 72> 7=, 2 2T SFD &KL 728
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FNIEHAN S ZRIThN I /R DI > h—
AL,
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Fig. 7. Release Profiles of Compressed SFDs (pH 1.2) (n=
3)
<; TBM bulk, O0; TBM : Eu-S=1:1 SFD, A; TBM : Eu-S=1:3
SFD, O; TBM : Eu-S=1 : 5 SFD.
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Fig. 8. Release Profiles of Compressed SFDs (pH 6.8) (n=
3)
<$; TBM bulk, 00; TBM : Eu-S=1:1 SFD, A; TBM : Eu-S=1:3
SFD, O; TBM : Eu-S=1 : 5 SFD.
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D EEMEZE R L 72

WTND pHIZBNWTH, MFRIREOFREIZR
B0, HRHLEFYU 7 —0OMHEZ HICHEEL =
ERE/DZEMNTERZ, L, FYUT—2E
B & 2 Y i ISR E D B D Z & 2R
L7, §hbb1:3&1:5DRIEREICITETH
500, FETIEWEHEEEZ> TWEOT
b5,

7. EMHE AN =X LDKE Kimura 517
WEES S THERL ZFRERICDODVWTHEMRA T =X
LAZEBHLTWS, 22T, SEILKRITRT HEYK
HEER Eqs. (1)-@)ANDT 4w T 1 27 2T
WA I Z XL DWW TR L 72,

Zero-order kinetics

Qi=Qo— kot (1)
First-order kinetics

In Q;=In Qy— kit (2
Higuchi’s model

Qi =kpt!? 3)
Hixson-Crowell model

Qi*— Qi =kit @

Egs. (1), (2), () D Q IIHM t lITHB W THLE
UGBS E, Qo 3wl ME, ki id 0 KFEY
WHER, k& 1 REW R EE, ks 13 Hixson-
Crowell IZB T2 EYBMHEHTHS. Eq. B)H
D QIR t TR T 2 HE MM E, ky Id Higuchi
RICBIT2HEYMEERTDH 5.
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BEEK T OEMKIEMmE Wz, &8> 7L O
RBERICBIS 1005300 0FETOTOY &
BHHET N ORITY TIZD, WY HHEE &5k %
B LU £, PhoimA =X LR Z R
Z+7=. Figure 913 TBM : Eu-S=1: 5 ® SFD §¢®
pH 6.8 IZHB 17 % i il B i R % Eqs. (1)-(4) [T
B3R ER U, SEIIRI IR 5 72 3Mho
AEHZDOWTH ZORREFAKTH D, TNEND
AR DY I E TR E 2 2 FE L, Table 41
R~ LU Jz. Table 4 705, 4 E DR E Tlid Higuchi’s
model B) DEEGHENER® EEWI EZE/RL .
Higuchi’s model I3 /KA EMZ SO NI w7 R
NS OEY BN EERTETINTHS. EuSH
PpH12IZBWTARIAT, pH6.8 TIRfEIT D L %
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Prots of Released Drug of TBM : Eu-S=1 : 5 SFD Tablet in pH 6.8 Based on Egs. (1), (2), (3) and (4)

Table 4. Results of Release Constants, and r2s Calculated from Egs. (1), (2), (3) and (4)
pH 1.2 pH 6.8
Release model
1:1 1:3 1:5 1:1 1:3 1:5
Zero-order k(1073 mg/h) 2.450 0.768 0.727 21.40 8.290 7.230
r2 0.923 0.913 0.943 0.976 0.951 0.975
First-order ki (1073h Y 0.240 0.077 0.073 3.070 0.924 0.784
r2 0.928 0.914 0.944 0.998 0.966 0.984
Higuchi ky (10~ mg/hY2) 0.464 0.146 0.140 3.924 1.545 1.326
r2 0.998 0.994 0.996 0.991 0.999 0.991
Hixson-Crowell ks (103 mg!/3/h) 0.174 0.055 0.052 1.940 0.640 0.548
r2 0.926 0.914 0.943 0.994 0.962 0.981
EETHE, ZOZEMNS, pH1.2 TREAEMEY EBHIREL .
N w7 ZZ L TV DY BOEE TR FE L " o
]{I=] Em

THHaENnNsd. —F, pH6.8 TlEA~x MU w o X %
R L TS @5 & M FIRF I VAR L TR
BHENDEEZS5NS. EERSEIKAZERL TY
5701, KEBEML 72 TBM ISBREIIZEE T %
bOEEZLN, TOEHOHIEZ Eu-S /3#H-> T
W EEAGND. EVREHEEERZAS &,

Higuchi’s model (3) 727 T/ <, &2&KWIZF vV
7 BB ENINS MBS0, Wb ERE L
TWwa, LML, F+r U772 EENHSZ

SFD Zfl\wb Z &Ik 0, ki i, HLEmE
DK, FERDEUR DRI & 2 &S &k DK R A3 a]
REE/RD, EAEK TIIRLIER & g U CrafRk
M LUz, o85G, Mt < B nmn
N, BEKTZIEM L 725G, RIEOZEEH
fL, A1 R5F v bOFED pHIKGEMENFHES
n, EYREZEHET S LNt TH o 2.

PlEXD, SFD%EICK > THE L -8 &k T
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