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1 Fluidized bed g lato 7 Strain am p- 12 LASER
2 Distributor 8 Recorder 13 Amplifire
3 Bag filt 9 Flow meter 14 Data recorder
4 Blower 10 Probe for bubble 15 Micro computer
5 Pressure tap 11 Photodetecter 16 Digital oscilloscope

6 Pressure transducer 4

(Dimension are in mm)
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Figure — Diagram of optical probe
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Figure — Pressure drop curves of three kinds of distributors
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Figure — Relationships between volume mean diameter (D ,)
of bubble and pressure drop of distributor (AP )
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Figure — Illustration of motion of bubbles and
solid particles in tapered bed

Gas velacity : large
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Table - Experimental conditions of fluidized bed granulation

Experimental material Lactose/cornstarch = 7/3
Bed-material inventory (kg) 5

Binder (HPC-L) solution (% w/v) 5

Nozzle diameter (mm) 1.8

Type of spray nozzle Binary

Position of spray nozzle (mm) 460 (from the distributor)
Air pressure of spray nozzle (kPa) 19.6

Air temperature (°C) 60

Feeding rate of binder solution (g/min) 100

Air flow rate (m3/min) 3.4
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Figure - Relationships between average particle size (Ds,)
and moisture content (W)
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Figure — Relationships between geometric standard deviation of
particle disutribution (0 ) and moisture content (W)
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Figure — Relationships between bulk density (0 ) and moisture

content (W)
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Core material .
Wall material Dissolved Ethanol
Water soluble
macromolecule
. - ddi .
Stirring oWy Dissolved Water

(continuously)

Microencapsulation

| (capsule slurry)

I
| Pouring into water |

(under stirring)

Filtrating

(400 mesh) (b)

(at 40°C) \

(| B BRI

Figure — Flow diagram of microencapsulation
procedure
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Figure — Apparatus for microencapsulation

(a) Container reserved the core material and wall material solution
(b) Water bath  (c) Stirrer  (d) Peristaltic pump (e) Reserver for
the water soluble macromolecule solution
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Table — Physical properties of the coagulated AEA by the addition of various
kinds of water—soluble macromolecule aqueous solution as a phase
separation agent

Water—soluble Form of Particle size D.egree.of

macromolecule coagulation (um) clrcE.l_I‘;:rlty
Water indeterminate form - 0.617
HPC-L spherical form 130.4 (39.7) ® 1.000
TC-5R spherical form 40.7 (8.5) 1.000
MC-25 indeterminate form - 0.722
PVP K-30 spherical form 119.8 (29.9) 1.000
CMC-Na indeterminate form - 0.407
PEG 6000 indeterminate form - 0.596
PEG 20000 indeterminate form - 0.506
Gum Arabic spherical form 10.9 (3.5) 1.000
Dextran 40 indeterminate form - 0.422
Gelatin micro—spherical form 10> P 0.994
Pullulan indeterminate form - 0.401
Sodium Alginate indeterminate form - 0.642
Polyvunyl Alcohol indeterminate form - 0.665

a) The data enclosed in parentheses are SD. b) Less than 10 ¢ m. c¢) The data are expressed as means (n=1).

Figure — Photomicrographs of the coagulated AEA
as a wall material

(a) Coagulation by the addition of water as a phase separation
agent

(b) Coagulation by the addition of PVP K—30 ag. solution as a
phase separation agent
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Figure — Photomicrographs of Tocopherol
acetate microcapsule
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Table — Physicochemical properties of Tocopherol
acetate microcapsule

Apparent shape spherical
Biaxial mean diameter (£ m) 65.7 (13.0) a)
Elongation (=) 1.34 (0.28) a)
Degree of circularity (=) 1.000
Content of Tocopherol acetate (%)

%5?2(3;;?21%3 (before wash) 106.85

- — (after wash) 94.60

a) The data enclosed in parentheses are SD.
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Figure — Photomicrographs of the oily material microcapsules

(a) Menatetrenine, (b) Phytonadion, (¢) Ubidecarenone
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(Dried powder) (After immersed in water)

(a) (b)
Figure — Photomicrographs of Tocopherol acetate microcapsule
(a) Prepared by the filtration procedure

(b) Prepared by the fluidized bed granulation method
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Figure — Dissolution curves of Clofibrate microcapsule

O : Control sample
O : Clofibrate microcapsule (1) (60 % content)
@ : Clofibrate microcapsule (2) (67 % content)
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His-Ser-Asp- Gly-Thr-Phe-Thr-Ser-Glu-Leu-
Ser-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gin-
Arg-Leu-Leu-GiIn-Gly-Leu-Val-NH2

Figure
Amino acid sequence of secretin.

Figure
Diagram of the surgical procedure of nasal
absorption in the rat.

AHussain, S.Hirai and R.Bawarshi, J. Pharm. Sci., 69 (1980)
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Figure

The dependency curves after Intranasal
administratien of secretin Iin rats.

The data are expressed as mean + SEM.

a

. Slgnificantly different (p<0.05) versus

pretreatment study.

—O— , Administration of active

preparations (n = 4 - B).

—@&— , Resulls of pretrastmant study

fn=3-7.

30
=
e 20
o
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Z
10
1]
Figure

.0 ©0.5 1.0 1.5 2.0 2.5
Osmotic pressure (mOsm) X 10

Osmolarity-dependency curves after
intranasal administration of secretin

in rats.

The data are expressed as mean + SEM.
—O— ,NaCl solutlon (n=5-7).

—&— , Sorbitol solution [n = 3 - 5).
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Amount of secretin permeating (%)

0.0
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Figure

Amount of permeation of secretin from the
donor cell to the receptor cell at various
concentrations of sorbitol. -

The data are expressed as means (h=2).

Figure

Preparation procedure
of W/0/W emulsion

(First step: preparatien of w/o emulsion)

(5.4 ml/ mn)

Internal aqueous phase
{pH 6.33 Isotonic
agueous buffar)

wio emulalon

External aqueous phase

(pH 6.33 Isotonic aqueous butier
contained PSMO 80)

Volume ratio ; Internal agueous phase : Oll phase : Exiernal aquecus phase
=5:3:8
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4 |
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Etfect of the addition of several types of additives in the Internal
aqueous phase of wiahw emulsion on the formation percentage of

Figure the emulsion.
Etfect of the addition of varlous types of sodlum alkylcarbonate In the {8} Conlrol, (6] PSHO 80, ¢} Sodium ehiceide, {d) Sorblio,
internal aqueous phase of wio/w emulsion on the formatlon percentage The dala gre expreased os means (n=2),
of he emulsion. Qamolarity: Sodium chloride, 0,45% (wv) = 425 mOsmikg Hz0;
(a) Control, (b) Sodlum proplonate, (c) Sadium eaproate, (d) Sodium caplylale, 0.0 % () = 561 mOamkg HeO;
(=) Sodium caprle. i 18 % (wlv) = 836 mOsm/kg Ha0;
The dat gre expressed as means (n=2). Sorbitol 128 % (W) = 441 mOumAg H20;
56 % (wiv) s 597 mOsm/kg Hz0;
11.2% (Wh) = 530 mOsmig He,
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Figure

Effect of the addition of various types of sodium alkylsulionate or sodium alkylsuliate

In the Internal aqueous phase of wiohw amulsion on the formation percentage of the emulsion.
i) Conirad, (b} Sodium butumesulfonate, {c) Sodium pentanssitionats, {d) Bodium hexanssulionse,

(#]) Sodium hapianssulfonmie, (1) Bodim ocianesulionie, (g) Sedb [ 8 i
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R-BEREOMENET
HEE (B fL) Mannitol  Lactose Sucrose  D-Sorbitol  Xylitol Erythritol
Particle diameter " (um) 25.036 31.041 26.975 16.952 17.888 26.877
Specific surface area 2 (cm2/cm3) 2974 3347 3362 8226 4236 2849
True density 9 (g/cm3) 1.4952 1.5564 1.5966 1.5124 1.5354 1.4576
Dissolution rate ¥ (mg/sec) 0.4204 0.8274 0.2644 0.2723 0.5278 2.6669
OC%(w/w)] 218.55 23448 2079.91 2440.03 1785 583.76
Solubility % in ethanol 25 92.51 58.5 1323 1642.99 1171.03 3545
aq. Solution at 25 °C 50 315 14.51 354.51 805.49 595.49 186.5
(mg/ml) 75 6.51 1 51.51 150.48 146.48 4852
100 _ 1 1 1 3.51 _ 5.5 45
VNAVTUR(ARERE) L ——Eif/FEASHE2 R EE
AL—H—Ef/BEARHEIRTLEIE S ) A—2—
4)BRB/R V3% K, 100rpm, 900mI(37° 5)75 K%
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Crystal Engineering

Dru
: : :/ ) New Crystal COFORMER = EXCIPIENTS
X X | A Nothing Special!
+ » AVA

4 2 1 S Cocrystal/
9 W M Excipients  Salt
L 2 £ 2 4

Crystal Structure

Physicochemical Properties

Rationalization
based on the
crystal structure

Upper Lotng Cam

S SWass e A drug to treat rhinitis allergy,

1 = Urticaria, and inflammation.
= * DES suffers from poor mechanical
properties

The Origin of Poor Mechanical
Behavior = Zig-zag structure

Capping in DES Tablet




Crystal Engineering
Approach for DES

Zig-zag Structural

Structure Collapse

5

Tensile Strength (MPa)

Physicochemical Properties
Alteration

5 | Tabletability .. .. Flowabili
2 | Flow properties  |DES | DES-BA |
Carr index (%) 42.73 20.82
5 1.75 1.26
| DES very poor _fai
51 Physical
0 : . .
0 100 200 300
Compaction Pressure (MPa)
0o Elastic Recovery
08 -
o7 | DES
2 06
[
o DES-BA
014 }\L,T |
o T T

0 100 200 300 400
Compaction Pressure (MPa)




Gliclazide (GLI) and Metformin (MET)

o NH NH,
0P 1 P GLI and MET are drugs
S~ N SNTONT ONH
N 2

N N | N for long treatment for
GLI MET diabetes
o) @ Both are used in single therapy but
“ combination provides better therapy result
GMET such as glycemic control and lipid index
HOWEVER
o GLlis not soluble in aqueous solution Y Shortcoming to be tackled
o MET appears to be hygroscopic by Crystal Engineering

Physicochemical Properties Alteration

Hygroscopicity Dissolution Rate* Solubility Study*

100
§70 -#-Sorption -e-Desorption 5 80 Compound Kinetic Intrinsic
¢ |Gu 5 @G GL-MET Solubility  Solubility
8 35 o
g §22 -/._._.__,__.__.—--—-—o GLI 1.435mM  0.183 mM
s R 70 10 20 3 40 s e 70 so oo |GL-MET 2.638mM  0.213mM

TIME (MIN) *) MET is very soluble in aqueous solution

Plausible Mechanism of Properties Changin

\ H20

Vapour

e VL L N
channel oge Solvent
et GL— @%@%@

40
Target of RH (%)

- Through salt formation, hygroscopicity of MET is reduced significantly
- GLI-MET crystal appear to have higher solubility and faster dissolution rate

Mass Change (%)

Mass Change (%)
w
&

o




The First Evidence of Channel
Structure

(010)
i .
e 5 (100)
m t=0 min t =2 min

(001)

%MMM %

(100)

o The first direct observation of the solubilization mechanism

in which hydrophilic and hydrophobic phases on the crystal
surface was obtained

o Hydrophilic and hydrophobic are related with channel
structure

(010)

Benexate hydrochloride (BEX-HCI)

+ Acute and chronic gastritis, used as — Commercial Ca_"su'e& m
) * | inclusion complex with
a remedy for gastric ulcer. i
- . cyclodextrin.
+ It has low solubility and bitterness.
» Commercial products are capsules.

. Host drug Guests
(o] o]
o Ny &
o~ \N@
° i PPN
gersy ® e
N7 © Na
I N Acesulfame K
| T /

It absorbs moisture under high
humidity and dissociates.

- (ASF K)
BEX  L_.™ _J s
di VAN
Guanidinomethyl group o
Saccarin Na 0\\ //0 ®
(SAC Na) N/s\oe Na
H
- - Cyel N
BEX * - Cl~ + Coformer ~-Metal * e aae e




350 Additives
@ Sweetner

300 @ Cyclodextrin

o Cl

250 ® BEX

(mg)

200
150
100

Formulation

50
0

®

Salts Solubility (pg/ml)
BEX-HCI 104.42
BEX-CYM 160.53
BEX-ASF 311.18
BEX-SAC 512.16
g 12 Cyclodextrin
% 12 complex
% 10
5 8
6
B 4
s 2 BEX Salts
0

0 1020304050 6070 80 DVS

RH (%)

Cyclodextrin BEX-SAC

Formulation

» ¥ O

Succeeded in miniaturizing
the formulation
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(The 100 most stable polymorphs for each conformer are shown.)

Ecrystal / Density diagram of the simulated output stable
1 1.35 A
=0 = 1130
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o
& . ] o
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- 1115 2
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A eB +C =D
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Enthalpy (kcal/mol)

Form B (BF#258) IX. (Ecrystal) W &IE. —
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BEXiE &
By,
Triclinic, P-1, R,= 4.05 %
Z,2'= 2,1, pcaic= 1.32 glcm®

=E&% or in Silico
I=4HIEE Y

Triclinic, P-1, R=3.4%
Z,2'=2,1, pcaic= 1.37 glcm®

BEX-CYM

¢
N

Triclinic, P-1, Ry= 4.2 %
2,2'= 2,1, pcaic= 1.32 glcm®
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Triclinic, P-1, R=3.44 %
2,2'= 4,2, p = 1.35 glem®
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BEX-ASF (Form Il)

Monoclinic, 12/c, R;= 3.2 %

2,2'=8,1, pog= 1.41 glem®
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