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1) Development of a simple and practical method for estimating the liquid absorption of
pharmaceutical porous materials using a capillary rise technique.
T. Oba, K. Tahara, Y. Kato, R. Sonoda, Y. Kawashima, H. Takeuchi
Advanced Powder Technology; 29 (2018) 3210-3219.
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Table 1-1 Pore size, Specific surface area and True density of FR, Neu and Syl

. Particle size Specific surface Pore size True density
Porous material 2 3
(um) area (cm/q) (nm)* (g/cm?)*
Florite® RE (FR) 29.9 152.9 152 25
Neusilin® US2 (Neu) 92.9 284.3 5 2.2
Sylysia® 320 (Syl) 3.2% 261.5 21 2.2

*cited from manufacturer’s catalog
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Fig. 1-1 SEM photos of various porous materials [ a) FR, b) Neu, ¢) Syl ]

Table 1-212 138 Z ALIMEWHE & OB (Z W e S FA RO 2 "3, RS, FRlR .

FREITINZ, SO DFRER & 72 2 LEh BRI R DI A3 IR LTz,

Table 1-2  Viscosity, surface tension, density and Relative dielectric constant of various solvents

Solvent Viscosity Surface tension Densi3ty Relative dielectric
(mPa - s) (mN/m) (g/cm”)* constant*
Water 0.89 72.3 0.99 78.4
Ethanol 1.20 24.1 0.79 25.3
Dichloromethane 0.44 30.4 1.33 8.9
Glycerin 924.7 65.2 1.26 46.5
Acetone 0.32 26.3 0.78 21.0
Hexane 0.31 204 0.68 19
Chloroform 0.56 29.9 1.53 4.8

*cited from “Handbook of Chemistry: Pure Chemistry, 5th ed.”(Maruzen Publishing Co.,Ltd, Japan)
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Fig. 1-2 SEM photos of various compressed samples [ a) FR, b) Neu, ¢) Syl, d) P-CaSiO; ]
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PEDORVEELT, 7 A BLEMRE~DIHF BN THN T L EE 2 b, £, 7V &Y
U, HEARRME S m DS REESI R ORE R EmW 2D ERE R & ORAENKD 572 &
ALY g

Table 1-3 Contact angles for the compressed porous carriers using the sessile drop method

(mean+ S.D., n=3).

Sample Mean contact angle (°) and cosé in parentheses
Water Ethanol Dichloromethane Glycerin
FR 24.41 + 3.29 17.99 + 0.52 17.72 £ 1.28 69.60 = 1.87
(0.91 + 0.02) (0.95 + 0.00) (0.95 + 0.01) (0.35 + 0.03)
Neusilin 22.58 = 0.93 19.99 + 0.33 17.00 = 0.79 63.28 = 3.21
(0.92 + 0.01) (0.94 + 0.00) (0.96 + 0.00) (0.45 + 0.05)
Sylysia 25.64 = 0.26 22.25 £ 0.57 20.92 £ 1.69 71.19 £+ 3.16
(0.90 + 0.00) (0.93 £ 0.00) (0.93 £ 0.01) (0.32 £ 0.05)

% 3 H  RJAEIE T AR SR K % Rl
SR e 2 FLIMEVE DA FLIC R =RENIRIR S D T2 01ZIE, MIFLA~DEL 7R B ENE F

N5, HIETEAMWE OFEIREE & AFEGEORIVEZ FHE L7223, EBREOBRIKRBIRIZ L Vi
VIR CTE AL & I O FnME 2 R4t 9~ % 729, Washburn &8 EFIEZJRE & 9 2 5k HlE
LEE A O o Rk IR 2 S0 L7 (Fig. 1-8) . ARSEERIT, iR Tl STRBLEM O Z LMW E ~D
Wit 2 52 Z LIS K0 . IR ES IR T TSR AR 5 2 L 2 B E LTS

DS EIE 2 DN T35 6 BRBROZEE 2R 970 8 5 e ETHEGET 5 2 & & LT, Mahhs R & Fig. 1-4
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Recorded the weight of probe during
experiment

Micro Balance K———

Sample was put in a probe and hung
from a microbalance hook

Liquid

raised slowly until the lower end of
the probe contacted with the liquid

A A A A A A
NV VIV

Fig. 1-3 Schematic representation of the automated surface tension measurement system for the

absorption experiment.
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Fig. 1-4 Comparison of the capillary rise kinetics of solvents and drug solutions for FR powder sample
(each plot shows the mean, n= 3); (a) close symbol is diluted HCI; open symbol is 4% LVFX
solution in diluted HCI. (b) close symbol is dichloromethane; open symbol is 10% LVFX

solution in dichloromethane.
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Fig. 1-5 The Kinetics of the capillary rise of dichloromethane and drug/dichloromethane solutions in FR
powder samples; (@) results of dichloromethane, (A) results of LVFX 10% in dichloromethane,
(<) results of ITCZ 10% in dichloromethane, ([J) results of ITCZ 20% in dichloromethane.
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Fig. 1-6 Kinetics of the capillary rise of solvents for various powder samples (each plot shows the mean,
n = 3); (A) Result of FR, (B) Result of P-CaSiOs3, (C) Result of Neusilin, (D) Result of Sylysia.

Table 1-4 Mean absorption amount (mL per 1 g of porous powder) of various bulk powder samples (mean,

n=3).

Powder samples

Absorption amount per 1g of porous powder

Water Ethanol Dichloromethane Glycerin
FR 7.96mL 7.47mL 7.19mL 7.39mL
P-CaSiO; 0.89 mL 0.87 mL 0.94 mL 0.30 mL
Neusilin 4.68 mL 4.38 mL 4.76 mL 5.07 mL
Sylysia 6.08 mL 6.12 mL 5.95 mL 3.67 mL
Table 1-5 Mean absorption time of various bulk powder samples (mean, n= 3).
Powder samples Absorption time

Water Ethanol Dichloromethane Glycerin
FR 2.1 min 4.7 min 1.8 min 430.6 min
P-CaSiO; 1.2 min 2.6 min 1.2 min —*
Neusilin 2.1 min 3.2 min 1.0 min 56.1 min
Sylysia 7.9 min 11.5 min 4.2 min —*

*Absorption amount did not reach a plateau in the maximum measurement time (12 h).
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INTDE S lpowderss BRI F- N OFMFLIS L ORI D ZEBR D AT N voia) 225 (4) 125> T
K (K from calculation) #% L7z, ZhH2OoDOKEHERT 5 & IZERFEO/RN GBI, FRIC
FRICEE L TEWHRBE AR L7= (Table 1-6, Fig. 1-7), A FiE. Y%k EBR 2%, Washburn=uZ
O ERIFEORRLES ZLEARLTWNWD EEX LIV, —F, NeukOSYNZHT %KD
WHRIZIRBWNT, Wik 7 v 7 7 A VOARNSHE LN ZKITE I LK E I L TS hoTe, Zh
[T, NeuM O'SylD EFIZAFAET 2 MIFL & IR R T RE 72 AL & DT O TEBED & 2 FREME

ZRBELTWD EEZX b,

Table 1-6 K from the slope of the absorption kinetics, and K from the calculation using various

parameters of the solvent and powder sample.

Water Ethanol Dichloromethane Glycerin

K from slope of FR 0.0857 0.0160 0.1149 0.0004
absorption kinetics P-CaSiO; 0.0862 0.0127 0.1226 0.0018
Neusilin 0.0489 0.0167 0.2669 0.0011

Sylysia 0.0130 0.0060 0.0517 0.0001

K from calculation FR 0.0791 0.0131 0.1180 0.0000
P-CaSiO; 0.2292 0.0379 0.3418 0.0001

Neusilin 0.1809 0.0291 0.2669 0.0001

Sylysia 0.0350 0.0057 0.0517 0.0000
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Fig. 1-7 Relationship between the K from the slope of the absorption kinetics and the K from the
calculation using various parameters of the solvent and powder samples; (A): Result of FR, (B):
Result of P-CaSiOs3, (C): Result of Neusilin, (D) Result of Sylysia.
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T, HEEVREE 2R L= & ) — WA AR B & R U7z, B R iR K Ot
FERIL, K & B RBEEI T D SR ER T Ae 2 o 722y, 7 mr b A R ONF
VORBRE R R L2 L & RERAOE N B RV AOFREVEE R LT (Table1-2) Z &
Nh, REBEDDPEODTPILA~ORBIZAF EZZ O, £T2, 7T b ROV U DRE
WEA R LT & & FEENEWT ' O REWEEZ /R L7z (Table1-2) Z &6, fbEn
BV DNRBICAN EBZ BT, LLEORERNS, RWVRE R OEWERREES, Wits A9 5%

BEDSHFLA~DIREIZIBWTHFIE EZ Bl FHTHENRGIIRESZET L LE2 LN,
Table 1-7 Calculated permeation rates of various powder samples using K from the slope of the
absorption kinetics.

Permeation Rate

Sample Water Ethanol ~ Dichlorom Glycerin Acetone Hexane  Chloroform
ethane

FR 0.094 0.011 0.223 0.001 0.052 0.023 0.411

Neusilin 0.052 0.011 0.503 0.002 0.052 0.026 0.501

Sylysia 0.014 0.004 0.099 0.0001 0.014 0.007 0.109

RIE~DIRDIZFET, —RICEEFHZIC L > TBIERIIND EEZ BTV S, Washburn
X, MR ~DIRDIZZEZ T L. Washburnd = [F (1)] #3872, Washburn DT KA,
B EA~DIR DR T T IRIE 3617 5 Bl E O RATERI TR Ry (A PR K UYL - P O HIFLEE) |
AR OWE CREEE R ORTEIE ) W ONC A TR SN D R & IR E O BEIER TikE 5% %,
Fujimoto H 13 ALIET A BRI L2 D DD RIALA~DIRIZ IV TK LY b REE DR\ & )
—LDOHFREVEFELLTNEELRL TN 2, WashounD Xz EET 5 &, REESEOIE
D DNRBAR & 720 | AR TN LI ERORE RIT %Y EFE AN, WERICER
5 & WL OEREE S BEZ AT 556, FiE COMEERIEEREROBEZ [ L
SEDEVIMERDHHY, BIERHEA YT/ — VR L WA A5 7 A BALAMBHER L
KD £ D 7R AAE U, VR ORI AMET Lz & B 22 & YoungDUZHE Y,

HAMED A B35 LB R BTz, RAEAITIE, IOREZ IR L S>>, RimiE) KO
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RRE LR L DRIRE LV FEMICHERR T 5720, KEORLR DKM ) & LK 2z
W IR 2 AT o7z, L7277 U & U KR OYME A Table 1-812R"3, R L7277V kY
> KR A AV TN L7 IR A RO D REHE A L, 2R ORI & 23 8 E O
BfRE 7w k L7z (Fig. 1-8), ZOfER., K L 2B EEITWHBIOBRICH 5 2 & M R S h
Too ZHUE. BEEOREEE DS @ ME EEBEA AR OMALNICRE LIZK <25 2 L ZWMITR LT

50 HIREE O IO TR E D m W 2 S ICRIE T 25 A 1R, KEORENLATH D

EEZ LT,
Table 1-8 Viscosity, surface tension and density of glycerin solution in various concentrations.
Sample Viscosity (mPa * s) Surface tension (mN/m) Density(g/cm?®)
Water 0.89 72.3 0.998
20% glycerin 1.45 71.4 1.049
40% glycerin 3.07 69.9 1.102
60% glycerin 8.70 68.2 1.156
80% glycerin 44.97 66.4 1.211
100% glycerin 9134 65.2 1.268
010 1 12
_0.08 R _
5 08
% 0.06 o E
2 004 g
- 04 2
: : :
°
0.02 o2
o
°
0.00 . © 00
0 50 100

Concentration of Glycerin(%o)

Fig. 1-8 Relationship between the permeation rate and viscosity in the FR absorption experiment using

various concentrations of glycerin (closed circle: permeation rate; open circle: inverse viscosity)
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AREITIE, SFEED L ILEME IOV T, JEMS &2 W TR EBr 2 3406 L. kbW, ki1
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(inter and intra pore volume = 0)

Fig. 1-9 The expected relationships among tablet volume, absorption amount, and the inner condition of
the tablet in the absorption experiment using compressed powder samples.
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LA D B — 27 PLIOTORER S AL, EAVE IR BRI TR NMIAL Thd D L HEE STz,
LT OEERIAREA0.59 cm® & 1N0.51em* D [EAERRHT DWW T, B T-PIRIFLES e OSIAL AR 3 28
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Table 1-9 Inter and inner pore properties of FR tablets from mercury intrusion porosimetry (n = 1).

Tablet volume Tablet weight (g) Intra pore diameter  Intra pore volume  Inter pore Diameter
(cm®) (nm) (cm®/g) (nm)

0.59 0.08 197.05 3.9184 7699.3
0.51 0.08 190.02 3.8157 5818.8
0.34 0.08 146.26 2.8318 2126.3

%2 T ZALMEWE OGN & O TR FEBR I L 2 A LR
ATEE CHREL U 7=, L2 ORFE OFRIEAFFE - W TR ER 217 > 7=, #EE % Fig. 1-10127~7,

Boni7a 774 0ME, MEL W=7 74 (Fig. 1-9) LIFIEREUHER L 2o 7=, BiE
THEEB LT L D1, WEESESN TRV EHE SN0 7 12 v kbR L7z B E
AT &0 HEE S T2 R I R AT RE 220K+ N AL A B IE L gOFR® 72 0 £94.0 mLTH - 7=
(Fig. 1-11), ZOfEIE, KEEEAFR T A U —IZ X o THIE S 7R F-MIFLAFE (3.9 mL,
Table 1-9) L[RIFEEEThH o7z, AFERIL. ZIMEWE % M L 72 ilB 2 W7o ik 325z L 0 |
- P FL M OVREL R ZE BRI 3 1T 2N 2 0B L CRMECE 2 2 L 2R L TR Y . 72, FRIZ.

WIRIZ B W TR FNHIALAE O B T2 RIICHIH L TV o & E X b,
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Fig. 1-10 The relationship between the FR tablet volume and the volume of water absorbed from the
absorption experiment using compressed FR samples of different volumes; (A) an exploratory
plot in the measured range (each data point represents value from one replicate), (B) a plot in the
range from 0.40 to 1.00 cm? tablet volumes with the regression line (each data point represents

the mean value £ SD from between one and three replicates per data point).

4 o, 15
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5 pore volume =12 /
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S 2 ) 0 Rz = 0956
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intra- particle pore 5
T T T I T § 0 T T T T )
Tablet volume 0 0.2 0.4 0.6 0.8 1
Theoretical minimum Tablet volume

inter i o Vi e = Tablet volume (Cl[ 3)
(inter and intra pore volume = 0)
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Fig. 1-11 Procedure to calculate available intra-particle volume for liquid absorption
1) Calculate the theoretical minimum tablet volume:
true density of FR is 2.5 g/cm® and weight of FR tablet is 0.08 g. The theoretical minimum
volume of the FR tablet is 0.08/2.5 = 0.032 cm®
2) Substitute the theoretical minimum volume of the tablet for the equation of the regression line to
calculate the volume of the intra-particle pore.
y =9.8568 * 0.032 + 3.6357 = 4.0 mL/g

AW E OET KD WIREE O1ENZ MRS T 5720, HIEEOFROSE L RIFRIZ, NeuX i
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Fig. 1-12 The relationship between Neusilin/Sylysia tablet volume and the volume of water absorbed
from the absorption experiment using compressed powder samples of different volumes (each
plot shows the mean value + SD from 1 to 3 replicates per sample; (A) result of Neusilin study,

(B) result of Sylysia study.
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Fig. 2-2  Images of BB ethanol solution absorbed FR before and after drying with/without vacuum.
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Table 2-1 Viscosity, surface tension and density of FP-83 solution in various concentrations.

oy " o,
FP-83 solution (100%) 420.7 40.37 1.17
FP-83 solution (75%) 11.09 27.03 1.05
FP-83 solution (50%) 2.987 24.64 0.95

¢
‘20kv X500

Fig. 2-3  SEM photos of FP-83 absorbed FR [ a) added 100% FP-83 , b) added FP-83 solution (75%),
c) added FP-83 solution (50%)]
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U2, FW 7SRRI S K ORI % Table 2-212, F8%L L 7= Ki+DSEMI4 % Fig. 2-4. Fig. 2-5K% T
Fig. 2-6127~9", 35 EE0% DRI 12 H U 7-BRIZ, FP-83Jiik & W\ = h . BEEITR® b it/

ooy, BYIFRE IR, R EENRVRLFBIAEL, A —Th o7, Fika v
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Table 2-2 Added amount of FP-83 solution for preparing FP-83 absorbed FR

Sapmple Added amount of FP-83 solution
FR amount - - -
(content) 100% solution 50% solution 20% solution
FP-83-FR (50%) 1g 0.9 mL 1.8 mL 45 mL
FP-83-FR (30%) 1g 0.35 mL 0.7 mL 1.75 mL
FP-83-FR (10%) lg 0.1mL 0.2mL 0.5 mL
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%2,000 +10pm - (2,000 10§ 20kV"  X2,000 10pm

20kV  XZ2000° 40um " » 206V X%0,000 - 1ym 20kV  X10,0000 1pm

Fig. 2-4  SEM photos of FR containing 30% FP-83 [ (A) added FP-83 solution (100%), (B) added FP-83
solution (50%), (C) added FP-83 solution (20%)

' 4 ~
20KV X10,000  1pm 200V | X10,0007  Tpm

Fig. 2-5  SEM photos of FR containing 10% FP-83 [ (A) added FP-83 solution (100%), (B) added FP-83
solution (50%), (C) added FP-83 solution (20%)
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Fig. 2-6  SEM photos of FR containing 50% FP-83 [ (A) added FP-83 solution (100%), (B) added FP-83
solution (50%), (C) added FP-83 solution (20%)
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Table 2-3 LVFX content in prepared LVFX absorbed FR

Sapmple FR amount LVFX amount LVFEX content
LVFX-FR X1 1g 04 g 28.6%
LVFX-FR X3 1g 12 ¢ 54.5%
LVFX-FR X6 1g 24 ¢ 70.6%

20KV X2,000 10pm 1 imaokv  x2,000 1opm ;,,gdkg[. X300 10pm

Fig. 2-7  SEM photos of FR containing various amount of LVFX [ (A) 28.6%, (B) 54.5%, (C) 70.6%]
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T WT N ORLF-RIFNZ S IED PRI D T1L72 <, SIREDOIRIK Z W56 T HMALNIZEEY

DHEFLTWA L EZ iz, HE L 7=3f0OE B DITCZ-FR L MR E AT OFRIZ DWW T L H

-35-



R HE LRk 2 Fig. 2-9127R 7, EYE BOWINICHEN, FROMEEMITETLIZZ &b,

FMNIFROMILAZHERF L T e e B2 6T,

Table 2-4 ITCZ content in prepared ITCZ absorbed FR
% of ITCZ solution and

Sapmple FR amount adding number ITCZ content
ITCZ -FR(28.6%) 1g 10% x 1 28.6%
ITCZ —FR(44.4%) 1g 20% x 1 44.4%
ITCZ —FR(61.5%) 1g 20% x 2 61.5%

200V X2,000 A0) ' X2,000 10pm

Fig. 2-8  Scanning electron micrographs of ITCZ-FR; (A) FR, (B) ITCZ-FR (44.4% drug-loaded), (C)
ITCZ-FR (61.5% drug-loaded).

180

50

B 150

§120

o3

2 90

[av1

E 60

l H

(@)

é“ 0 T T -_\
0 28.6 44 4 61.5

Loaded drug amount (%)

Fig. 2-9  Specific surface area of ITCZ-FR containing various amount of drug
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20kV X500 50pm

Fig. 2-10  Scanning electron micrographs of ITCZ-Neusilin and ITCZ-Sylysia particles; (A) Neusilin, (B)
ITCZ- Neusilin (44.4% drug-loaded), (C) Sylysia, (D) ITCZ- Sylysia (44.4% drug-loaded).
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Fig. 2-11 Change in the specific surface area of porous carriers after ITCZ loading.
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pXRD patterns of ITCZ and various powder samples prepared with FR, Neusilin, and Sylisia.
(A)(@)ITCZ, (b) physical mixture of FR and ITCZ, (¢) FR-ITCZ, (d) FR, (B) (a) ITCZ, (b)
physical mixture of Neusilin and ITCZ, (c) Neusilin -ITCZ, (d) Neusilin, (C) (a) ITCZ, (b)
physical mixture of Sylisia and ITCZ, (c) Sylisia-ITCZ, (d) Sylisia.
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Fig. 3-2  DSC thermograms of ITCZ and various powder samples prepared with FR, Neusilin, and
Sylisia.
(A)@)ITCZ-FR, (b) physical mixture of FR and ITCZ, (c) ITCZ, (B) (a) ITCZ-Neu, (b)
physical mixture of Neusilin and ITCZ, (c) ITCZ, (C) (a) ITCZ-Syl, (b) physical mixture of
Sylisiaand ITCZ, (c) ITCZ.
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Fig. 3-3  FT-IR spectra of FR, ITCZ and ITCZ-FR
(@) FR, (b) ITCZ-FR (44.4%), (c)physical mixture of FR and ITCZ (44.4%), (d) ITCZ
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Fig. 3-4  FT-IR spectra of Neu, ITCZ and ITCZ-Neu
(@) Neu, (b) ITCZ-Neu (44.4%), (c)physical mixture of Neu and ITCZ (44.4%), (d) ITCZ
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Fig. 3-5  FT-IR spectra of Syl , ITCZ and ITCZ-Syl
(@) Syl, (b) ITCZ-Syl (44.4%), (c)physical mixture of Syl and ITCZ (44.4%), (d) ITCZ
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Fig. 3-6  Dissolution behavior of ITCZ in various solid dispersion system
O:ITCZ-FR, [:ITCZ-Neu, A:ITCZ-Syl, @: ITCZ crystal
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Fig. 3-7  DSC thermograms of ITCZ adsorbed various powder samples stored under 40°C/75%RH

condition

(A)(@)ITCZ-FR stored for 6M, (b) ITCZ-FR(initial), (c) physical mixture of FR and ITCZ,
(B) (2)ITCZ-Neu stored for 6M, (b) ITCZ-Neu(initial), (c) physical mixture of Neu and ITCZ,
(C) (a)ITCZ-Syl stored for 6M, (b) ITCZ-Syl(initial), (c) physical mixture of Syl and ITCZ.
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Fig. 3-8  PXRD patterns of ITCZ and various powder samples stored under 40°C/75%RH condition
(A)(@) physical mixture of FR and ITCZ, (b) ITCZ-FR (initial), (c) ITCZ-FR stored for 6M,
(B) (a) physical mixture of Neu and ITCZ, (b) ITCZ-Neu (initial), (c) ITCZ-Neu stored for 6M,

(C) (a) physical mixture of Syl and ITCZ, (b) ITCZ-Syl (initial), (c) ITCZ-Syl stored for 6M.
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Fig. 3-9  SEM photos of PS300 and ITCZ-PS300 (45.7% drug-loaded)
(a) PS300, (b) ITCZ-PS300
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Fig. 3-10 Dissolution behavior of ITCZ in ITCZ-PS300
<1 ITCZ-PS300, O: ITCZ-FR, @: ITCZ crystal
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Syl
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P-CaSiO3
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LVFX
LVFX -FR
ITCZ
ITCZ-FR
ITCZ-Neu
ITCZ-Syl
ITCZ-PS300
EtOH
DCM
Gly
BB
SEM
PR
pXRD
DSC
FT-IR

active pharmaceutical ingredient
Florite® RE

Neusilin® US2

Sylysia® 320

Florite® RE PS-300

non-porous calcium silicate
Flurbiprofen axetil

itraconazole absorbed Florite® RE
Levofloxacin

itraconazole absorbed Florite® RE
itraconazole

itraconazole absorbed Florite® RE
itraconazole absorbed Neusilin® US2
itraconazole absorbed Sylysia® 320
itraconazole absorbed Florite® RE PS-300
ethanol

dichloromethane

glycerin

Brilliant Blue

Scanning Electron Microscope
Permeation Rate

powder X Ray Diffraction
Differential Scanning Calorimetry

Fourier Transform Infrared Spectroscopy
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