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Abstract

The solid dispersion particles of indomethacin (IMC) were prepared with different types of silica, non-porous (Aerosil 200) or
porous silica (Sylysia 350) by using spray-drying method. Powder X-ray diffraction analysis showed that IMC in solid dispersion
particles is in amorphous state irrespective of the type of silica formulated. In DSC analysis, the melting peak of IMC in solid
dispersion particles with Sylysia 350 shifted to lower temperature than that in solid dispersion particles with Aerosil 200 although
the peak of each solid dispersion particles was much smaller than that of original IMC crystals. Dissolution property of IMC
was remarkably improved by formulating the silica particles to the solid dispersion particles. In comparing the effect of the
type of the silica particles, the dissolution rate of solid dispersion particles with Sylysia 350 was faster than that with Aerosil
200. The formulation amount of IMC did not affect on the amorphous state of IMC in the resultant solid dispersion particles in
powder X-ray diffraction patterns. However, the area of the melting peak of IMC in the solid dispersion particles increased and an
exothermic peak owing to recrystallization was observed with increasing the IMC content in the DSC patterns. The dissolution
rate of IMC from the solid dispersion particles with Sylysia 350 was faster than that of Aerosil 200 irrespective of IMC content.
In stability test, amorphous IMC in the solid dispersion particles with each silica particles did not crystallize under storing at
severe storage conditions (40, 75% RH) for 2 months, while amorphous IMC without silica easily crystallized under same
conditions.
© 2005 Elsevier B.V. All rights reserved.
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pharmaceutical engineering techniques such as simpleNakai et al. has reported the interaction between drug
grinding Kaneniwa et al., 1973 grinding with ad- molecules and porous carriers, such as controlled pore
ditive (Yamamoto et al., 1994 and formation of salt  glass Matsumoto et al., 1994; Nakai et al., 1984
(Berge et al., 1977 or inclusion compound with cy-  and porous celluloséMatsumoto et al., 1998n ad-
clodextrin Kimura et al., 2000 Solid dispersion sys-  sorption method by mixing or heating of it. In these
tem where drug molecules are dispersed in the car- cases, the state of drug changed from crystalline state
rier such as PVPSimonelli et al., 196P or PEG to amorphous state and the dissolution property was

(Chiou and Riegelman, 195% an alternative useful
method.

Indomethacin (IMC) is one of the poorly water sol-
uble drugs (solubility in water: pg/mL, Hancock and
Parks, 200Pwhich is often used as a model drug for the

improved.

In this study, we tried to prepare solid dispersion
particles with IMC and porous silica (Sylysia 350) by
spray-drying method and compared it to that with non-
porous silica (Aerosil 200). We also examined the effect

solid dispersion. The property of the amorphous state of the ratio of IMC to silica on the physicochemical

of IMC was examined extensively by many workers
(Imaizumietal., 1979; Fukuoka et al., 198Bografi et
al. reported the interaction of IMC and PVP in molec-
ular level, and the effect of PVP on the inhibition of
crystallization of amorphous IMC in the solid disper-
sion systemTaylor and Zografi, 1997; Matsumoto and
Zografi, 1999. Yoshioka et al. (1994Iso reported that
crystallization of IMC from amorphous state below and
above its glass transition temperature.

Takeuchi et al. (1987, 2003, 200dls0 reported the

property and dissolution property of solid dispersion
particles.

2. Experimental

2.1. Materials

IMC was a gift from Sumitomo Pharmaceuticals
Co. Ltd., Japan. Two types of silica (Aerosil 200, Ni-

solid dispersion particles with colloidal silica or porous hon Aerosil Co. Ltd., Japan, Sylysia 350, Fuji Silysia,

silica prepared by spray-drying method could improve Chemical Ltd., Japan) were used as obtained. Aerosil

the dissolution property of tolbutamide and IMC. In 200 is non-porous silica and Sylysia 350 is porous

this system, porous silica played an important role to silica. The property of carrier is shown ifable 1

control the polymorphs and stabilize meta-stable crys- All other chemicals and solvents were of reagent

tals in the solid dispersion particles under the severe grade.

storage conditions. Recently, the interaction between

IMC molecules and silica surface, as well as the disso- 2.2. Preparation of solid dispersion particles

lution property and stability of the amorphous state of

IMC, was extensively investigated Watanabe et al. The solid dispersion particles of IMC with fine sil-

(2001, 2002, 2003) ica particles were prepared using the spray-drying (SD)
In general, porous material has special proper- method. One gram of silica was suspended in 100 mL

ties such as decrease of melting point and making of ethanol solution into which 1.0 g of IMC had been

non-frozen water in the poregigisiin et al., 1978; dissolved. After ultrasonication for 5 min, this suspen-

Etzler and White, 1987 These properties were also  sion was fed to a spray dryer (GS31, Yamato Scientific

applied for pharmaceutical engineering field to de- Co., Ltd., Japan) at rate of 10 mL/min and sprayed into

crease crystallinity of drugs, i.e. amorphous state. the chamber from a nozzle with a diameter of 406

Table 1
Physicochemical properties of Aerosil 200 and Sylysia 350

Sample Porous or non-porous Particle sjze} Specific surface area &) Pore size (nm) Pore volume (mL/g)
Aerosil 200 Non-porous 0.012 2:010° - -
Sylysia 350 Porous 3.9 3010 21.0 1.6

The values were obtained from the catalog of Aerosil (Nihon Aerosil), Sylysia (Fuji Silysia).
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at a pressure of 0.12-0.15MPa. The inlet and outlet or 50 mg of solid dispersion particles) was added to
temperatures of the drying chamber were maintained 900 mL of no. 2 medium (pH 6.8) for a disintegration
at 100 and 70C, respectively. The spray-dried IMC test with paddle stirring at a rotation speed of 100 rpm
particles were prepared from the ethanol solution of at37°C, as specified in JPXIV. The drug concentration
IMC under the same conditions. All the particles were inthe medium was measured spectrophotometrically at
dried in the desiccator with blue silica gel under re- 320 nm (UV-160A; Shimadzu Co., Japan).

duced pressure for 1 day before testing their properties.
Meta-stable IMC &-form) was prepared by follow-
ing the method oBorka (1974) Amorphous IMC was
also prepared by immersion of melted IMC into liquid

2.5. Stability test

The sample particles were stored in desiccator with

nitrogen. 75% RH (saturated solution with NaCl) at 40. The
crystalline form of IMC in solid dispersion particles

2.3. Physicochemical property of solid dispersion was measured by powder X-ray diffraction method

particles (RAD-IC, Rigaku Denki, Japan) after 2 months.

The size of the solid dispersion particles was mea-
sured by laser diffraction size analyzer (LDSA-2400A,
Tonichi Computer, Japan). The particle shape was ob-
served by scanning electron microscopy (JSM-T330A,  1apie 2shows the average particle size of spray-
N_ihon D_enshi,J_apan).Thespecificsurfaceareaofsolid dried IMC and IMC solid dispersion particles with
dispersion particles was also measured by the@llt — agogil 200 or Sylysia 350. The size of spray-dried
sorption method (Gemini; Shimadzu Co., Japan) after |\ic ang IMC solid dispersion particles was much
degassing th_e sample powder at@overnight (',:IOW smaller than that of original IMC crystals. The size
Prep060; Shimadzu Co., Japan). The crystalline form ¢ 1 solig dispersion particles with Aerosil 200 is
of IMC in solid d_lsper§|on particles was meaSL_lred by larger than that with Sylysia 350. It means that Aerosil
powder X-ray diffraction method (RAD-IC, Rigaku 500 formed matrix structure with IMC in the particles.
Denki, Japan) and differential scanning calorimetry g gj;6 of IMC solid dispersion particles is almost the
(DSC6,200’ Seiko Instruments Inc., Japan). In _DSC same as that of Sylysia 350. The same tendency has
analysis, 1.0-1.5mg of sample powder was putin the 504y heen observed for tolbutamide solid dispersion
aluminum sample pan. The increasing rate of temper- particles with Sylysia 350 prepared by spray-drying

3. Results and discussions

ature was 10C/min. (Takeuchi et al., 2004
The SEM photographs of these particles shown
2.4. Dissolution test in Fig. 1 confirmed the same particle size of these

solid dispersion particles. The solid dispersion parti-
The dissolution test was carried out according to cles with Aerosil 200 were smaller than the agglom-
Japanese Pharmacopoeia XIV. Sample (25 mg of IMC erated Aerosil 200 particles, which suggested that the

Table 2
Particle size of solid dispersion particles with Aerosil 200 or Sylysia 350
Sample Particle sizeufn)

Dis Dso Ds4
Original IMC 8.0+0.7 32.3+ 4.3 128.8+ 47.3
Spray-dried IMC 3.80.1 7.2+ 0.3 18.4+ 2.8
Solid dispersion particles with Aerosil 200 3.1 6.3+ 0.2 10.2+ 0.3
Solid dispersion particles with Sylysia 350 8.0 3.5+ 0.0 55+ 0.0

The data are the average values of four runs.
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Fig. 1. The particle shape of solid dispersion particles prepared with Aerosil 200 or Sylysia 350: (A) Aerosil 200; (B) Sylysia 350; (C) solid
dispersion particles with Aerosill 200; (D) solid dispersion particles with Sylysia 350.

Aerosil 200 particles were well dispersed in the solid
dispersion particles.

The powder X-ray diffraction analysis clarified that 10k
the crystalline form of the spray-dried IMC was mix-

ture of meta-stable formxform) and stable formmy- e e )
form), while the original IMC crystals are stable form e ()
(y-form) (Fig. 2). The crystallinity of spray-dried IMC A % ©

was decreased probably because of the rapid drying rate

from the ethanol solution. On the other hand, the crys- ©
tallinity of IMC in solid dispersion particles with silica (B)
remarkably decreased irrespective of the type of silica J

formulated. Comparing the powder X-ray diffraction 5 i 20 30 4O(A)
charts of these solid dispersion particles, small peaks 26 (°)

were observed in the solid dispersion particles with
Sylysia 350. There are various reports about the inter- Fig. 2. Powder X-ray diffraction patterns of various types of IMC and
ac“on between drug molecules and Sllanol group Of solid diSperSiOn particles with Aerosil 200 or SnyS|a 350: (A) orig-
silica (rakeuchi et al.. 1987. 2003. 2004: Watanabe et inal IMC crystals {y-form); (B) meta-stable IMC crystalsform);

2 ’ ’ | (C) amorphous IMC; (D) spray-dried IMC; (E) solid dispersion par-
al., 2001, 2002, 2003'” these reports, silanol group icles with Aerosill 200; (F) solid dispersion particles with Sylysia
on the surface of silica particles tends to form hydro- 3s0.
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Fig. 3. DSC patterns of various types of IMC and solid dispersion particles with Aerosil 200 or Sylysia 350: (A) original IMC cry&tats)(
(B) meta-stable IMC crystalsx¢form); (C) amorphous IMC; (D) spray-dried IMC; (E) solid dispersion particles with Aerosill 200; (F) solid
dispersion particles with Sylysia 350.

gen bonding with carbonyl group of drug. When the 350. The dissolution rate of spray-dried IMC patrticles
porous silica (Sylysia 350) was formulated in the solid was faster than that of original IMC crystals because of
dispersion system, the drug molecules might form the decrease in particle size and crystallinity and change in
hydrogen bonding in its pore. It leads to good disper- crystalline form. However, 100% of spray-dried IMC
sion of drug molecules in the solid dispersion particles. could not dissolve within 60 min. On the other hand, the
DSC patterns of various types of IMC and IMC in  dissolution profile of IMC in the solid dispersions par-

solid dispersion particles are shownhig. 3. As ob- ticles was remarkably improved irrespective of the type
served in the powder X-ray diffraction analysis, IMC of silica formulated. This might be due to the improve-
might be in an amorphous state in the solid dispersion ment in wettability and dispersibility in the medium as
particles. However, a very weak endothermic peak was
observed for IMC in the solid dispersion particles, al-

though the peak observed was a trace and the peak posi- o |- 6099 . t:k:ts §
: ; . ° QQ %%%
tion was shifted to lower side of temperature compared — w0k Q

to the melting endothermic peak for the stable or meta- = é )|:<

stable IMC crystals. Comparing the trace peak for the T 0 | )J'S % {jt_f_:
two types of solid dispersion particles with different Fi {{—‘I‘

types of silica, the area of melting peak of IMC in solid B ot >|:< +

dispersion with Sylysia 350 is smaller and its position g -}%

of peak is lower than that with Aerosil 200. In general, A % _3;_‘]:‘

the melting point of drug molecules in the pore is lower +

than that in bulk stateEnustin et al., 1978; Etzler and o — — —

0 10 20 30 40 50 60
Time (min)

White, 1987. Nakai et al. reported this phenomenon
with porous silica or porous cellulose as carrier in the
mixing system of drug crystals and the porous materials Fio. 4. Dissolui e of IMC f id di ) il
. . 1g. 4. Dissolution protiles o rom soli Ispersion particies
(Mat_sumoto etal., 1994’ 1998’ Na_kal etal., 1p84 with Aerosil 200 or Sylysia 350: (+) original IMC crystatg-form);
Fig. 4shows the dissolution profile of IMC from the

' ) ) " - ) - (x) spray-dried IMC; (O) solid dispersion particles with Aerosil
solid dispersion particles with Aerosil 200 or Sylysia 200; @) solid dispersion particles with Sylysia 350.
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well as the decrease in particle size and crystallinity
of IMC in the particles as followed in the previous re-
port with tolbutamide solid dispersion with Aerosil 200
(Takeuchi et al., 1987 Comparing the dissolution pro-
files of solid dispersion particles with Aerosil 200 and
Sylysia 350, the dissolution rate of IMC from solid
dispersion particles with Sylysia 350 was faster than
that with Aerosil 200. The difference in the drug crys-
tallinity may be responsible for the difference in the
drug dissolution rate of the two different types of the
solid dispersion particles.

Itis preferable that the drug content in the solid dis-

H. Takeuchi et al. / International Journal of Pharmaceutics 293 (2005) 155-164

case of solid dispersion particles with Sylysia 350, a
needle shape of IMC was observed when the drug con-
tent was increased to 75% (drug to silica=3 to 1). It
indicated that the excess of IMC was precipitated out-
side the pores of Sylysia 350. On the other hand, the
shape of the solid dispersion particles with Aerosil 200
was similar in any IMC content. It means that the solid
dispersion particles formed matrix structure with IMC
and Aerosil 200 even at high IMC content in the for-
mulation.

The particle size of solid dispersion having differ-
ent IMC contents was measured by a laser diffrac-

persionis higherto reduce the dose amount. To examinetion size analyzer. The size of solid dispersion parti-

the effect of drug content in the solid dispersion parti-
cles on their physicochemical properties including its
drug dissolution property, we prepared the additional
two types of solid dispersion particles having differ-

ent drug contents (drug to silica=3to 1 and 1 to 3).
Fig. 5shows the morphology of IMC solid dispersion

particles prepared with the different IMC contents. In

w
ez,
i8Kkm

(I T 11 }g

(D)

cles with Sylysia 350 was similar irrespective of IMC
content as shown iffiable 3 However, in comparing
their specific surface area, that of the solid dispersion
particles of the ratio of IMC to Sylysia 350=3 to 1
(45.5+ 3.1 n?/g) was smaller than that in the ratio of 1
tol (99.5+ 1.5n?/g). This discrepancy could be ex-
plained by their morphological difference described

10nm

90014

ieKv H2.009

Fig. 5. Effect of IMC content on the particle shape of solid dispersion particles with Aerosil 200 or Sylysia 350: (A) IMC:Aerosil 200=1:3; (B)
IMC:Aerosil 200 =3:1; (C) IMC:Sylysia 350 =1:3; (D) IMC:Sylysia 350 =3:1.
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Table 3
Effect of IMC content on the particle size of solid dispersion particles
with Aerosil 200 or Sylysia 350

DSC analysis was carried ouEi§. 7). The melting
peak of IMC was not observed for the solid disper-
sion particles with Sylysia 350 of the drug content of

Sample, IMC:silica Particle sizgun) 25% (ratio of IMC to Sylysia 350=1 to 3). A small
D16 Dso Dga melting peak was detected in that with Aerosil 200

Aerosil 200 having the same drug content. When the drug content
1:3 4.0+0.1 7.240.2 11.5+ 0.6 was 50%, the drug melting peak was observed for each
11 3.3+0.1 6.3£0.2 10.2+£ 0.3 solid dispersion particle. In comparing the two types of
81 24401 4501 6.9+ 0.4 silica in solid dispersion particles, Sylysia and Aerosil,

Sylysia 350 the melting peak of the former solid dispersion was
1:3 1-§i8-8 3& 8-(1) 5.0+ g-é smaller than that of latter, and its position was shifted
1:1 1.8+0. 5£0. 5.5+ 0. ;
31 52101 43101 67402 to lower temperature side. When the excess amount of

IMC was formulated as in the formulation of IMC to
silica=3 to 1, the endothermic and exothermic peaks
were observed around 50 and&D) respectively. The
above. On the other hand, the size of solid dispersion endothermic and exothermic peaks might be attributed
particles with Aerosil 200 decreased with increasing to the glass transition point of the amorphous IMC and

The data are the average values of four runs.

the IMC content Table 3. This result is well corre-
sponding to SEM observatiorig. 5), where aggre-

its crystallization point, respectivelyr¢shioka et al.,
1994. The same exothermic peak was also observed

gates of small particles were observed when the ra- in the DSC pattern of spray-dried IMC without silica.

tio of IMC to Aerosil 200 was 3 to 1. In addition,

This result suggested that the solid dispersion particles

the size of spray-dried Aerosil 200 particles without having higher content of IMC consist of both amor-
drug is almost the same as that of solid dispersion phous IMC interacted with silica surface and unstable
particles at the ratio of IMC to Aerosil 200=1 to 3 amorphous or meta-stable crystalline IMC. In compar-
(D16 =4.0pm, D50 =7.0um, D84 =10.7um). These ing the two types of silica as the carrier of the solid
results suggested that excess of Aerosil 200 particlesdispersion, the porous Sylysia 350 might be more suit-
in the solid dispersion formulation tend to form larger able to obtain the larger amount of stable amorphous
particles of Aerosil 200. state of drug.

The effect of IMC ratio on the crystalline state of Fig. 8shows the effect of IMC ratio on the dissolu-
IMC in solid dispersion particles was examined by tion profile of IMC from the solid dispersion particles.
powder X-ray diffraction analysisF{g. 6). Even at There is a difference between Aerosil 200 and Sylysia
the formulation of IMC to silica=3 to 1, the peaks at- 350 as carrier in the effect of IMC content on the dis-
tributed to crystalline IMC in the X-ray diffractionchart  solution profile. In case of Aerosil 200, the dissolution
of the solid dispersion particles with Sylysia 350 were profile slightly changed depending on the IMC content,
still small. The hallow patterns were observed irrespec- and its dissolution rate was slower than that of Sylysia
tive of the drug content in the solid dispersion particles 350 at any IMC content. On the other hand, the disso-
with Aerosil 200. It means that IMC in the solid dis- lution profile of solid dispersion particles with Sylysia
persion particles could effectively interact with silica 350 was very rapid irrespective of IMC content. It is
surface to form an amorphous state within the range of concluded that Sylysia 350 is preferable carrier to im-
this drug content. As estimated wikig. 5, a part of prove the dissolution property of IMC compared with
IMC might be solidified outside the pores of Sylysia Aerosil 200.
particles at higher content of the drug in the formula- Fig. 9shows the stability of amorphous IMC in the
tion of solid dispersion particles. Based on the powder solid dispersion particles stored at 75% RH and@0
X-ray diffraction analysis, a large part of IMC in solid  for 2 months. Amorphous IMC without silica was eas-
dispersion particles with Sylysia 350 was in amorphous ily crystallized to meta-stable form, while amorphous
state even outside the pores of Sylysia 350. IMC in both solid dispersion particles was unchanged.

To confirm the amorphous state of IMC in the solid We already reported that Sylysia 350 had strongly sta-
dispersion particles having different IMC contents, bilizing effect on the meta-stable tolbutamide in solid
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Fig. 6. Effect of IMC content on the crystalline form of IMC in solid dispersion particles with Aerosil 200 or Sylysia 350 in powder X-ray
analysis: (A) Aerosil 200; (B) Sylysia 350. IMC:silica—(A) 1:3; (B) 1:1; (C) 3:1.
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Fig. 7. Effect of IMC content on the crystalline form of IMC in solid dispersion particles with Aerosil 200 or Sylysia 350 in DSC analysis: (A)
Aerosil 200; (B) Sylysia 350. IMC:silica—(A) 1:3; (B) 1:1; (C) 3:1.

00 Egg§%§§§§§ 100 -‘!lll“l§¥§¥

g 80 ooo%%% ??: 80 %%%*

E 60 -g %% E 60 F %;f—

2 2

g 40 % £ 40 %

2 0 [X 5 2 X

£ g
Y ok
0 10 20 30 40 50 60 0 10 20 30 40 50 60

(A) Time (min) (B) Time (min)

Fig. 8. Effect of IMC content on the dissolution profile of IMC from solid dispersion particles with Aerosil 200 or Sylysia 350: (A) Aerosil 200;
(B) Sylysia 350; () spray-dried IMC crystals; open symbol: solid dispersion particles with Aerosil 200 (IMC:Aerosil 200 2),:3:@ (O),
3:1 (@)); close symbol: solid dispersion particles with Sylysia 350 (IMC:Sylysia 350 =4)31(:1 (@), 3:1 ().
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Fig. 9. Stability of amorphous IMC, IMC in solid dispersion particles
with Aerosil 200 or Sylysia 350 stored at 75% RH and’@0for 2
months: (A) amorphous IMC; (B) solid dispersion particles with
Aerosil 200; (C) solid dispersion particles with Sylysia 350.

dispersion particles compared with Aerosil 200 at se-

vere conditions probably because of their porous struc-

ture (Takeuchi et al., 2004 1n the present case, no dif-

ference was observed between Sylysia 350 and Aerosil

200 in the stabilizing effect. This might be due to that
IMC molecules have a stronger interaction with silica
irrespective of the structure type of silica.

4. Conclusion

The solid dispersion particles of IMC with fine

porous silica, Sylysia 350, were prepared by spray-

drying method. The average particle sibg() of solid

dispersion particles could be controlled between 3 and

5wm. This system could transform the crystal form of
IMC to amorphous state and remarkably improve the
dissolution property of IMC. Comparison of dissolu-
tion rate between Sylysia 350 and Aerosil 200 found
thatthe dissolution rate of IMC in solid dispersion parti-
cles with Sylysia 350 was faster than that with Aerosil

200 irrespective of the drug content. The amorphous

state of IMC in the solid dispersion particles was kept
even under the severe conditions for 2 months.
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