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Summary 

The crystallization of a-cyclodextrin (a-CD) inclusion complexes during the process of freeze-drying has been studied. Benzoic 

acid, sahcylic acid, ~-hydroxybe~oic acid, ~-hydroxybenzoic acid and methyl ~-hydroxybenzoate were used as guest molecules. 

Various amounts of guest compound were dissolved in aqueous (r-CD solution. By annealing the binary solutions at - 13 to - 18°C 

the inclusion complex crystallized readily at a molar ratio of 2 : 1 (a-CD : guest). All inclusion crystals obtained via freeze-drying were 

of a channel-type structure, while in the coprecipitation method p-hydroxybenzoic acid and methyl p-hydroxybenzoate formed a 

layer-type inclusion crystal with n-CD. Further, an aqueous binary solution of (U-CD and aspirin (2 : I molar ratio) was slowly frozen 

at - 14OC, and then lyophilized. The infrared spectra and the powder X-ray diffractograms indicated that the channel-type inclusion 

compound of aspirin with (r-CD was formed by freeze-drying, although the coprecipitation method did not provide the inclusion 

compound crystal. It was assumed that the mechanism of solid-phase formation differed between the freezing and coprecipitation 

processes and that the channel-type structure of a-CD inclusion crystal was preferentially formed during the freezing process. 

In aqueous solution, cyclodextrin (CD) usually 
forms a 1 : 1 inclusion complex with a guest mole- 
cule (Bender and Korniyama, 1978; Szejtli, 1982). 
It is known, however, that crystals of inclusion 
compounds do not necessarily have a stoichiome- 
try of 1 : 1 (Bender and Komiyama, 1978). In 
crystals of the heptakis(2,6-di-O-methyl)-P-CD 
(DMPCD) complex with p-nitrophenol, the p- 
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nitrophenol molecules were not inctuded within 
the cavity but located in the intermolecular space 
between DMPCD molecules (Harata, 1988), al- 
though 1 : 1 inclusion complexation was observed 
in aqueous solution (Nakai et al., 1987). The crystal 
structure of a-CD-m-nitrophenol (1 : 2) has also 
been reported, in which half of the m-nitrophenol 
moiety 3s located externally to the (Y-CD ring 
(Harata et al., 1978). These results suggest that the 
structure of inclusion complexes in the solid phase 
is not correlated with the mode of inclusion in 
soiution. 

The crystal structures of @-CD inclusion com- 
pounds have been grouped into three categories 
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according to the particular mode of packing of 
n-CD molecules, i.e., cage,- channel- and layer- 
type structures (Harata, 1979). It is considered 
that the thermodynamic stability of the ‘crystal- 
line complex’ with the individual guest may de- 

termine its own crystal structure. In previous 
papers, the molecular interactions between a-CD 
and drugs have been investigated in the freeze- 
dried samples (Oguchi et al., 1989a,b). The present 
paper describes the crystallization behavior of in- 
clusion complexes during the process of freezing 

in connection with their molecular interactions 
and a comparison of the crystal structures of 
cw-CD inclusion compounds obtained by freeze- 
drying with those for coprecipitation. 

Materials and Methods 

Muteriuls 
Benzoic acid (BA; Koso Chemical Co., Ltd.), 

salicylic acid (SA; Wako Pure Chemical Ind., Ltd.), 
in-hydroxybenzoic acid (mHBA; Nakarai Chem- 
icals Ltd.), ~-hydroxybenzoic acid (pHBA; Wako) 
and methyl p-hydroxybenzoate (MPH& Wako) 
were of special reagent grade. Aspirin (Iwaki 
Seiyaku Co., Ltd.) was of JP XI grade. a-Cyclo- 

dextrin ((U-CD), P-cyclodextrin (P-CD) and tri- 

0-methyl-P-cyclodextrin were purchased from 
Nakarai, Andou Kasei Co. and Toshin Chemicals 

Co.. respectively, and stored in a desiccator con- 
taining PZO, in a vacuum. Microcrystalline cel- 
lulose (Avicel PH-101, Asahikasei) was used after 
heating in a vacuum at 110” C for 3 h. 

Freeze-drying process 
(a) cu-Cyclodextrin-aspirin system: This was 

carried out according to our previous procedure 
(Oguchi et al.. 1989a). An aqueous solution (25 
ml) containing aspirin (5 x lo.--? M) and a-CD 
(5 x lo-‘, 1 x 10m2 M) was kept at --14°C for 
20 h for freezing. After immersion in liquid nitro- 
gen for complete freezing, the frozen solution was 
lyophilized. (b) cu-Cyclodextrin-other guest mole- 
cule systems: Various amounts of a guest com- 
pound were dissolved in aqueous cr-CD solutions, 
ranging in molar ratio (guest/ff-CD) from 0.2 to 
1.0. The concentrations of CY-CD were fixed 

according to the water solubility of each guest 
compound as follows: 8 w/v% for BA, 4 w/v% 
for SA and pHBA, and 1 w/v% for pHBA. The 
sample solutions (2 ml in 30 ml vial tube) were 
kept in liquid nitrogen for 5 min or in a bath 

thermostated at - 10 to - 21°C beyond 16 h 
(followed by immersion in liquid nitrogen). and 
then lyophilized. 

Coprecipitation method 

Coprecipitation was applied to obtain the in- 
clusion compound crystal of @-CD and a guest 
molecule. The procedure was the same as that 

described in the previous paper (Oguchi et al., 
I989a). 

Prepurution of n-cyclodextritz-epichlorohydrin po(lj- 
mer 

ol-Cyclodextrin-epichlorohydrin polymer was 
prepared by a method similar to the synthesis of 
P-CD-epichlorohydrin polymer (Harada et al., 
1981). a-Cyclodextrin (0.0105 mol) was dissolved 
in 150 ml of water, and then 40 ml of 20% NaOH 
solution was added. Epich~orohyd~n (0.127 molf 

was added dropwise to the a-CD solution at 60 0 C 
and the mixture was kept at 65 o C for 24 h. After 
neutralization with 2 N HCl, the solution was 

dialyzed with distilled water for several days, and 
freeze-dried. 

Circular dichroism spectroscopy 

Cyclodextrin (1.0 x 10e2 M) and a guest com- 
pound (5.0 x 10e4 M) were dissolved in Clark 
Lubs’ buffer solution (pH 1.45). Circular dichro- 
ism spectra were obtained on a JEOL J-500A 
spectrometer at ambient temperature (about 
25 o C). 

Powder X-y diffructometry 
A Rigaku Denki 2027 diffractometer was used. 

Measurement conditions were as follows: target, 
Cu; filter. Ni; voltage, 30 kV; current, 5 mA: 
scintillation counter. 

fnfrured spect~oscap~ 
A Hitachi 295 infrared spectrometer was used. 

The nujoi method was applied for measurement. 
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Differential scanning calorimetry (DSC) 
The thermal behavior of the specimen at low 

temperature was measured by a Perkin Elmer 1B 
differential scanning calorimeter. Sample solutions 
(lo-15 ~1) were hermetically sealed in aluminum 

pans and cooled to - 80 o C. The measurement 

was carried out during rewarming at a scanning 

speed of 4 or 8 o C/min. 

Electrical resistance measurement 
Electrical resistance of the aqueous (Y-CD-BA 

binary solution was measured during cooling and 
rewarming using a Freezing Analyzer (Edwards, 

Kiese & Co.). 

Results and Discussion 

Interaction between a-cyclodextrin and aspirin in 

aqueous solution 

The interaction of cy-cyclodextrin ((Y-CD) and 
aspirin in aqueous solution has been investigated. 
In the circular dichroism spectra, no Cotton effect 

was observed in the a-CD-aspirin system, whereas 
in the /3-CD-aspirin system, a Cotton effect was 
induced by inclusion of a guest molecule in the 
CD cavity. Nakai et al. (1984) reported that in the 
‘H-NMR spectra, the addition of aspirin had no 
effect on ‘H-NMR spectrum of (Y-CD. Further, 
the phase solubility diagram of the a-CD-aspirin 
system was of the A, type according to the classi- 
fication of Higuchi and Connors (1965). These 

results indicated that inclusion of the aspirin 
molecule in the a-CD cavity was not complete in 
solution, and that the inclusion compound crystal 
of (Y-CD and aspirin could not be obtained by the 
coprecipitation method. 

Freeze-drying of a-cyclodextrin-aspirin binary sys- 
tem 

Aqueous a-CD-aspirin (1 : 1 and 2 : 1 molar 
ratios) solutions were frozen at - 14” C, and then 
lyophilized. The a-CD-aspirin (2 : 1) freeze-dried 
sample was obtained in the crystalline state, how- 
ever, it showed a different powder X-ray diffrac- 
tion pattern from the (U-CD crystals as shown in 
Fig. 1. The X-ray diffraction pattern of the 
freeze-dried sample as shown in Fig. la, in which 

(a) 
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Fig. 1. Powder X-ray diffraction patterns of the freeze-dried 
u-CD-aspirin (2: 1) sample (a) in comparison with the (U-CD 

crystal (b). 

diffraction peaks appeared at 20 = 12.0 and 20.0 “, 
was remarkably similar to the diffractogram char- 

acteristic of the a-CD inclusion compound of a 
channel-type structure. 

Molecular states of aspirin molecules in the 
freeze-dried sample were studied by means of 
infrared spectroscopy. Fig. 2 shows the infrared 
(IR) spectra of aspirin in the range of 1500-1800 
cm-‘. The spectrum of aspirin crystals (Fig. 2a) 
was characterized by the acetoxyl and carboxyl 
carbonyl stretching bands at 1757 and 1700 cm-‘, 
respectively. The corresponding carbonyl stretch- 

WOVQ “umber (Cm-’ ) WOYO “umber (cm-’ I 
1800 Ii00 1600 1500 1800 1700 1600 1 

(a) Cd) 

30 

(b) 

Fig. 2. Infrared spectra of aspirin in various preparations. (a) 
Aspirin crystal, (b) freeze-dried sample of n-CD-aspirin (2 : 1). 

(c) freeze-dried sample of cx-CD-aspirin (1 : l), (d) inclusion 

compound of P-CD-aspirin, (e) inclusion compound of tri-O- 

methyl-/I-CD-aspirin. 
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Fig. 3. Comparison of carbonyl stretching vibrations of aspirin in various preparations. 

ing bands of the 2 : 1 (a-CD : aspirin) freeze-dried 
sample were observed at 1780 and 1736 cm-‘. 
respectively, indicating that the aspirin molecules 
were in a different state from the crystals. The IR 
spectrum of the 2 : 1 freeze-dried sample was found 
to be similar to that of the inclusion compound 
crystals of aspirin with P-CD or tri-O-methyl-/I- 
CD prepared by coprecipitation. Nakai et al. 
(1980) considered that the IR peak shifts of aspirin 
due to the inclusion in the P-CD cavity were 

attributable to the change of the dimerized aspirin 
molecules to the monomeric state. The results 

indicated that aspirin molecules in the freeze-dried 
sample existed in a state closely similar to the 

included state within the (U-CD cavity. In the 1 : 1 
freeze-dried sample, the appearance of four 
carbonyl absorption peaks suggested the coexis- 
tence of the aspirin crystals and included aspirin 
molecules. 

The a-CD-aspirin (2 : 1) freeze-dried sample 
was ground using an agate mortar and pestle in 
order to reduce the crystallinity. The IR spectrum 
of aspirin in this ground sample resembled that of 
aspirin ground mixture with microcrystalline cel- 
lulose (MCC) as shown in Fig. 3. It was reported 
that the aspirin molecules existed in the amorphous 
state and were located in the intermolecular hy- 
drogen-bond network of MCC in the ground mix- 
ture with MCC (Nakai et al., 1978). It was sug- 
gested that the grinding of the freeze-dried sample 
transformed the aspirin molecules from the in- 
cluded state in the a-CD cavity to the dispersed 
state in the intermolecular hydrogen-bond net- 

work of a-CDs. To obtain the a-CD-aspirin 
freeze-dried sample of low crystallinity, freeze-dry- 
ing was carried out under rapid freezing condi- 
tions using liquid nitrogen. a-Cyclodextrin-epi- 
chlorohydrin polymer, which is an (Y-CD deriva- 
tive randomly cross-linked with epichlorohydrin, 
was also used for freeze-drying. Both of the low- 
crystallinity samples showed obvious differences 
in the IR spectra from the crystalline freeze-dried 
sample, indicating that the aspirin molecules were 
dispersed in the hydrogen-bond network of (U-CD 
or ol-CD-epichlorohydrin polymer. It was con- 

firmed that the crystalline state of the host a-CD 
molecules was required for the existence of in- 
cluded aspirin. 

Consequently, although the aspirin molecule 
could not ordinarily be included within the a-CD 

cavity, the formation of channel-type inclusion 
crystals was possible through the freeze-drying of 
aspirin and a-CD binary system. In the channel- 
type structure, the (Y-CD molecules stacked coaxi- 
ally along the c axis to form continuous hydro- 
phobic channels (Harata, 1979). The inclusion for- 
mation of aspirin in the a-CD freeze-dried sample 
might be permitted by the relatively large hydro- 
phobic spaces formed by two vis-a-vis LX-CD mole- 
cules. This inclusion mode was recognized as being 
reasonable from considerations of CPK atomic 
models. 

Ctystal structures of a-cyclodextrin inclusion com- 
pound prepared b,v coprecipitation 

The crystal structures of a-CD inclusion com- 
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Fig. 4. Powder X-ray diffraction patterns of a-CD inclusion 

compounds with: (a) BA, (b) SA, (c) mfIBA, (d) pHBA, (e) 

MPHB. 

plexes have been investigated using BA, SA, 
mHBA, pHBA and MPHB as guest compounds. 
Fig. 4 shows the powder X-ray diffraction patterns 

of a-CD inclusion compounds prepared by 
coprecipitation with each of the five guest com- 

pounds. The X-ray diffraction patterns were char- 
acterized by a hexagonal channel-type structure 

for the inclusion compound with BA, SA and 
mHBA and by an orthorhombic layer-type struc- 
ture for the inclusion compound with pHBA and 
MPHB (Take0 and Kuge, 1970; Harata, 1977; 
Uekama, 1980). Further, the stoichiometry of cu- 
CD : guest was determined as 2 : 1 and 1: 1 for the 
channel- and layer-type structures, respectively. 

Crystaliizution of cY-cyclodextrin inclusion complex 
in the freezing process 

The binary solutions containing cx-CD and ben- 
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zoic acid derivatives were freeze-dried. The crys- 
tallization behavior of the freeze-dried samples 
has been investigated. 

To investigate the relationship between the 
crystallinity of freeze-dried samples and freezing 
conditions, the ol-CD-BA (2 : 1) solutions frozen 

with liquid nitrogen were annealed at various tem- 
peratures, and followed by lyophilization. Fig. 5 

shows the effects of annealing temperature on the 
powder X-ray diffractograms of the freeze-dried 
samples. The crystal growth of the inclusion com- 
pound was observed by the annealing at - 13 and 
- 16” C, whereas no annealing or annealing at 
- 21 o C provided the amo~hous freeze-dried 
samples. This result indicated that the channel- 

type inclusion compound could crystallize by 
means of annealing above a certain temperature. 
Binary freeze-dried samples of various (Y-CD-BA 

molar ratios were prepared. The freezing tempera- 

tures were varied from - 10 to -21°C. It was 

confirmed that the freezing procedure (without 
pre-freezing with liquid nitrogen) had almost the 
same effects as those of annealing on the crystal- 
linity of freeze-dried sample. The retationship be- 
tween the crystallinity of freeze-dried samples and 
the freezing temperature is shown in Fig. 6. At 
molar ratios around 0.5 (BA/~u-CD), the crystal- 
line samples were readily obtained even at low 
freezing temperature. Remarkably, the molar ratio 
0.5, at which the crystalline sample was liable to 
form during freeze-drying, agreed well with the 
binding ratio of the inclusion compound prepared 
by coprecipitation. 

frozen in liq. N2 

annsaled at - 16 “C 

20 (“) 

annealed at -21 T 24 h 

IO 2o 2 6 (“1 

Fig. 5. Effect of annealing temperature on the crystallinity of a freeze-dried sample of the a-CD-BA (2 : I) system. 



Fig. 6. Crystallinity characteristics of the binary freeze-dried 

samples at various cx-CD-BA molar ratios. 

The thermal behavior of the frozen LU-CD-BA 
solution during rewarming was investigated by 
DSC. The DSC curves of the a-CD-BA binary 

solutions are shown in Fig. 7 as a function of 
molar ratios (BA/a-CD). The characteristic ther- 
mal behavior was observed before the melting of 
ice crystals, i.e., an appreciable exothermic peak 
appeared at a molar ratio of 0.5. 

It is known that the loss of ionic mobility 
accompanied by freezing causes a decrease in the 
electrical conductivity of an aqueous solution. 

Electrical conductivity measurements (DeLuca et 
al., 1965a,b) were employed for evaluating the 
solidification mode of solute during the freezing 

Cd) I 
\I i- I.-r 
I 

-40 -20 0 

temperature ( “C) 

Fig. 7. DSC curves of aqueous a-CD-BA solutions with molar 
ratios (BA/u-CD) of: (a) 0.2, (b) 0.5, (c) 0.8, (d) 1.0 (heating 

rate: 4O C/mm). 

U--J 

-40 -20 0 -co -2” 0 
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Fig. 8. Electrical resistance of aqueous n-CD (8 w/v%) solu- 

tion with or without BA during cooling and rewarming. (a) 

(Y-CD-BA (2: 1) solution, (b) a-CD-BA (1 : 1) solution, (c) 

a-CD solution. (d) H&I 

process. Fig. 8 shows the relative electrical resis- 
tance vs temperature curves during cooling and 
rewarming processes. It was noteworthy that the 
solution of molar ratio 0.5 (BA/(Y-CD) exhibited 
evident hysteresis before a sudden decrease in 
resistance due to ice melting. Such hysteresis could 
generally be observed when a solute crystallized 
during rewarming (Kobayashi, 1981). Therefore. 
the DSC exothermic peak in Fig. 7 was attributed 
to the crystallization of the inclusion compound of 
(r-CD and BA. 

The effects of annealing were investigated by 
DSC measurements of the (Y-CD-BA system of 
molar ratio 0.5 (BA/a-CD). An aluminum DSC 
pan, in which the sample solution was sealed, was 
immersed in liquid nitrogen for complete freezing, 
then kept in a bath thermostated at -16 or 
- 21” C for 20 h. After reimmersion in liquid 
nitrogen, the DSC measurement was carried out. 
No exothermic peak was observed after annealing 
at - 16 o C, whereas after annealing at - 21 o C the 
exothermic peak was observed at - 4” C (Fig. 9). 
The crystallization of the inclusion complex should 
occur during the -16°C annealing, whereas for 
the - 21” C annealing, the solute remained in the 
amorphous state. These results were considered to 
agree with the above results (shown in Fig. 6) 
pertaining to the relationship between the crystal- 
linity of freeze-dried samples and the annealing 
conditions. 

Salicylic acid, as well as BA, formed a 
channel-type inclusion compound with a-CD hav- 
ing a stoichiometry of 2 : 1 (a-CD : SA) on 
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coprecipitation~ The crystalline features of the 
freeze-dried samples were studied using SA as a 
guest compound. In the same manner as the LY- 
CD-BA system shown in Fig. 6, the crystalline 
sample of the (Y-CD-SA inclusion compound was 

readily obtained at a molar ratio of 0.5 (SA/a- 

CD). Similar results were also obtained in the 
cu-CD-mHBA system. 

In the systems of a-CD-pHBA and a-CD- 
MPHB, layer-type (1 : 1) inclusion compound 
crystals were obtained by coprecipitation, differ- 
ing from the systems containing BA, SA or mHBA. 
We also used pHBA and MPHB as guest com- 
pounds to investigate the reIationship between the 
crystallization behavior of each inclusion complex 

and the molar ratio of guest/c&D. Similar to the 
results for BA, SA and mHBA, the crystalline 

freeze-dried sample was obtained at a molar ratio 
of 0.5 (guest/a-CD) even by freezing at lower 
temperature. Particular interest was in the crystal 

structure of the inclusion compound obtained by 
freeze-drying at a molar ratio of 0.5 (guest/a-CD). 
Fig. 10 shows the powder X-ray diffraction pat- 
tern of the a-CD-MPHB (2: 1) freeze-dried sam- 
ple prepared by freezing at - 13* C in comparison 
with the typical X-ray diffraction patterns of the 
rw-CD inclusion crystals obtained by coprecipita- 

I I 

, j__...( 
- 20 0 

temperature (“C } 

Fig. 9. Effect of annealing temperature on the DSC curve of 
BA/a-CD (0.5) system. (a) No annealing, (b) anneaied at 

-21°C for 20 h, (c) annealed at - 16OC for 20 h (heating 

rate: 4O C/min). 

(b) 

id) 
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Fig. 10. Comparison of powder X-ray diffraction patterns. (a) 
Freeze-dried sample of a-CD-MPHB (2 : 1). (b) layer-type in- 

clusion crystal of a-CD-MPHB (1 : 1). (c) channel-type inclu- 

sion crystal of a-CD-BA (2 : 1). (d) a-CD crystal. 

tion. It was noteworthy that the powder X-ray 
diffraction pattern of the a-CD-MPHB (2: 1) 
freeze-dried sample was evidently different from 
that of the layer-type inclusion crystal of a-CD 
and MPHB, but similar to that of the channel-type 
inclusion crystal of (Y-CD-BA. In the ar-CD and 
MPHB system, the crystal structure of the inclu- 
sion compound prepared by freeze-drying was dif- 

ferent from that obtained by the coprecipitation 
of the a-CD and MPHB system. Similar results 
were also obtained in the (u-CD-pHBA system. 

Conclusion 

In the present study, the cu-CD inclusion com- 
pound was found to crystallize easily at a molar 
ratio of 0.5 (guest/a-CD) during the freezing pro- 
cess, and the host a-CD molecules were arranged 
in the channel-type stacking regardless of the guest 
compounds. Crystallization during the freezing 
process took place in a non-equilibrium manner 
(to some extent) at low temperature, whereas dur- 
ing coprecipitation the crystallization proceeded in 
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an equilibrium state. Such different conditions of 
solid-phase formation might exert an influence on 
the crystal structure of the inclusion compound. 

In the a-CD-aspirin system, freeze-drying pro- 
vided the inclusion compound, which could not be 
obtained by coprecipitation. The resulting inclu- 
sion compound crystal had a channel-type struc- 
ture, similar to the inclusion compounds of OL- 
CD-benzoic acid derivatives, in which the aspirin 
molecule was considered to be included in the 
hydrophobic space formed by two (Y-CD mole- 

cules. It was suggested that the possible formation 
of the a-CD-aspirin inclusion compound was at- 
tributable to the difference in crystallization 

mechanism between the freezing and coprecipita- 
tion processes. Namely, the preferential arrange- 
ment of the host (Y-CD molecules in the channel- 

type structure could contribute to the formation of 
large hydrophobic spaces by vis-a-vis a-CD mole- 
cules, permitting the inclusion complex formation 
of aspirin and a-CD. 

Acknowledgement 

This work was supported in part by a grant 
from the Uehara Memorial Foundation. 

References 

Bender, M.L. and Komiyama, M., Cyclodextrin Chemistry, 
Springer, Berlin, 1978. 

DeLuca, P. and Lachman, L., Lyophilization of pharmaceuti- 

cals. I. Effect of certain physical-chemical properties. J. 

Pharm. Set., 54 (1965a) 617-624. 

DeLuca, P. and Lachman, L., Lyophilization of pharmaceuti- 

cals. IV. Determination of eutectic temperatures of in- 

organic salts. J. Pharm. SC;., 54 (1965b) 1411-1415. 

Harada, A., Furue, M. and Nozakura, S., Inclusion of aromatic 

compounds by a P-cyclodextrin-epichlorohydrin polymer. 

Polym. J., 8 (1981) 777-781. 

Harata, K., The structure of the cyclodextrin complex. V. 

Crystal structures of a-cyclodextrin complexes with p- 

nitrophenol and p-hydroxybenzoic acid. Bull. Chem. Sot. 
Jop., 50 (1977) 141661424. 

Harata, K., The structure of the cyclodextrin complex. XXI. 

Crystal structures of heptakis(2,6-di-O-methyl)-P-cyclo- 

dextrin complexes with p-iodophenol and p-nitrophenol. 

BUN. Chem. Sot. Jap., 61 (1988) 1939-1944. 

Harata. K., Uedaira, H. and Tanaka, J.. The structure of the 

cyclodextrin complex. VI. The crystal structure of a- 

cyclodextrin-m-nitrophenol (1 : 2) complex. BUN. Chem. Sot. 

/up.. 51 (1978) 162771634. 

Harata. K.. Structure chemistry of cyclodextrin complexes. J. 

Jap. Sot. Starch Sri., 26 (1979) 198-209. 

Higuchi, T. and Connors, K.A., Phase solubility techniques. 

Ado. Anal. Chem. Instrum., 4 (1965) 1177212. 

Kobayashi, M.. Manufacturing of pharmaceuticals and freeze- 

drying technique (15). Serzai ro Kikai, No. 38 (1982). 

Nakai, Y.. Nakajima, S.. Yamamoto, K.. Terada, K. and 

Konno, T., Effects of grinding on the physical and chemical 

properties of crystalline medicinals with microcrystalline 

cellulose. III. Infrared spectra of medicinals in ground 

mixture. Chem. Pharm. Bull., 26 (1978) 3419-3425. 
Nakai, Y., Nakajima, S., Yamamoto, K.. Terada, K. and 

Konno, T., Effects of grinding on the physical and chemical 

properties of crystalline medicinals with microcrystalline 

cellulose. IV. Comparison of the IR spectra of medicinals 

in the solid state and in solution. Chem. Phnrm. Bull.. 28 
(1980) 652-656. 

Nakai, Y.. Yamamoto, K., Terada. K. and Akimoto, K., The 

dispersed states of medicinal molecules in ground mixtures 

with n- or P-cyclodextrin. Chem. Pharm. BUN., 32 (1984) 

685-691. 

Nakai, Y.. Yamamoto. K., Terada, K., Oguchi, T. and 

Nakamura, G., Molecular interactions between heptakis- 

(2.6-di-0-methyl)-/3-cyclodextrin and p-nitrophenol in 

solutions. Yakugaku Zusshi, 107 (1987) 802-807. 

Oguchi. T., Terada. K., Yamamoto, K. and Nakai, Y., Freeze- 

drying of drug-additive binary systems. I. Effects of freez- 

ing condition on the crystallinity. Chem. Pharm. Bull., 37 

(1989a) 1881-1885. 

Oguchi, T.. Yonemochi, E., Yamamoto, K. and Nakai, Y.. 
Freeze-drying of drug additive binary systems. II. Relation- 

ship between decarboxylation behavior and molecular state 

of p-aminosalicylic acid. Chem. Pharm. Bull.. 37 (1989b) 

3088-3091. 

Szejtli, J., Cyclodextrins and thew Inclusion Complexes. 
Akademiai Kiado, Budapest, 1982. 

Takeo, K. and Kuge, T., Complexes of starchy materials with 

organic compounds. Part V. X-ray diffraction of a-cyclo- 

dextrin complexes. Agr. Biol. Chem.. 34 (1970) 178771794. 

Uekama, K., Ikeda, Y., Hirayama, F., Otagiri, Y. and Shibata, 

M.. Inclusion complexation of p-hydroxybenzoic acid es- 

ters with a- and /3-cyclodextrins: Dissolution behaviors and 

antimicrobial activities. Yakugaku Zasshr, 100 (1980) 994- 

1003. 


