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Abstract 

A critical issue in the processing of solid dispersions is to elucidate the microstructure of the resulting product. 
Morphological features such as crystallinity degree of both carrier and drug, and particle size of the latter, have a 
deep effect on the properties of the drug dissolution. In the present paper, Hot Stage Microscopy (HSM) has been 
employed to investigate the crystallization of polyethylene glycols (PEG) of different molecular weights used in the 
processing of a benzodiazepine (oxazepam). The results have shown that the crystalline morphology and the radial 
growth rate were dependent on the polymer molecular weight, crystallization temperature, and also on the molecular 
state of the drug incorporated into the polymer, forming a solid dispersion and strongly influencing the drug 
dissolution rate. 
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I. Introduction 

The polyethylene glycols (PEG) are a series of  
water soluble synthetic polymers obtained by cat- 
alytic condensation of  ethylene oxide and water. 

* Corresponding author. Mafia Jos6 Arias-Blanco, C/ 
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The general formula of  these compounds belongs 
to: 

H O - C H 2 - C H 2 - [ O - C H 2 - C H 2 ] , - O H  

where n represents the average number of  
oxyethylene groups ( - O C H 2 C H 2 - ) ,  i.e. the de- 
gree of  polymerization (Seymour and Carraher, 
1988). 

These polymers have a wide range of  applica- 
tions in the pharmaceutical field. Although 
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around thirty different materials--including poly- 
mers -have  been proposed as carriers for the 
elaboration of solid dispersions, in particular 
PEG based polymers have been extensively used 
with advantages due to their favourable solution 
properties, low toxicity and low cost (Draguet- 
Brughmans et al., 1984; Gin6s et al., 1990; Singla 
and Vijan, 1990). Moreover, they are the carriers 
of election in the preparation of solidified melts, 
because they display a low melting point and their 
molecular size favours the formation of interstitial 
solid solutions with drugs. Besides this, the high 
viscous nature of the melt tends to entrap the 
drug in a molecular state or to form microparti- 
cles. 

The term 'solid dispersion' refers to the disper- 
sion of one or more active ingredients in an inert 
carrier or matrix at a solid state. In the field of 
pharmaceutical technology, they are commonly 
employed for solving problems related to poor 
water solubility and poor bioavailability of active 
ingredients, instability, dosing problems and oth- 
ers (Alonso et al., 1988; Gupta et al., 1991). The 
selection of the carrier and the method of prepa- 
ration presents an important influence on the 
properties of the resulting solid dispersion. These 
systems are usually manufactured by heating a 
physical mixture of the drug and the polymer 
until the fluid state is reached and next, the melt is 
cooled. However, the conditions used for the fu- 
sion and solidification process are frequently un- 
stated, despite their influence. Two conditions for 
cooling are generally employed: slow cooling at 
room temperature and fast cooling in an ice bath. 
The carriers reported in the literature are numer- 
ous, but according to previous studies in this field, 
one can justify the universality of PEG polymers 
as fast release carriers for poorly soluble or insol- 
uble drugs (Craig and Newton, 1991a,b; Gin6s et 
al., 1990). 

It is well known that the temperature of solidifi- 
cation plays an important influence over the drug 
dissolution rate. However, little information has 
been reported on the effect of crystallization tem- 
perature on the microstructure of the obtained 
solid dispersion (Mihailov et al., 1978; Prud'- 
homme, 1982). Thus, the solidification rate of the 
melt may play an important role in controlling the 

dissolution rate of the obtained product. For in- 
stance, a short crystallization time may lead to the 
production of small crystals, and hence, high dis- 
solution rates, whereas a longer crystallization 
period favours large crystals with low dissolution 
rates. 

Although the techniques employed in the field 
of physicochemical characterization of solid dis- 
persions are numerous, including spectroscopic, 
microscopic and thermal ones, only a few of them 
are employed to characterize the crystallization 
process. In this paper, we have make use of Hot 
Stage Microscopy (HSM) to investigate the crys- 
tallization of pure PEG of different molecular 
weights. We proceed further to the examination of 
the effect of the incorporation of oxazepam at low 
percentages (5% w/w) on the crystallization of 
PEG 4000 after its elaboration as a solid disper- 
sion. 

2. Experimental 

2.1. Materials 

PEG with nominal molecular weights of 1500, 
4000 and 6000 were supplied by Acofar 
(Barcelona, Spain). PEG samples ranging from 
15 000 to 200 000 were provided from Serva Labo- 
ratories (Barcelona, Spain) and used without fur- 
ther purification. The nominal molecular weight 
values of this set of PEG samples is accurately 
guaranteed by the suppliers and all of them were 
of pharmaceutical purity grade. Oxazepam, a 3- 
hydroxybenzodiazepine, was purchased from 
Boehringer-Ingelheim (Barcelona, Spain). 

2.2. Preparation of solid dispersions 

Oxazepam-PEG 4000 solid dispersions were 
prepared by the melting carrier method at 1:20% 
w/w ratio. The PEG samples were gradually 
heated at 100 and 150°C. When the carrier was 
completely molten at this temperature, the drug 
was added. After the obtained mixture was found 
to be homogeneous, the molten mixture was 
cooled and rapidly solidified. A previous investi- 
gation carried out by the authors indicated that 
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oxazepam particles mixed with PEG 4000 after 
heating at 100°C remain unaltered, whereas, in 
contrast, at 150°C the drug particles dissolved 
well into the molten carrier (Gin6s et al., 1994b). 

2.3. Hot stage microscopy (HSM)  

In order to characterize the systems under 
study, samples crystallized at identical conditions 
were subjected to a HSM study. The procedure 
carried out in different samples was as follows: 
approximately 1 mg of each commercial PEG 
sample or of the solid dispersions were placed 
over glass slides with coverglass and heated up to 
100°C and 150°C using the furnace provided by 
the HSM equipment (Mettler FP82 HT) at the 
rate of 10°C/min. After this thermal treatment, all 
the samples were quenched at different conditions 
(room temperature or ice bath). The study of the 
crystallization process was carried out using an 
Olympus BH-2 microscope with polarized light. 

taUization, namely spherulites, spherulitoids, 
hedrites and ovals (Mihailov et al., 1978). 

Fig. 1 shows selected micrographs correspond- 
ing to PEG 4000 and PEG 6000 after cooling 
under an ice bath. The results indicated that the 
obtained morphology is PEG molecular weight 
dependent. The melt of low molecular weight 
PEG (Fig. 1) crystallizes to give aggregates named 
spherulites. These are spherical or disc-shaped 
formations in which, generally, needle-shape crys- 
tals are arranged regularly about a centre. These 
structures consist of chain-folded lamellae radiat- 
ing from a central point. Branching causes the 
spherulite to become spherical in shape after 
plenty of growth. Under polarized light, they can 
be recognized by the typical black Maltese cross. 

a) 

2.4. Dissolution rate studies 

The dissolution rate studies were carried ac- 
cording to the USP XXII rotating basket method. 
The samples, corresponding to 10 mg oxazepam, 
were previously placed into hard gelatin capsules. 
Dissolution medium was artificial gastric medium 
prepared under the specifications of USP XXII. 
The stirring speed was 50 rpm and the tempera- 
ture 37 + 0.5°C. The aliquots (3 ml) were with- 
drawn at various time intervals using a syringe 
and analyzed spectrophotometrically at 230 nm 
using a Hitachi U-2000 spectrophotometer. 

b) 

3. Results and discussion 

3. I. Thermal study o f  pure vehicles 

It is clear from the literature that the mobility 
of the macromolecules of which each polymer is 
composed, determines the tendency and degree of 
crystallinity. For this reason, the molecular weight 
and cooling rate may influence the morphology of 
the obtained solid. Different crystalline mor- 
phologies have been observed for PEG after crys- 

Fig. 1. HSM microphotograph corresponding to (a) PEG 4000 
and (b) PEG 6000, both samples after cooling under an ice 
bath. Polarized light, x 400. 
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a) 

b) 

Fig. 2. HSM microphotograph corresponding to (a) PEG 
20 000 and (b) PEG 40 000, both samples after cooling under 
an ice bath. Polarized light, x 400. 

For  PEG presenting intermediate molecular 
weights, ranging from 20000 to 40000, the 
spherulites are incompletly formed (Fig. 2). A 
transition state between spherulite and hedrite can 
be observed, characterized by the gradual disap- 
pearance of  the Maltese cross, while the concen- 
tric stacking of  platelets is retained. These 
structures are spherulitoids. In their morphology, 
the spherulitoids combine some features of  
hedrites as well as of  the spherulites (Allen and 
Mandelkern, 1982). The surface has a fibrilar 
character that is typical of  the spherulites. Proba- 
bly the growth mechanism of  these structures is a 
combination of  the hedrites and spherulites, i.e. a 
combination of  a screw dislocation growth or 
large horizontal lamellae and two dimensional 
nucleation of a lot of little lamellae on defective 

small areas of their surface, as proposed in the 
literature (Mihailov et al., 1978). The study of the 
optical properties of  these structures permitted us 
to establish one important difference between 
them and the typical hedrites. The spherulitoids 
show a weak positive birefringence. In some cases 
a weak Maltese cross is observed (Fig. 2b) 

PEG of molecular weight above 40 000 (Fig. 3) 
show a different morphology, constituted by 
hedrites. The hedrites are thus characterized by 
extinguished birefringence of the Maltese cross. 
Some birefringence, as well as a fibrous appear- 
ance, can be found in worst developed hedrites. 
For  this PEG the thickness of the melt increases 
and the fibrous character of the surface of the 
resulting structures becomes more evident. Similar 
results were obtained with different fractions of  
polyethylene oxide (Mihailov et al., 1978). 

It is clear that one factor which significantly 
participates in the crystallization is the tempera- 
ture. The outcome indicates that the size of 
spherulites depends upon the cooling rate. For  a 
fixed PEG molecular weight (e.g. 4000), the mi- 
crophotographs show evidence that a slow cooling 
rate (room temperature) produced large 
spherulites (Fig. 4), while fast cooling (ice bath) 
provides smaller spherulites (Fig. 1). Clearly, the 
size of spherulites is also crystallization-tempera- 
ture dependent. The spherulites have different 
radii according to the different crystallization con- 
ditions, indicating that the growth rate of  the 
crystals in the solidification of  the melt increases 
under conditions of fast cooling. These results 

Fig. 3. HSM microphotograph corresponding to PEG 200 000 
after cooling under an ice bath. Polarized light, x 400. 
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Fig. 4. HSM microphotograph corresponding to PEG 4000 
after slow cooling at room temperature (see the differences 
with the micrograph presented in Fig. l a). Polarized light, x 
400. 

could be explained on the basis of their different 
viscosites in the molten state. Thus, fast cooling 
conditions produce the simultaneous formation of 
several crystallization nuclei, producing smaller 
spherulites, as shown in Fig. I. 

Frequently, in fast-cooled crystals solidified be- 
tween the slide and the cover-slip, occurs contrac- 
tion of the fissures. They are caused by volume 
changes which can form characteristic patterns. 
Fig. 2a displays polarized optical microphoto- 
graphs corresponding to the spherulitic crystal- 
lization of PEG 20000, where concentrical 
deformations can be appreciated. 

3.2. Thermal study o f  solid dispersions 

particles acting as impurities. This last crystalliza- 
tion type must occur into the solification of solid 
dispersion. If  the drug remains as isolated parti- 
cles, i.e. not dissolved into the molten carrier, the 
drug particles can act as a nucleating agent. In 
fact, the solid dispersions incorporating 5% w/w 
oxazepam (Fig. 5) elaborated at 100°C showed 
similar crystallization (spherulites). The presence 
of drug crystals did not modify the crystallization 
of the polymer as compared with the microphoto- 
graphs included in Figs. 1 and 4. 

Note that Fig. 5 shows how the drug particles 
act as nucleating agents and how they are always 
found at the center of the spherulites. In the same 
sense, these spherulites containing drug particles 
showed the larger size. This evidence suggests that 
these spherulites are formed in the first stages of 
crystallization. This fact was observed under care- 
ful microscopical examination by HSM and 
strongly supports the above assumption. In con- 
trast, examination under polarized l ight- -af ter  
crystallization of solid dispersions--demonstrated 
that the drug particles, after the dissolution pro- 
cess in the molten carrier at 150°C, remain in an 
amorphous state in the final solid dispersion ob- 
tained after the process of solidification. In this 
case, the drug shows no recrystallization, but its 
presence modifies the crystallization of the poly- 
mer. Thus, the microstructure obtained in the 
solid dispersion prepared at 150°C (Fig. 6) 
showed different morphology as compared with 

The microscopical examination during the elab- 
oration of solid dispersions by the fusion carrier 
method (see experimental section) revealed that 
the PEG 4000 molten at 150°C is able to dissolve 
the amount of 5% w/w oxazepam, while in the 
solid dispersion elaborated at 100°C, crystalline 
particles of this drug remain unaltered. 

It is recognized that the crystallization of a 
polymer from the melt is a two stage process. 
First, a nucleation process must occur, followed 
by crystal growth. Two types of nucleation have 
been distinguished. Homogeneous nucleation oc- 
curs as a result of random order fluctuations in 
supercooled phase, while heterogeneous nucle- 
ation is induced by foreing surfaces, e.g. small 

Fig. 5. HSM microphotograph of PEG 4000-5%, w/w ox- 
azepam solid dispersion prepared at 100°C, after slow cooling 
at room temperature. The crystallized drug particles are indi- 
cated by arrows. Polarized light, x 400. 
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Fig. 6. HSM microphotograph of PEG 4000-5% w/w ox- 
azepam solid dispersion prepared at 150°C, after cooling under 
an ice bath. Polarized light, × 400. 

the pure PEG 4000 (Fig. 4). Consequently, a 
conversion from spherulite to hedrite can be appre- 
ciated. 

3.3. Dissolution study 

The difference in the dissolution profiles obtained 
for solid dispersions incorporating oxazepam at 100 
and 150°C was probably caused by the different 
physicochemical state of the drug particles in the 
two formulations. While oxazepam appeared in a 
crystalline form in the solid dispersion elaborated 
at 100°C, it was forming a solid solution in the solid 
dispersion prepared at 150°C, as demonstrated by 
the HSM study. In this latter case, the oxazepam 
is molecularly solubilized into the solid PEG 4000 
(solid solution) and their solubilization into the 
dissolution medium is produced simultaneously 
with that of the polymer. Moreover, the different 
crystalline structure of the PEG 4000 in the two 
samples, may influence the dissolution characteris- 
tics of the drug, spherulite into the solid dispersion 
elaborated at 100°C and hedrite into the solid 
dispersion elaborated at 150°C. 

On the other hand, the dissolution behaviour of 
solid dispersions can be altered in storage due to 

The dissolution data for samples prepared in 
capsules containing pure drug and the 5% w/w 
oxazepam-PEG 4000 physical mixture and solid 
dispersions are presented in Fig. 7. The capsules 
required a latency period of 2 rain for their own 
dissolution, afterwards, the samples commenced the 
dissolution process. 

When comparing the dissolution profiles of the 
three binary systems with pure oxazepam, we can 
appreciate that, in all cases, the addition of PEG 
4000 lead to faster drug dissolution rates. The 
increase in the dissolution rate of oxazepam in the 
physical mixture is attributed to a local solubiliza- 
tion effect, produced by the polymer in the diffusion 
layer immediately surrounding the drug particles. 

The enhancement in the drug dissolution rate 
considering the solid dispersion elaborated at 100°C 
is probably due to an increase in the surface area 
of the drug exposed to the dissolution medium. This 
increase in the surface area is caused by the smaller 
particle size reached for the oxazepam into the solid 
dispersion. Undoubtedly, other factors such as 
wettability and reduced aggregation, have also 
contributed to the dissolution enhancement to some 
extent. Anyway, it is difficult to separate these 
different contributions. 
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Fig. 7. Dissolution profiles of different samples: • oxazepam; 
• physical mixture oxazepam-PEG 4000; &bowtie; solid dis- 
persion oxazepam-PEG 4000 elaborated at 100°C; * solid 
dispersion oxazepam-PEG 4000 elaborated at 150°C. 
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changes in the physicochemical characteristics of 
the drug, the carrier, or both. Thus, the solid 
dispersions containing amorphous or molecularly 
dispersed drugs, can be metastable systems. Often, 
the drug in molecular form may precipitate, due 
to supersaturation. This process, when it occurs, 
produces a decrease in the dissolution efficiency of 
the drug. In this case, the dissolution efficiencies 
of the solid dispersions stored at room tempera- 
ture for 6 months showed unchanged dissolution 
profiles. Similar results have been reported in the 
literature for various drugs dispersed in PEG of 
different molecular weight (Duclos et al., 1990; 
Gin6s et al., 1994a). These results are in good 
agreement with those obtained from the HSM 
study, because no visual modification of the sam- 
ples were appreciated during storage. From these 
results, it can be concluded that the solid disper- 
sion prepared at 150°C constitutes a stable sys- 
tem, and this solid solution remains unaltered 
after 6 months, resulting in the same dissolution 
rate. This fact may be explained because of the 
low concentration of the solute in the solid disper- 
sion (5% w/w), which does not exceed its equi- 
librium solubility and does not produce further 
precipitation of the drug in the system. 

Taking into account these results, further re- 
search on solid dispersions using PEG of different 
molecular weights and other drugs are now in 
progress to examine their influence on drug disso- 
lution rates. They will be matter of future reports. 

4. Conclusions 

In solid dispersions elaborated by the fusion 
carrier method at 100°C, oxazepam was present in 
crystalline form and PEG 4000 in spherulite form. 
In opposition, oxazepam is presented at the 
molecular state (solid solution) in the solid disper- 
sions elaborated at 150°C. In this case, the crys- 
talline structure of the polymer is modified, 
appearing as hedritic forms. These results are 
consistent with the different dissolution rates ob- 
tained for the two solid dispersions in artificial 
gastric medium. 
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