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Introduction

Nowadays, the dissolution characteristic of poorly 
water-soluble drugs represents a great challenge to the 
pharmaceutical industry because it is the rate-limiting 
process in the absorption of these compounds after oral 
administration.[1] One technique that can be applied to 
increase the solubility and drug dissolution rate is the 
formation of the solid dispersions.[2] Even though more 
than 800 papers have been published dealing with poly-
meric dispersions, there is still limited knowledge about 
the successful design of solid dosage forms containing 
solid dispersions.[3] Further formulations of these sys-
tems into tablets and capsules involve a right selection 
of the excipients, based on the functionality or the type 
of dosage form in which they are used.[4,5] In this context, 
the influence of disintegrant agents on drug dissolution 
from those oral systems remains unclear and sometimes 
controversial.[6–9] Prednisone is usually considered the 
oral glucocorticoid of choice for anti-inflammatory or 

immunosuppressant effects.[10,11] Orally, it is prescribed 
in association with antibiotics to treat pneumonia in 
patients with acquired immunodeficiency syndrome 
(AIDS)[12] and, also, reduce the rate of hospitalization 
among children with asthma, resulting in a less expen-
sive treatment.[13] However, paediatric patients usu-
ally may vomit or refuse to swallow medication, due 
to the bitter taste associated with prednisone.[14,15] One 
alternative to oral prednisone is the parenteral route of 
administration, but usually can be labour-intensive and 
time-consuming for the medical staff and painful for the 
patient. Thus, it can result either in significant failure in 
steroid therapy or in the patient not receiving steroids at 
all.[16] Therefore, attention should be focused on a well-
designed prednisone formulation capable of avoiding 
the described drawbacks. In this work, the development 
of prednisone-PEG 6000 hard gelatine capsules with 
lactose as filler and pregelatinized starch (PS) as disin-
tegrant was carried out. Solid dispersion systems were 
prepared by kneading, solvent evaporation, and fusion 
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Abstract
Prednisone is considered the glucocorticoid of choice for anti-inflammatory and immunosuppressant 
effects. However, its very low aqueous solubility can compromise oral bioavailability. Changes in the dis-
solution of a prednisone-PEG 6000 solid dispersion into capsule were investigated by addition of prege-
latinized starch. Physical state of prednisone:PEG 6000 was analyzed by X-ray diffractometry, and scanning 
electron microscopy. Capsule formulations containing prednisone-PEG 6000 and pregelatinized starch 
showed superior dissolution properties (> 95% in 60 min) when compared with reference capsules without 
disintegrant (< 45% in 60 min). Water uptake and disintegration time were directly correlated with prege-
latinized starch amount. The morphology of prednisone-PEG 6000 particles with disintegrant was analyzed 
by SEM, showing a novel surface structure. Thus, solid dispersions of a poorly water soluble drug combined 
with a disintegrant were confirmed as a valid approach to the improvement of drug dissolution.

Keywords: Water uptake; disintegration time; drug dissolution

http://www.informahealthcare.com/phd

Ph
ar

m
ac

eu
tic

al
 D

ev
el

op
m

en
t a

nd
 T

ec
hn

ol
og

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
C

la
ud

io
 S

al
om

on
 o

n 
08

/0
9/

10
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

mailto:csalomon@fbioyf.unr.edu.ar
http://www.informa.com/doifinder/10.3109/10837450903085434


Influence of water uptake, gel network, and disintegration  185

methods and compared with the corresponding physi-
cal mixtures in terms of drug dissolution rates and mor-
phology and surface of particles. The influence of PS on 
capsules swelling behavior, network gel formation, par-
ticles surface, disintegration times and drug dissolution 
rate was evaluated. The morphology and surface of the 
particles were studied using scanning electron micros-
copy (SEM); and X-ray powder diffraction (RXPD) were 
used to investigate possible interactions between the 
components. To our knowledge, the correlation between 
swelling, capsule contents evaluation and disintegration 
time to improve prednisone dissolution have not yet 
been reported.

Materials

Prednisone (Hainan Zhongxin Chemical Co Ltd, Haikou, 
China), PEG 6000 (Aldrich Chemical Co, Milwaukee, 
USA), lactose (Foremost Whey Products, Baraboo, USA) 
were purchased. Pregelatinized starch (Starch 1500•) 
was kindly donated by Colorcon (West Point, USA). All 
the other reagents purchased were either pharmaceuti-
cal or analytical grade.

Methods

Preparation of solid dispersions and physical mixtures

Kneading method (KM)
Prednisone, PEG 6000 and distilled water at 1:1:0.1 ratios 
(w/w) were kneaded for 10 min in a glass mortar. The 
wetted mixture was dried in an oven at 40 ± 0.5°C until it 
reached constant weight.

Fusion method (FM)
A mixture of prednisone:PEG 6000 (1:1 ratio w/w) was 
heated in a closed Teflon container in an oil bath at 80°C 
and stirred repeatedly during 10 min. The mixture was 
cooled at room temperature and dried in an oven at 
40 ± 0.5°C until it reached uniform weight.

Solvent evaporation method (SM)
At 1:1 ratio (w/w), prednisone was dissolved in 1 mL of 
ethanol, and the polymer was dissolved in 2 mL of water. 
The solutions were mixed under magnetic stirring for 
30 min and the solvents were evaporated under reduced 
pressure.

Physical mixture (PM)
Prednisone and PEG 6000 (1:1 ratio) were mixed for 
5 min with mortar and pestle. The powder was dried in 
an oven at 40 ± 0.5°C until it reached uniform weight. All 
the samples were sieved through a 420 m mesh and 
stored in a desiccator at room temperature.

X-ray powder diffraction (XRPD)
Data collection was carried out in transmission mode 
on an automated STOE Powder Diffractometer STADIP 
(Darmstad, Germany). Samples were enclosed between 
two polyacetate films held together by double sided 
adhesive tape. Data acquisition and evaluation was 
performed with the STOE Visual-Xpow package, Version 
2.75 (Darmstad, Germany).

Scanning electron microscopy (SEM)
Morphology of prednisone:PEG 6000 systems were 
investigated by means of an AMR 1000 Scanning 
Microscope (Amray, USA). Samples were previously 
sputter-coated with a gold layer in order to make them 
conductive. Pictures were taken at an excitation voltage 
of 20 Kv and a magnification of 550×.

Prednisone capsules
Prednisone:PEG 6000 solid dispersion prepared by SM 
was formulated in hard gelatine capsules, as shown in 
Table 1. Prednisone and PEG concentrations were kept 
constant at 6.70% ( 10 mg) and magnesium stearate 
at 1.0% (1. 5 mg). The remaining part of the formula-
tions consisted of variable amounts of PS and lactose. 
All the components were manually blended in a mor-
tar for 10 min. Thereafter, the powders were dried in a 
hot air oven at 40°C for 3 h, sieved through a screen of 
420 m, and dried again. Then, powder mixtures were 
filled by hand into hard gelatine capsules size 0. Also, 
reference capsules (CC) without PS were prepared for 
comparison.

Dissolution studies

Dissolution studies of prednisone from solid dispersions 
and capsules were performed according to the method 
described in USP XXIV using apparatus 2 (Hanson 
Research, SR8 8-Flask Bath, Ontario, Canada) with the 
paddle rotating at 50 rpm in 500 mL of degassed distilled 
water, at 37°C. SD powders containing 10 mg of pred-
nisone were dispersed on the surface of the dissolution 
medium while capsules were introduced in the flask and 
the time 0 was recorded. At different time intervals, 5 mL 
samples were withdrawn through a filter. The amount 
of released prednisone was determined by UV analysis 
at 244 nm. It was found that PEG 6000 and PS did not 

Table 1. Composition of prednisone-PEG6000 SD capsules.

Compositiona C 10 C 20 C 30 C 40 C 50 CCb

Prednisone (mg) 10 10 10 10 10 10

Lactose (mg) 113.5 98.5 83.5 68.5 53.5 128.5

PS (mg) 15.0 30.0 45.0 60.0 75.0 —

PEG 6000 (mg) 10.0 10.0 10.0 10.0 10.0 10.0
aAll capsules contain 1. 5 mg Mg Estearate; bCC means reference 
capsules without PS.
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interfere with the assay at this wavelength. The results 
presented are mean values of three determinations.

Disintegration time

Disintegration time of capsules was determined with an 
apparatus (UC-21 Disintegration Test System, Hanson 
Research, Ontario, Canada) according to USP testing 
standards. Disintegration media was degassed distilled 
water at 37°C. Six capsules were tested per batch.

Water uptake studies

To understand the functional contribution of each phar-
maceutical excipient to the swelling of prednisone cap-
sules, water uptake studies were performed. Weighed 
capsules (W

0
) were placed in the dissolution medium, 

degassed distilled water at 37°C. At different interval 
times ( 60 s), each capsule was withdrawn from the 
medium and blotted to remove excess water and then 
weighed (W

1
). The experiment was performed in trip-

licate for each time point and fresh samples were used 
for each individual time point. Percentage increase in 
weight due to absorbed liquid or water uptake was esti-
mated at each time point from following equation:

% Weight change 100 



W W

W
1 0

0

Capsules content images

Examination of the swollen capsules was carried out 
using a digital camera Olympus SP 350 (Tokyo, Japan) 
equipped with zoom lens 3× (38– 114 mm, Tokyo, Japan). 
Photo imaging was performed on capsules formulated 
with 30%, and 50% of PS, and compared with CC. The 
capsules were immersed in degassed distilled water at 
37°C without agitation, and after 15 min were removed 
and gently dried by removing the excess surface water 
by means of filter paper. Then, the capsules were opened 
and the content photographed.

Results

Dissolution studies of solid dispersions

It is well known that prednisone is slightly soluble in 
water.[17] To explore the influence of the preparation 
method on drug dissolution profile, prednisone-PEG 
6000 solid dispersions (1:1 ratio) were prepared by dif-
ferent techniques. Release rate profiles were plotted as 
the percentage of prednisone dissolved from PM and 
solid dispersions versus time (Figure 1). In all cases, PM 

and solid dispersions exhibited faster dissolution rates 
than the intact drug. The dissolution rate of pure drug 
was very low: 13% in 10 min. In comparison, dissolution 
rate of prednisone from PM was 42% in 10 min. Samples 
prepared by both KM and FM showed a great increase 
in the dissolution of drug: 51 and 53% of drug are dis-
solved in 10 min, respectively, while SM was the most 
suitable technique to improve drug dissolution rate, and 
76% of this corticosteroid was dissolved in 10 min. Based 
on these results, SM system was selected for further 
development of prednisone-PEG 6000 hard gelatine 
capsules.

Scanning electronic microscopy

Figure 2 illustrates the SEM micrographs of pure 
 materials, PM, and KM, SM, and FM particles. PEG 
6000 (a) exists in a mixture of smooth surfaced par-
ticles  (100–300 m), mixed with few microparticles 
(20–40 m), while prednisone (b) existed as small irreg-
ular particles (10–20 m).[18] In the PM (c) both the drug 
and the polymer maintain their original morphology 
and size. Both KM (d) and FM (f) exhibited particles of 
irregular shape which was similar to PEG 6000 particles. 
In contrast, in the SM technique (e), semispherical par-
ticles were clearly observed.

X-ray diffraction

Figure 3 shows the powder X-ray diffraction patterns of 
prednisone, PEG 6000, PM and solid dispersions. PEG 
6000 revealed two distinct peaks at 19 and 23° 2, char-
acteristic of its crystallinity.[19] Prednisone was character-
ized by two prominent diffraction peaks in the range of 
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Figure 1. Dissolution profiles of prednisone alone and from 
prednisone:PEG 6000 physical mixture (PM), kneading (KM), fusion 
(FM), and solvent evaporation (SM).
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10–30° 2. Diffraction patterns of prednisone in PM and 
solid dispersion systems prepared by different method 
were similar to those of the pure drug.

Water uptake of the capsules

Water uptake study of the formulations and SEM 
observation of the capsule powders were performed. 
Changes in weight, characteristic of water uptake and 
further swelling, were observed from the beginning of 
the assay. As shown in Figure 4, CC filled with lactose 
(85%) exhibited a water uptake, probably by capillarity, 
within 10 min, and then reached a plateau, probably due 
to the fast dissolution of the easily water-soluble filler. 
Capsules containing the highly swellable PS (10–50%) 
showed water uptake behaviour similar to CC, within 
10 min. Then, it was observed a considerable increase on 
water uptake in a linear relationship with the PS amount. 
These results are supported by the evidence showed in 
Figure 5 and then discussed.

Evaluation of capsules content

Prednisone-PEG 6000 capsules formulated with variable 
amount of PS were immersed in degassed distilled water 
during 15 min, then the capsules were carefully opened 
and the content was examined (Figure 5). Both the water 
uptake assay and this evaluation were done without 
applying any agitation process. As a consequence, the 
weight gain was measured without seen any degrada-
tion or rupture of the shells, avoiding the leakage of the 
capsule content. Upon exposure to aqueous media, CC 
exhibited a wetted powder, with particles adhered to the 
capsule wall, but no gel-like structure was observed. In 
contrast, a mixture of wetted powder and a viscous gel 

layer into the inner core was formed when PS was added 
(30%). Following this trend, when 50% of PS was used, 
all the powder content was transformed into a gel, due 
to a stronger PS sorption of water. Also, it was observed 
a deformation of the shell due to the pressure exerted by 
the gel forming structure.

To elucidate the influence of PS on the morphology 
and surface of solid dispersion particles, SEM photomi-
crographs of the capsules content were analyzed upon 
contact with degassed distilled water during 15 min. The 
powder was carefully removed from the capsules, dried 
and photographed. As seen in Figure 6, particles from CC 
formulations presented a prismatic shape with a regular 
and flat surface. On the other hand, a drastic change in 
the shape and aspect of particles from prednisone-PEG 
6000 capsules with 30% and 50% of PS were observed.

Disintegration of the capsules

Capsule formulations (Table 1) fulfilled the USP phar-
macopoeia requirements regarding disintegration time 
(< 30 min). As expected, CC disintegrated completely 
in 2–3 min, while capsules formulated with 10% and 
50% of PS disintegrated in 4.5 and 7.5 min, respectively. 
Usually, PS is used in solid dosage forms up to 10%; 
however, larger amounts of this excipient have been 
used previously to improve drug dissolution of poorly 
soluble drugs.[20] Thus, in this case, variable amounts of 
PS were used in order to evaluate its influence on cap-
sule disintegration when combined with PEG 6000 solid 
dispersions. Table 2 shows the relationship between 
disintegration time and dissolution of prednisone from 
PEG 6000 capsules at 30 min (Q

30
) and 60 min (Q

60
), 

respectively. The results clearly showed that the disso-
lution rate of prednisone was greatly influenced by the 

A B C 

D E F 

20 KV X220 100 V 020 22222   L * H 20 KV X220D 10 V 002 22222   L * H 20 KV X220 100 V 020 22222   L * H 

20 KV X220 100 V 020 22222   L * H 20 KV X220 100 V 020 22222   L * H 20 KV X220 100 V 020 22222  L * H 

Figure 2. Micrographs of PEG 6000 (a), prednisone (b), PM (c), KM (d), SM (e), FM (f ).
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disintegration time of the capsule shell. Moreover, it is 
confirmed that the behaviour of excipients in capsules 
is very specific and totally different compared with these 
additives applied to tablets.[21]

Dissolution studies of capsules

Figure 7 shows the dissolution profiles of prednisone 
from capsules formulated with 10% (C 10), 30% (C 30), 
and 50% (C 50) of PS in comparison with a reference for-
mulation (CC), formulated only with lactose (85%). CC 
released only 28% in 10 min and 56% in 60 min, despite 
the high amount of the filler. Similarly, drug release from 
C 10 was 25% in 10 min and 52% in 60 min. C 30 showed 

SM

FM

KM

PM

PEG 6000

Prednisone

10 20 30
2 Theta

40

Figure 3. X-ray powder diffraction patterns of prednisone, PEG 6000, 
PM, KM, FM, SM.
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Figure 4. Water uptake in degassed distilled water (37°C) of refer-
ence capsule (CC) and capsules with 10%, 30%, and 50% of PS.

A B

C

Figure 5. Content images of reference capsule CC (a), and capsules 
with 30% (b), and 50% (c) of PS, after 15 min in contact with degassed 
distilled water (37°C).
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C

20 KV X3030 10 V 009 00000 LMF 20 KV X3030 10 V 012 00000 LMF

20 KV X3020 10 V 018 00000 LMF

Figure 6. SEM micrographs of particles of reference capsule CC (a), 
and of capsules with 30% (b), and 50% (c) of PS, after 15 min in con-
tact with degassed distilled water (37°C).
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a slightly increase on drug dissolution: 38% and 63%, in 
10 min and 60 min, respectively. In contrast, a remark-
able difference was observed when 50% of PS was used. 
As shown in Figure 6, C 50 showed a prednisone release 
rate of 45% in 10 min, and increased up to 100% in 
60 min.

Lot reproducibility

Three batches of each formulation were prepared and 
the dissolution rate of prednisone was evaluated under 
the same conditions. The resulting drug release profiles 
from these three different batches showed no significant 
difference among the release profiles for each set of 
three batches, indicating that this manufacturing proc-
ess is reliable and reproducible.

Discussion

Allen et al. described the preparation of glucocorticoids 
solid dispersions by means of fusion method, at 1:40 
drug:carrier ratio.[22] However, both the method and 
the high concentration of carriers are important dis-
advantages for preparing convenient dosage forms of 
administrable size.[2] During dissolution experiments 

it was noticed that the PM powder sank immediately 
to the bottom of the dissolution vessel, whereas the 
pure drug floated for a long period on the surface of 
the dissolution medium. As a result, it was detected 
a significant difference on the drug released from PM 
in comparison with the pure drug, probably due to 
the improved wettability of the drug and inhibition of 
particle aggregation by effect of the polymer. Regarding 
the solid dispersion methods, SM was found to release 
prednisone in almost quantitative amount in com-
parison with the other two techniques (KM and FM), 
as shown in Figure 1. It could be mainly attributed to 
the particles morphology (Figure 2). Furthermore, SM 
does not have the problems associated with the FM, 
such as high melting temperature usually applied and 
the drug:carrier stability problems associated with it.

SEM micrographs of PM showed that both the drug 
and the polymer maintained their original morphology 
and size. The carrier separates drug particles, preventing 
their aggregation after introduction of the powder to the 
dissolution medium, leading to higher drug dissolution 
rates. Micrographs of SM particles exhibited a totally dif-
ferent arrangement between the drug and the carrier in 
comparison with the pure components, PM, KM, and FM 
(Figure 2). These differences in the surface, morphology, 
and particle size could result in different behavior in the 
dissolution tests, as shown in Figure 1.

The X-ray diffractometry spectra of prednisone alone 
showed a typical crystalline pattern. In a similar way, 
all major characteristics crystalline peaks of the drug 
appear in the diffractogram of both PM and solid dis-
persions. Moreover, the relative intensity of these peaks 
remains almost unchanged. Thus, it can be postulated 
from these data that there is not amorphization of pred-
nisone. Since the diffractograms of PEG 6000 patterns 
in all SD systems were very similar, it might indicate the 
absence of chemical interaction between prednisone 
and carrier.[23]

Most of the works dealing with solid dispersions 
describe that wettability, mainly attributed to the carri-
ers, is one of the reason for improved drug dissolution. 
However, no detailed studies are reported regarding the 
influence of excipients, used to formulate solid disper-
sions into capsules or tablets, on the wettability of drug-
carrier particles. In agreement with the water uptake 
evaluation, water penetrated deeply into the capsule, the 
polymer swelled, and SD granules become more hydrated 
by the effect of water absorption (Figure 4). That is why 
SD, which contacts with water for longer time of period, 
could lead to the improvement of drug dissolution rate.[24] 
According to these differences, it is postulated that the 
‘wetted’ surface of the carrier increase, and as a conse-
quence, the drug release is improved to a large extent.

By the analysis of the images, the influence of 
increased amounts of PS on the gel network formation 

Table 2. Relationship between content of lactose, PS, disintegration 
time and prednisone dissolution (%) from hard gelatine capsules at 
30 min (Q

30
) and 60 min (Q

60
).a,b

Lactose (%) PS (%) Disintegration time (min) Q
30

 (%) Q
60

 (%)

85.4 0 2.5 ± 0.2 39.2 ± 2.54 43.5 ± 4.61

75.4 10 4.5 ± 0.1 38.2 ± 4.84 43.2 ± 4.51

65.4 20 5.0 ± 0.6 43.1 ± 0.34 52.1 ± 3.76

55.4 30 5.9 ± 0.3 49.8 ± 2.21 60.8 ± 5.11

45.4 40 6.5 ± 0.4 62.1 ± 4.12 84.2 ± 3.13

35.4 50 7.5 ± 0.7 73.3 ± 0.76 95.4 ± 6.33
aAll values represent mean ± SD (n = 3); bPrednisone and PEG 
concentrations were kept constant at 6.70%.
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Figure 7. Dissolution profiles of prednisone from reference capsule 
(CC), and from capsules with 10% (C 10), 30% (C 30), and 50% (C 50) 
of PS.
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was clearly observed (Figure 5). While CC (0% PS) did not 
show a gelling structure, capsules with 50% PS exhibited 
only a gel network. In addition, the swelling effect of PS 
increased the ‘wetted’ surface of PEG 6000 that further 
assist to enhance prednisone dissolution. These results 
are very consistent with the results from the in vitro dis-
solution experiments (Figure 7).

Morphology, size, and surface of particle powders 
included in solid dosage forms are crucial to under-
stand the drug dissolution behaviour. Indeed, capsule 
formulations with 30% and 50% of PS exhibited a novel 
arrangement of the particles, in comparison with the 
reference formulation (CC). Particles were totally irreg-
ular and samples appeared as agglomerates, displaying 
a quite significant reduction in particle size (Figure 6). 
From the SEM analysis it can be concluded that PS act 
as surface-active compound increasing the wettability 
of drug-polymer particles and, therefore, the drug dis-
solution, as shown in Figure 7.

In addition, the influence of PS on disintegration time 
of capsules was clearly observed. CC (0% PS) was rap-
idly disintegrated, probably due to the fast penetration 
rate of water into the capsules and a rapid dissolution of 
lactose (85%). A gelling structure was not formed and, 
as a consequence, the capsule disintegrated faster than 
those with PS. As observed in Figure 5, a gel network was 
created into the capsules formulated with PS, forming 
a viscous layer that may prolong the disintegration, as 
described.[20]

Dissolution profiles of prednisone from SD-capsules 
were performed. Since lactose is freely water-soluble 
compound, once water is inside the capsule, this filler 
is dissolved and pores should be formed to facilitate 
the solvent front penetration to assist drug dissolution. 
In agreement with the evaluation of capsule contents 
(Figure 5) and the disintegration times, prednisone 
release from hard capsules prepared with PS should 
be controlled by the formation of a hydrated viscous 
layer around the capsules. Surprisingly, no correlation 
between disintegration time and dissolution of C 10, 
C 30 and C 50 was observed, in contrast with previous 
reports describing a direct relationship between these 
two parameters.[25] Furthermore, it would demonstrate 
that the incorporation of excipients with a high aque-
ous solubility (lactose) is not always an effective tool to 
increase drug dissolution rates.[26] In this work, it was 
confirmed that release rate of prednisone was primarily 
controlled by the rate and extent of water uptake and 
swelling of the corresponding excipients.[27]

Conclusions

It is concluded that prednisone-PEG 6000 hard gelatine 
capsules with PS are a very useful alternative to increase 

drug dissolution rate, using an easy and inexpensive 
process without any special production equipment. As 
demonstrated by SEM, the particular surface morphol-
ogy of the particles offered an explanation of better 
dissolution rate from its solid dispersion. Water uptake 
experiments, disintegration time values obtained, and 
dissolution study confirmed that PS is a suitable additive 
to increase prednisone release from hard gelatine cap-
sules. Evaluation of capsules contents gave very useful 
information about the correlation between gel network 
and drug dissolution rates.
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