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Abstract—The effect of solid dispersions (SDs) on the solubility of furazolidone is studied. Furazolidone and
its SDs with polyvinylpyrrolidone (PVP), PVP-10000, PVP-12600, and PVP-24000 are examined. When
using SDs, the solubility and dissolution rate of the nitrofuran derivative is increased. The solubility of fura-
zolidone from SD is increased by a factor of 1.1 to 1.6. The dissolution rate of SDs is increased by a factor of
1.8 to 2.8. The complex of physicochemical methods of investigation suggests that an increase in solubility
from SDs is caused by the loss of crystallinity and the formation of a solid solution of furazolidone during the
preparation of SDs, as well as the solubilizing effect of the polymer during the subsequent dissolution of the
SD in water. The results can be used in the development of hydrophilic soft and fast dissolving solid dosage
forms of furazolidone with increased release and bioavailability.
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Furazolidone (Fig. 1) is a synthetic derivative of
nitrofuran widely used in clinical practice as an anti-
bacterial and antiprotozoal agent for both internal
(dysentery, paratyphoid, foodborne toxic infections,
trichomoniasis (when nitroimidazoles are inefficient),
shigellosis, and giardiasis) and external (infected
wounds and burns) applications [1–3]. It is a yellow or
yellow with a greenish tint, odorless fine crystalline
powder. It is not hygroscopic, slightly soluble in
dimethylformamide, very slightly soluble in acetone,
practically insoluble in water, and 96% alcohol [4, 5],
which limits the possibility of its use in the form of soft
hydrophilic (gels) and solid fast dissolving (granules
and tablets) dosage forms (DFs).

To increase the solubility and release of active sub-
stances (ASs), the method for the preparation of solid
dispersions (SDs), namely, bi- or multicomponent
4

Fig. 1. Furazolidone, C8H7N3O5, 3-[(5-nitrofuran-2-
yl)methylideneamino]-1,3-oxazolidin-2-one (225.16 g/mol).
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systems consisting of an AS and a carrier, which are a
highly dispersed solid phase of AS or molecularly dis-
persed solid solutions with the partial formation of
complexes of variable composition with carrier mate-
rial, can be used [6–8]. Various polymers can be used
as a carrier in the preparation of SDs.

One of the reasons for increasing the dissolution
rate of ASs from SDs can be complexation with poly-
mers in a solution, which was previously described in
a number of works [9, 10]. From the point of view of
chemistry, an increase in the amount of the AS dis-
solved in water is caused by the formation of hydrogen
bonds. The main problem in studying this process by
IR spectroscopy is a decrease in the intensity of a large
number of characteristic bands of the AS in the com-
position of the SD, which is associated with a signifi-
cant shielding effect of polymer. The stoichiometry of
complexes consisting of AS and polymer requires a
separate study.

The purpose of the work is to study the solubility of
furazolidone used in the form of an SD with polyvin-
ylpyrrolidone (PVP).

EXPERIMENTAL
We used furazolidone (Irbit Chemical Pharmaceu-

tical Plant, Russia), which meets the requirements of
3
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Table 1. Results of study of furazolidone dissolution

Bold indicates the minute from the beginning of dissolution, when the sample was taken.

Composition of sample Weight 
of sample, g

Average value of furazolidone concentration in a solution 
of sample (×10–2 g/L) after a period of time (min)

from the beginning of dissolution; n = 5

5 10 15 20 30 40 50 60

Furazolidone (AS) 0.045 1.23 1.93 2.08 2.13 2.26 2.45 2.68 2.87
Recrystallized AS 0.045 1.09 1.48 1.71 1.83 2.02 2.26 2.44 2.56
SD AS : PVP-10000 (1 : 2) 0.045 : 0.90 1.50 1.83 2.11 2.28 2.49 2.76 2.95 3.10
SD AS : PVP-10000 (1 : 4) 0.045 : 0.180 3.26 3.64 3.66 3.69 3.78 3.98 4.12 4.24
SD AS : PVP-10000 (1 : 6) 0.045 : 0.270 3.00 3.46 3.53 3.59 3.68 3.75 3.79 3.80
SD AS : PVP-10000 (1 : 8) 0.045 : 0.360 2.31 2.55 2.73 2.81 2.99 3.08 3.17 3.36
SD AS : PVP-10000 (1 : 10) 0.045 : 0.450 2.48 2.66 2.67 2.70 2.78 2.86 2.92 3.10
SD AS : PVP-12600 (1 : 2) 0.045 : 0.90 2.31 2.72 2.85 2.87 2.89 3.03 3.10 3.23
SD AS : PVP-12600 (1 : 4) 0.045 : 0.180 2.89 3.23 3.37 3.50 3.66 3.82 4.03 4.07
SD AS : PVP-12600 (1 : 6) 0.045 : 0.270 3.74 3.81 3.86 3.93 4.02 4.08 4.09 4.11
SD AS : PVP-12600 (1 : 8) 0.045 : 0.360 2.45 2.87 2.97 3.07 3.32 3.53 3.67 3.86
SD AS : PVP-12600 (1 : 10) 0.045 : 0.450 2.23 2.41 2.54 2.67 2.92 3.07 3.21 3.25
SD AS : PVP-24000 (1 : 2) 0.045 : 0.90 2.60 3.01 3.15 3.23 3.46 3.75 3.88 3.93
SD AS : PVP-24000 (1 : 4) 0.045 : 0.180 2.84 3.00 3.08 3.14 3.23 3.41 3.53 3.72
SD AS : PVP-24000 (1 : 6) 0.045 : 0.270 3.65 3.92 4.00 4.09 4.17 4.30 4.44 4.74
AS : PVP-24000 mixture (1 : 2) 0.045 : 0.270 1.60 2.09 2.23 2.36 2.54 2.67 2.75 2.86
SD AS : PVP-24000 (1 : 8) 0.045 : 0.360 2.44 2.86 2.93 2.95 2.99 3.12 3.32 3.44
SD AS : PVP-24000 (1 : 10) 0.045 : 0.450 2.69 3.01 3.15 3.26 3.49 3.73 3.87 3.93
regulatory documentation (State Pharmacopoeia XIV
of the Russian Federation). PVPs with different
molecular weights were used as carrier polymers for
SDs: 10000 ± 2000 (Sigma Aldrich, United States),
12600 ± 2700 (AK Sintvita, Russia), and 24000 ±
2000 (Sigma Aldrich, United States).

Procedure for the preparation of solid dispersions.
The calculated amounts of AS and polymer were dis-
solved in 96% ethanol (analytical grade), then the sol-
vent was evaporated under reduced pressure in a water
bath at a temperature of 95 ± 1°С.

Procedure for preparation of mixtures. Mixtures of
furazolidone and PVP were prepared by cogrinding
the components in a mortar for 1 min in the same
amounts as the corresponding SDs.

Study of furazolidone dissolution. The dissolution
of furazolidone was studied according to the proce-
dure described in [7, 8] at a wavelength of the maxi-
mum absorption of furazolidone 367 ± 2 nm. The
results of measuring the concentration of furazolidone
in the studied solutions are presented in Table 1 and
Fig. 2.

Microcrystalloscopic analysis was performed using
a Levenhuk D50LNG digital microscope (China),
according to the technique described in [7, 8]. Statis-
tical data processing was performed according to
MOSCOW UNIVERS
OFS.1.1.0013.15 (General Pharmacopoeia Article)
(State Pharmacopoeia XIV) (p = 95%, n = 5).

RESULTS AND DISCUSSION

SDs of furazolidone with PVP are homogeneous
solid masses of a yellow color or yellow with a greenish
tint, glassy in the process of preparation, and prone to
sticking. For the study, weighed portions of the sam-
ples were taken in an amount sufficient to obtain satu-
rated solutions of the AS. The relative error of the
average values of the furazolidone concentration given
in Table 1 and Fig. 2 ranged from 2.6 to 4.1%.

The increase in the solubility of furazolidone was
calculated as the ratio of the concentration of the sat-
urated solution obtained by dissolving the SD to a
concentration of the saturated solution obtained by
dissolving its substance in 60 min after the start of dis-
solution.

As can be seen from the data presented in Table 1
and Fig. 2, furazolidone dissolves better in the form of
an SD (in comparison with the active substance); on
average, its solubility increases from 1.08 to 1.65 times,
depending on the molecular weight of the polymer
and the ratio of components in SD.
ITY CHEMISTRY BULLETIN  Vol. 75  No. 1  2020
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Fig. 2. Dissolution of furazolidone: (1) starting powder; (2) recrystallized AS (complete solvent removal); (3) a mixture of AS with
PVP-24 000 (1 : 6 by weight); (4) SD (AS with PVP-10 000) 1 : 4 by weight; (5) SD (AS : PVP-12 600, 1 : 6 by weight); (6) SD
(AS : PVP-24000, 1 : 6 by weight).
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The greatest increase in the solubility of furazoli-
done was observed from an SD with PVP-24000 in the
ratio of 1 : 6 by weight (Fig. 2). In the fifth minute of
the experiment, the AS concentration in the solution
was 3.65 × 10–2 g/L, while for the starting substance in
the same time point this value was 1.23 × 10–2 g/L.
During the experiment, the AS concentration
increased and 60 min after the start of dissolution it
reached 4.74 × 10–2 g/L; i.e., the solubility increased
by 1.65 times compared with the AS. An increase in
the polymer content in SD to a ratio of 1 : 8 and 1 : 10
by weight does not lead to a significant increase in the
solubility of furazolidone, increasing it by 1.20 and
1.37 times, respectively.

In order to justify the use of the technological
method using solid dispersions, we studied a mixture
of furazolidone and PVP-24000 in a ratio of 1 : 6 by
weight (the composition that provides the greatest
increase in the AS solubility). The maximum AS con-
centration in the solution of a mixture was reached
60 min after the start of dissolution and amounted to
2.86 × 10–2 g/L, which is almost identical to the con-
centration in the furazolidone substance solution at
the 60th minute of the experiment, 2.87 × 10–2 g/L
(Table 1, Fig. 2). Recrystallization of furazolidone
leads to a slight decrease in the solubility of the AS (by
a factor of 0.89).

When comparing the dissolution profiles of the sub-
stance of furazolidone and its mixture with PVP-24000,
starting from the 50th minute from the beginning of
dissolution, there are practically no differences in the
course of the curves. This allows us to conclude that
the main role in increasing the solubility and dissolu-
MOSCOW UNIVERSITY CHEMISTRY BULLETIN  Vol.
tion rate of furazolidone is played by the use of SDs
obtained by removing the solvent.

It has been found that SDs also affect the dissolution
rate of furazolidone. Thus, as compared with the sub-
stance, in the first 5 min of the experiment, the dissolu-
tion rate of furazolidone from SDs AS : PVP-10000 (in
the ratio of 1 : 4 by weight), AS : PVP-12600 and
AS : PVP-24000 (in the ratio of 1 : 6 by weight)
increases by 2.88 times on average; by the 10th minute
of the experiment, this indicator increases by 1.96 times;
and to the 15th and 20th minutes, 1.68 and 1.83 times,
respectively. Thus, we can conclude that the effect of
the quantitative PVP content on the increase in the
solubility of furazolidone is pronounced. For each
individual case, there are general trends that are some-
times difficult to describe. This is due to the fact that
different processes such as crystallization (precipita-
tion), solubilization, the formation of various types of
complexes, as well as the formation of a colloidal solu-
tion, colloidal protection, and salting out, affect the
concentration of furazolidone in the SD solutions over
time [9].

Based on the results of the microcrystalloscopic anal-
ysis, we can conclude that the observed increase in the
solubility of furazolidone from SDs with PVP-24000 (in
the ratio of 1 : 6 by weight) is due to the loss of the crys-
talline structure, i.e., the disintegration of the AS mol-
ecules in PVP, and the preparation of a solid solution
of furazolidone in PVP before the stage of dissolution
in water, as well as the solubilizing effect of PVP
during the dissolution process.
 75  No. 1  2020
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CONCLUSIONS
The results obtained during the study indicate an

increase in the solubility and dissolution rate of fura-
zolidone in water from SDs with PVP obtained by the
removal of the solvent. To obtain SDs, it is preferable
to use a PVP-24000 carrier in a ratio with AS of 6 : 1
by weight. This ratio provides the greatest increase in
the AS’s solubility and dissolution rate.

The results of microcrystalloscopic analysis suggest
that the increase in the solubility of furazolidone from
SDs is associated with the disintegration of the AS
molecules in PVP, the loss of the crystalline structure,
the formation of a solid solution of furazolidone in
PVP, and the solubilizing effect of the polymer.

A solution of the solid dispersion is a combined system
consisting of the true AS solution in the form of molecules
and a colloidal solution solubilized by polymer molecules.

The results obtained during this study can be used
in the development of hydrophilic soft and fast-dis-
solving solid DFs of furazolidone with increased
release and bioavailability.
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