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INTRODUCTION

Zaleplon (Fig. 1) is a pyrrazolopyrimidine hypnotic drug
indicated for the short term (2 to 4 weeks) management of
insomnia (1). It interacts with GABAA receptor and also
shows some pharmacological properties of benzodiazepines
(2). It also possesses potent anticonvulsant activity against
pentylenetetrazole- and electroshock-induced convulsions (3)
and is rapidly and completely absorbed after oral administra-
tion. However, it undergoes extensive first pass hepatic
metabolism after absorption, with only 30% of zaleplon being
systemically available (4). Zaleplon attains peak concentration
(Cmax) within 1.1 h (tmax) approximately after administration,
with terminal elimination half life of 1 hour (5). Cmax and area
under the plasma concentration–time curve (AUC) both
exhibit linear dose proportionality at doses up to 60 mg well
above the 10 mg therapeutic dose (6,7).

Although zaleplon is rapidly absorbed after oral admin-
istration, its poor aqueous solubility (8) (practically insoluble)
can make its absorption dissolution rate limited and thus
delay onset of action. The dissolution of drugs is a prime
determinant in the absorption of poorly water-soluble drugs
and also serves as a rate-limiting step (9). No information is
available on the improvement of these drug-like properties of
zaleplon. In this article increasing the solubility of zaleplon
has been addressed via solid dispersion technique.

The formulation of poorly water-soluble drugs is one of
the most challenging tasks to the formulation experts. An
enhancement in the solubility and the dissolution rate can
improve the oral bioavailability of such drugs, which further
improves the therapeutic efficacy and patient compliance.
Various techniques have been used to enhance the solubility

of poorly water-soluble drugs, including the use of surfactants
(10), inclusion complexation (11), use of polymorph (12), and
amorphous form of drug micronisation (13) and solid
dispersion (14–16). The solubilization of drug from solid
dispersion systems is mainly because of the reduction in
particle size, increase in the surface area and reduction in the
crystallinity that improves dissolution rate. Also, no energy is
required to break up the crystal lattice of a drug during
dissolution process and drug solubility and wettability may be
increased by surrounding hydrophilic carriers (17). The
various methods used to prepare solid dispersions are the
hot melt method (18,19), solvent evaporation (20), spray
drying (21), hot melt extrusion (22), solvent deposition
technique (23) and solvent wetting method (24).

The aim of the present study was to enhance the
dissolution rate of zaleplon using solid dispersion technique
with various hydrophilic polymers. The solvent evaporation
method was used to prepare solid dispersion particles of
zaleplon. Solid dispersion systems and physical mixtures of
zaleplon were prepared with poloxamer F68, polyvinylpyrro-
lidone K30 (PVP K30), and polyethyleneglycol 6000 (PEG
6000) each in 1:1, 1:3 and 1:5 ratios. The selection of different
ratios of polymers was purely on random basis. The solid-state
properties of these binary systems were studied by thin layer
chromatography, Fourier transformation infrared spectroscopy,
X-ray powder diffractometry and differential scanning calo-
rimetry. The dissolution behavior of zaleplon and its binary
systems were further evaluated.

MATERIALS AND METHODS

Materials

Zaleplon was obtained from Cipla, Ltd., Mumbai, India.
PVP K30 and Lutrol (poloxamer) F68 was gift sample from
Signet Chem Lab, Mumbai, India. PEG 6000 was purchased
from Loba Chemie, Mumbai, India. All the chemicals used
were of analytical grade. Distilled water was used throughout
the experiment.
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Analytical Method

Calibration Curve for Zaleplon

An accurately weighed 5 mg of zaleplon was dissolved in
5 ml of methanol in a 50 ml volumetric flask and the volume
was adjusted up to the mark with distilled water to obtain a
standard stock solution of 100 μg/ml. Aliquots of 0.1 to 0.8 ml
portions of standard solution were transferred to a series of
10 ml volumetric flasks and volume in each flask was adjusted
to 10 ml with distilled water to obtain concentration of range
of 1.0–8.0 μg/ml. One of the solutions was scanned in UV
range using methanol: distilled water (1:9) as a blank and
λmax was recorded at 232 nm. The absorbance of solutions
was measured at 232 nm against reagent blank and calibration
curve was constructed. This calibration curve was used for the
quantification of drug in solid dispersions (Percentage drug
content study) as well as aqueous samples from the dissolution
experiments.

Preparation of Physical Mixtures

Physical mixtures were prepared by grinding zaleplon
and individual hydrophilic polymer in a mortar in the ratios of
1:1, 1:3, 1:5 (zaleplon: polymer).

Preparation of Solid Dispersions of Zaleplon

Solid dispersions of zaleplon were prepared by solvent
evaporation method. Zaleplon and water soluble carriers in
different ratios were accurately weighed and transferred to a
beaker containing methanol. Then solvent was evaporated in

vacuum evaporator and the resulting solid dispersions were
stored in desiccators until solid dispersion attains constant
weight. The solidified masses were crushed, pulverized and
passed through mesh number 40.

Thin Layer Chromatography (TLC)

TLC was carried out using silica gel GF 254 (0.2 mm)
glass plates with a solvent system of benzene:methanol
(90:10) as mobile phase, to study any drug carrier interaction.
The Rf value of pure drug and solid dispersions were
calculated.

Fourier Transformation Infrared Spectroscopy (FTIR)

Infrared spectra were obtained on a Perkin-Elmer
Spectrum one FTIR spectrometer using KBr pallets. The
samples were previously ground and mixed thoroughly with
KBr. The KBr disks were prepared by compressing the
powder. The scanning range was kept from 4,000 to 450 cm−1.

X-ray Powder Diffractometry (XRD)

The XRD patterns of pure drug, physical mixtures and
solid dispersions were recorded by using Philips Analytic X-

Fig. 1. Chemical structure of zaleplon

Fig. 2. Calibration curve for zaleplon

Table I. Optical Characteristics and Regression Equation for the
Standard Zaleplon

Sr. No. Parameter Value

1. λmax (nm) 232
2. Beer’s range (μg/ml) 1.0–8.0
3. Correlation coefficient (r2) 0.9994
6. Regression equation y ¼ 0:135333xþ 0:00325
7. Intercept (a)a 0.00325±0.00043
8. Slope (b)a 0.135333±0.0051
9. Limit of detection

(LOD μg/ml)
0.014

10. Limit of quantification
(LOQ μg/ml)

0.042

11. Relative S.D. 0.0055

a Indicates mean±S.D.
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Ray—PW 3710 (Holland) diffractometer with tube anode Cu
over the interval 5–70°/2θ. The operation data were as
follows: Generator tension (voltage) 40 kV, Generator
current 30 mA, and scanning speed 1°/min.

Differential Scanning Calorimetry (DSC)

DSC measurements were performed on a TA SDT 2960
DSC (USA) differential scanning calorimeter. The accurately
weighed sample was placed in an aluminum pan. An empty
aluminum pan was used as reference. The experiment was
carried out in nitrogen atmosphere (flow rate 100 ml/min) at
scanning rate of 10 °C/min in the range of 0–350 °C.

Percentage Drug Content Study

Drug content was determined by dissolving solid disper-
sions equivalent to 10 mg of drug in methanol and kept in
ultrasonicator for 20 min. The volume was adjusted to 100 ml
with distilled water. The solution was filtered throughWhatman
filter paper no. 41, suitably diluted and absorbance was
measured at 232 nm using double beamUV spectrophotometer.
(Shimadzu 1700, Japan).

Dissolution Studies

The dissolution rate studies of zaleplon alone, physical
mixtures and solid dispersions were performed in triplicate in

Table II. Rf Values and % Drug Content of Pure Zaleplon and Solid
Dispersions

System Rf Values
Percent drug contenta±

S.D.

Pure drug Zaleplon 0.70 –
Physical mixtures
Zaleplon: poloxamer (1:1) 0.70 97.51±0.86
Zaleplon: poloxamer (1:3) 0.70 97.57±0.46
Zaleplon: poloxamer (1:5) 0.71 97.13±1.03
Zaleplon: PVP K30 (1:1) 0.72 98.34±1.09
Zaleplon: PVP K30 (1:3) 0.71 98.41±0.68
Zaleplon: PVP K30 (1:5) 0.70 98.62±0.82
Zaleplon: PEG 6000 (1:1) 0.72 97.55±1.20
Zaleplon: PEG 6000 (1:3) 0.71 98.31±1.11
Zaleplon: PEG 6000 (1:5) 0.71 97.77±0.79

Solid dispersions
Zaleplon: poloxamer (1:1) 0.73 96.34±0.39
Zaleplon: poloxamer (1:3) 0.74 96.37±0.62
Zaleplon: poloxamer (1:5) 0.73 97.48±1.19
Zaleplon: PVP K30 (1:1) 0.71 98.26±0.93
Zaleplon: PVP K30 (1:3) 0.70 96.44±0.72
Zaleplon: PVP K30 (1:5) 0.69 96.84±0.83
Zaleplon: PEG 6000 (1:1) 0.71 97.15±1.08
Zaleplon: PEG 6000 (1:3) 0.70 98.24±0.47
Zaleplon: PEG 6000 (1:5) 0.71 97.82±1.15

a Indicates mean of three readings (n=3)
S.D. Standard deviation

Fig. 3. FTIR spectra of zaleplon and all its binary systems with
hydrophilic polymers. ZPN zaleplon, PXMR poloxamer F68, PM
physical mixture, SD solid dispersion

b
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a dissolution apparatus (Lab India, Model Disso 2000 Tablet
dissolution test apparatus, Mumbai, India) using the paddle
method, according to USP Type II. Dissolution study was
carried out in a 900 ml of distilled water at 37±0.5 °C at
75 rpm according to US FDA guidelines (25). 10 mg of pure
drug or its equivalent amount of solid dispersion was added
to 900 ml of distilled water. 5 ml of samples were withdrawn
at time intervals of 5, 10, 15, 20, 25, 30, 45 and 60 min. The
volume of dissolution medium was adjusted to 900 ml by
replacing each 5 ml aliquot withdrawn with 5 ml of fresh
distilled water. The solution was immediately filtered through
0.45 μm membrane filter, suitably diluted and the concen-
trations of zaleplon in samples were determined spectropho-
tometrically at 232 nm. The results obtained from the
dissolution studies were statistically validated using ANOVA
(Tukey–Kramer Multiple Comparisons Test).

RESULTS AND DISCUSSION

Analytical Method

Figure 2 illustrates a calibration curve for zaleplon in
methanol: distilled water. The optical characteristics are pre-
sented in Table I. Zaleplon exhibits its maximum absorption at
232 nm and obeyed Beer’s law in the range of 1.0–8.0 μg/ml.
Linear regression of absorbance on concentration gave
equation

y ¼ 0:135333xþ 0:00325 ð1Þ

with a correlation coefficient of 0.9994. Relative standard
deviation of 0.0055 was observed for analysis of three replicate
samples, indicating precision and reproducibility of analytical
method. The limit of detection (LOD) and limit of quantifica-
tion (LOQ)were calculated by Eqs. 2 and 3, respectively, where
δ is the SD of blank and s is slope of calibration (26).

LOD ¼ 3:3�
s

ð2Þ

LOQ ¼ 10�
s

ð3Þ

The limit of detection (LOD) and limit of quantification
(LOQ) were found to be 0.014 μg/ml and 0.042 μg/ml
respectively.

Percentage Drug Content Study

Percentage drug content was found to be in the range of
96.27±0.15 to 98.62±0.08 (Table II).

Thin Layer Chromatography (TLC)

TLC study showed Rf values from 0.69–0.74 for all solid
dispersions, which was almost identical with Rf value of pure

Fig. 4. XRD pattern of zaleplon and all its binary systems with
hydrophilic polymers. ZPN zaleplon, PXMR poloxamer F68, PM
physical mixture, SD solid dispersion

R
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Fig. 5. DSC diagram of zaleplon, poloxamer F68, PVP K30, PEG
6000, and solid dispersions: ZPN zaleplon, PXMR poloxamer F68,
PM physical mixture, SD solid dispersion

Fig. 6. Dissolution curves of zaleplon alone and from binary systems
of zaleplon with hydrophilic polymers. SD Solid dispersion, PM
physical mixture. a Dissolution curves of zaleplon with poloxamer
F68; b Dissolution curves of zaleplon with PVP K30; c Dissolution
curves of zaleplon with PEG 6000
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drug (Table II). It indicates that there was no interaction
between drug and carrier.

Fourier Transformation Infrared Spectroscopy (FTIR)

IR spectra of binary systems of zaleplon (Fig. 3) showed
IR peaks of zaleplon and carriers and no any additional peak
was observed in binary systems. IR spectrum of zaleplon is
characterized by principal absorption peaks at 3,088 cm−1

(C–H aromatic), 2,928 cm−1 (C–H aliphatic), 2,232 cm−1

(C≡N), 1,651 cm−1 (C=O), 1,614 cm−1 (C=N), 1,223 cm−1 (C–
N), 1,576 cm−1 (C=C aromatic) and 684 cm−1 and 801 cm−1

(m substituted benzene). Zaleplon shows strong absorption
peaks at 2,232 cm-1 and 1,651 cm−1 indicating presence of
cyanide and amide carbonyl group respectively while, peaks
at 684 and 801 cm−1 may be assigned to aromatic stretching of
the phenyl group in the molecule which is m-substituted. The
IR spectra of all solid dispersions show disappearance of
some peaks of zaleplon. The peaks at 3,088, 2,928, 1,576 and
684 cm−1 have been completely disappeared in all zaleplon-
poloxamer F68 binary systems including physical mixtures
(1:5). All other peaks appeared with decreased intensity. In
the binary systems of zaleplon-PVP K30, the peak at
1651 cm−1 (C=O) was disappeared in addition to the peaks
described in poloxamer solid dispersions. However physical
mixture (1:5) has shown all peaks of zaleplon. IR spectra of
solid dispersions of zaleplon-PEG 6000 also show
disappearance of these peaks while no significant difference

was found in physical mixture (1:5). All other peaks of
zaleplon were found to be smoothened indicating strong
physical interaction of zaleplon with polymers. However, no
additional peak was observed in all binary systems indicating
absence of any chemical interaction between zaleplon and
polymers.

X-ray Powder Diffractometry (XRD)

The XRD patterns of zaleplon and solid dispersions are
represented in Fig. 4. The XRD pattern of zaleplon showed
intense and sharp peaks indicating its crystalline nature.
Crystallinity was determined by comparing some representa-
tive peak heights in the diffraction patterns of the binary
systems with those of a pure drug zaleplon (27). Zaleplon
showed sharp peaks at 18° and 25° (2θ) with peak intensities
of 1,560 and 1,204 respectively. The diffraction pattern of
physical mixtures (1:5) of poloxamer F68 and PVP K30
showed decrease in the peak intensity of zaleplon at the same
angle. However, complete disappearance of peaks of zaleplon
was observed with the physical mixture (1:5) prepared with
PEG 6000 indicating relative decrease in the crystallinity of
zaleplon. Also, complete disappearance of peaks of zaleplon
was observed in all solid dispersions prepared by using PVP
K30 and poloxamer F68 whereas only 1:3 ratio of zaleplon-
PEG 6000 solid dispersion has shown complete disappearance
of peaks of zaleplon indicating decrease in the crystallinity of
zaleplon in these binary systems.

Table III. Dissolution Efficiency of Zaleplon from Different Binary Systems in Comparison with Pure Drug

System DP5
a±S.D. DE5

a±S.D. DE10
a±S.D.

Zaleplon 49.05±3.20 24.36±1.85 40.10±2.69
Zaleplon: poloxamer (1:5) PM 76.72±3.40 38.36±1.70b 58.11±2.04b

Zaleplon: poloxamer (1:1) SD 79.42±3.10 39.71±1.55b 63.89±2.12b

Zaleplon: poloxamer (1:3) SD 83.65±2.90 41.83±1.45b 63.95±1.75b

Zaleplon: poloxamer (1:5) SD 94.55±3.30 47.28±1.34b 72.24±2.26b

Zaleplon: PVP K30 (1:5) PM 69.98±3.91 34.99±1.95b 54.16±2.42b

Zaleplon: PVP K30 (1:1) SD 70.32±4.51 35.16±2.25b 53.58±2.79b

Zaleplon: PVP K30 (1:3) SD 83.82±3.09 41.91±1.26b 65.75±2.32b

Zaleplon: PVP K30 (1:5) SD 90.33±3.01 45.17±1.22b 70.33±2.67b

Zaleplon: PEG 6000 (1:5) PM 54.69±3.90 27.34±1.58c 41.62±2.44c

Zaleplon: PEG 6000 (1:1) SD 81.96±3.41 40.98±1.38b 63.39±2.12b

Zaleplon: PEG 6000 (1:3) SD 87.65±2.72 43.83±1.10b 66.95±1.69b

Zaleplon: PEG 6000 (1:5) SD 59.32±2.79 29.66±1.14d 45.13±1.77e

Dissolution Efficiency (DE) is defined as the area under dissolution curve up to the time t expressed as percentage of the area of
rectangle described by 100% dissolution in the same time (32). The dissolution efficiency at 10 min was calculated as
follows:DE10¼AUCof dissolution curve at 10min

AUCof rectangle at time 10min Where;AUC is area under the curve Similarly, the dissolution efficiency at 5 min was calculated.

Alternatively, Dissolution efficiency D:E:ð Þ ¼
R 2

1
y�dt

y100 � t2�t1ð Þ � 100% where y is the percentage of dissolved product. D.E. is then the area under the

dissolution curve between time points t1 and t2 expressed as a percentage of the curve at maximum dissolution, y100, over the same time period.
The integral of the numerator, is the area under the curve which is calculated by trapezoidal rule. The area under the curve is the sum of all the
trapeziums defined by:AUC ¼ Pi¼n

i¼1

t1�ti�1ð Þ yi�1þyið Þ
2 where ti is the ith time point, yi is the percentage of dissolved product at time ti (33) The

dissolution efficiency values were calculated using these methods described as above.
S.D. Standard deviation, PM physical mixture, SD solid dispersion, DP5 percent dissolved at 5 min, DE5 dissolution efficiency at 5 min, DE10

dissolution efficiency at 10 min
a Indicates mean of three experiments
b Indicates P value compared to pure zaleplon (P<0.001) i.e. significant
c Indicates P value compared to pure zaleplon but not significant (P>0.05)
d Indicates P value compared to pure zaleplon (P<0.05) i.e. significant
e Indicates P value compared to pure zaleplon but not significant (P>0.05)
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Differential Scanning Calorimetry (DSC)

The DSC thermograms of zaleplon and solid dispersions
with poloxamer F68, PVP K30 and PEG 6000 are represented
in Fig. 5. The DSC thermograms of zaleplon alone showed
endothermic Tmax of 190.05 °C, corresponding to the melting
point of crystalline form of the drug zaleplon. The DSC
thermogram of poloxamer F68, PVP K30 and PEG 6000
showed a sharp endothermic peak at 62.81 °C, 71.90 °C and
68.49 °C, respectively, indicating melting points of the
polymers. The sharp melting point peak of pure zaleplon
appeared at 190.05 °C, whereas no such peak was observed in
solid dispersions prepared with poloxamer F68, PVP K30 or
PEG 6000, indicating that zaleplon was molecularly dispersed
(24). However, the peaks of all polymers in solid dispersions
were found to be shifted to lower values; 59.40 °C, 70.19 °C
and 66.22 °C for poloxamer F68, PVP K30 and PEG 6000
respectively, indicating solid–solid phase transition.

Dissolution Studies

The dissolution curves of zaleplon, physical mixtures and
solid dispersions in distilled water at 37 °C±0.5 °C are shown
in Fig. 6. The release rate profiles were expressed as the
percentage of drug released (vs.) time.

It is evident that the solid dispersion (SD) technique has
improved the dissolution rate of zaleplon to a greater extent.
Table III shows % drug dissolved in 5 min (DP5), dissolution
efficiency at 5 min (DE5), and dissolution efficiency at 10 min
(DE10) for zaleplon and its binary systems with hydrophilic
polymers. All binary systems of zaleplon, except physical
mixture with PEG (1:5), have shown significant improvement
in dissolution rate compared to pure drug alone (P<0.001).
Within the binary systems of different polymers with zale-
plon, the 1:5 ratios of poloxamer F68 and PVP K30 and 1:3
ratios of PEG 6000 were found to be superior to their
corresponding other ratios. It showed that increase in weight
fraction of polymer gave more rapid dissolution (28).
However, in solid dispersions of PEG 6000; it was found that,
higher proportion of polymer retards the release rate of
zaleplon. From the DP5, DE5 and DE10 values, it is evident
that the 1:5 ratios of poloxamer F68 has shown faster dissolution
rate than any other binary systems of zaleplon. However, no
significant difference was found in dissolution rate among the
polymers used when compared statistically. The order of
efficiencies of polymers based on DE values is, poloxamer F68
(1:5) SD>PVP K30 (1:5) SD>PEG 6000 (1:3) SD.

The rapid dissolution of zaleplon from solid dispersion
may be attributed to decrease in the crystallinity of drug and
its molecular and colloidal dispersion in hydrophilic carrier
matrix. As soluble carrier dissolves, the insoluble drug gets
exposed to dissolution medium in the form of very fine
particles for quick dissolution (29,30). The other factors that
might be contributing in enhancing the dissolution rate are
greater hydrophilicity and surfactant property of polymers,
increased wettability and dispersibility and particle size
reduction of drug (31). The greater hydrophilicity and
surfactant property of polymers results in greater wetting
and increases surface available for dissolution by reducing
interfacial tension between hydrophobic drug and dissolution
media. During dissolution experiments, it was noticed that

drug carrier systems sank immediately, whereas pure drug
floated on the surface of dissolution medium for a longer
period of time. Further, solvent evaporation technique results
in uniform distribution of drug in the polymer.

SUMMARY AND CONCLUSION

The dissolution profile of a poorly water-soluble drug,
zaleplon, from its solid dispersion systems with various
hydrophilic polymers has been investigated. The solid-state
properties of binary systems were characterized by powder
XRD and DSC, showed gradual decrease in the crystallinity
of drug in the binary systems of zaleplon with increase in the
proportion of carrier. The study shows that the dissolution
rate of zaleplon can be enhanced to a great extent by solid
dispersion technique using solvent method. Based on the
results, Solid dosage forms containing zaleplon for oral
administration could be manufactured with poloxamer F68,
PVP K30 or PEG 6000 with high dissolution rate to improve
its bioavailability to some extent.
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