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Abstract. Zolpidem tartrate is a non-benzodiazepine analogue of imidazopyridine of sedative and hyp-
notic category. It has a short half-life with usual dosage regimen being 5 mg, two times a day, or 10 mg,
once daily. The duration of action is considered too short in certain circumstances. Thus, it is desirable to
lengthen the duration of action. The formulation design was implemented by preparing extended-release
tablets of zolpidem tartrate using the biphasic delivery system technology, where sodium starch glycolate
acts as a superdisintegrant in immediate-release part and hydroxypropyl methyl cellulose as a release
retarding agent in extended-release core. Tablets were prepared by direct compression. Both the core and
the coat contained the drug. The pre-compression blends were evaluated for angle of repose, bulk density,
and compressibility index. The tablets were evaluated for thickness, hardness, weight variation test,
friability, and in vitro release studies. No interaction was observed between zolpidem tartrate and
excipients from the Fourier transform infrared spectroscopy and differential scanning calorimetry analysis.
The results of all the formulations prepared were compared with reference product Stilnoct®. Optimized
formulations showed release patterns that match the United States Pharmacopeia (USP) guidelines for
zolpidem tartrate extended-release tablets. The mechanism of drug release was studied using different
mathematical models, and the optimized formulation has shown Fickian diffusion. Accelerated stability
studies were performed on the optimized formulation.

KEY WORDS: biphasic delivery system technology; hydroxypropyl methyl cellulose; modified release;
sodium starch glycolate; zolpidem tartrate.

INTRODUCTION

Insomnia is a disorder that includes difficulty in initi-
ating sleep, difficulty in maintaining sleep, or waking too
early without being able to return to sleep, causing clini-
cally significant daytime distress or functional impairment
in social, occupational, and/or other important areas of
functioning. It is important to consider the efficacy for
sleep onset as well as sleep maintenance, when selecting a sleep
medication (1).

Benzodiazepines (BZDs) were the popular drugs for
insomnia, but in view of next-day "hangover" effects,
dependency, and rebound insomnia, there was a need for
drugs without such side effects. Several non-BZD hyp-
notics like the sedating antihistamines, the melatonin re-
ceptor agonists, certain antidepressants, and z-drugs like
zopiclone and eszopiclone, zaleplon, and zolpidem as a
result came to therapy (2).

Zolpidem tartrate (structure shown in Fig. 1) is an
imidazopyridine derivative, non-benzodiazepine, non-
barbiturate hypnosedative that is best prescribed as sleep
aid, having largely replaced the benzodiazepine class as phar-
macologic therapy for insomnia and related disorders.
Zolpidem tartrate is reported to have similar sedative proper-
ties to the BZDs but minimal anxiolytic, muscle relaxant, and
anticonvulsant properties. The low incidence of side effects is,
in part, a consequence of a relatively short half-life in the
circulation. Immediate-release dosage forms of zolpidem tar-
trate which were developed till recently have a rapid onset of
action and short half-life, which shows limited efficacy for
maintaining sleep throughout the night.

This contributed to the development of zolpidem
extended-release dosage forms that enable to sustain release
over a period compatible with the desired time of sleep and
the time needed for elimination of the drug from the human
body to a sufficiently low level (3–5).

Hydroxypropyl methyl cellulose (HPMC) is the dominant
hydrophilic polymer carrier used for the preparation of oral
controlled drug delivery systems (6). It has been used widely
for the development of sustained-release dosage forms such as
matrix tablets of high water-soluble drugs (7). A comparative
study of propranolol hydrochloride release from matrix tab-
lets with Kollidon® sustained release (SR) or hydroxypropyl
methyl cellulose has been reported (8). The possible
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mechanisms of drug dispersion using different grades of
HPMC have been discussed for directly compressed indo-
methacin tablets (9).

A biphasic delivery system is formulated when a single
constant rate of drug release cannot satisfy the therapeutic
objective of maintaining sleep. Such a system can be achieved
by the application of an immediate-release layer to the con-
ventional layered matrix tablet. These systems can release the
drug at two different rates or in two different periods of time:
either quick/slow or slow/quick. A quick/slow-release system
gives an initial burst of drug release followed by a constant
rate of release over a defined period of time. It is useful when
maximum relief needs to be achieved quickly and then follow-
ed by a sustained-release phase to avoid repeated administra-
tion (10). Drug release from a quick/slow biphasic delivery
system for metoclopramide hydrochloride using the
superdisintegrant Ac-di-sol for the fast-release layer and hy-
droxypropyl methyl cellulose K100M and Ucarflock 302 to
modulate the release of the drug has been reported (11).

The pharmacokinetics of zolpidem, with around 2.5 h
half-life, can lead to sub-therapeutic effects on sleep mainte-
nance in the later portion of the night for some patients. In an
effort to expand the coverage of sleep complaints and over-
come the lack of efficacy in sleep maintenance, biphasic
zolpidem tartrate tablet was prepared by using sodium starch
glycolate as a superdisintegrant in the portion of immediate-
release coat and cellulose polymers like different grades of
hydroxypropyl methyl cellulose (HPMC K4M CR, HPMC
K15M CR, and HPMC K100M CR) as release retardants in
the core. The tablet was designed to mimic initial dosing while
the controlled release of drug maintains a plasma concentra-
tion for a longer duration of time. This could reduce the
number of nocturnal awakenings and provide clinical benefits
beyond that of the original immediate-release formulation of
zolpidem (12–14).

The major objectives of this study were to develop and
evaluate a biphasic delivery system, to achieve a quick/slow
release of the drug, to study the influence of the type of matrix
core on the in vitro performance, to obtain a slow drug release
period at a constant rate (zero-order kinetics), and to evaluate
the combined effect of a fast-release coat together with a
controlled-release core.

The tablet-in-tablet approach has some potential advan-
tages against bilayer tablets. Hence, in the present work,
formulations of tablet-in-tablet for zolpidem were prepared
and compared with bilayer reference product Stilnoct®. It was
used for the development of a quick/slow formulation with
core containing a sustained-release tablet which is coated by
compression over the whole surface with a fast-disintegrating

formulation. From the viewpoint of manufacturing, this tech-
nology is an attractive alternative to bilayer or multilayer
tablets. In the manufacturing of multilayer tablets, there is a
chance of additional layers getting adhered to the pre-
compressed layers during the double-layer or multilayer
tableting process, thus making the process difficult.
Furthermore, because this system uses conventional
manufacturing methods, it is more acceptable to the industry.

The marketed formulation used as reference is avail-
able as bilayer tablets, but we have prepared a tablet-in-
tablet biphasic delivery system. A bilayer tablet can exhibit
certain disadvantages. In particular, both layers are ad-
hered to each other by compression. Thus, they may be
separated relatively easily by improper handling. Further,
film coating of both layers is essentially necessary, which
makes the process tedious. When wet granulation tech-
nique is used or necessary for the preparation of bilayer
tablets, it makes the process costlier or less economical, to
form a granulate which is then compressed into the tablet
layer (15).

Pharmaceut ica l aspects of b iphas ic del ivery
compression-coated tablets in dosage form development
are as follows: (a) to protect hygroscopic, light-sensitive,
oxygen labile, or acid-labile drugs; (b) to separate incom-
patible drugs from each other and achieve sustained re-
lease; (c) and to modify drug release pattern (delayed,
pulsatile, and programmable release for different drugs in
one tablet).

Moreover, the tablet-in-tablet biphasic delivery system
to be used as an oral dosage form provides the following
advantages: (a) the immediate-release coat and SR core in
their fixed positions, and therefore, no problem of sepa-
ration (b) film coating is not required; (c) elimination of
the bitter taste and unpleasant smell of the active phar-
maceutical ingredient; (d) elimination of water or other
solvent in the coating procedure and thereby decreasing
the possible degradation of the active pharmaceutical in-
gredient; (e) easier and more economical manufacturing
processes; and (f) additionally, the compression coatings
may include flavoring agents and pharmaceutically accept-
able colorants or opacifiers which could improve the pa-
tient’s compliance and acceptance with the drug regimen
(16).

The author(s) worked for the development of biphasic
delivery system of zolpidem tartrate as there is no compara-
tive study report on different grades of HPMC used for de-
velopment of such a biphasic delivery system and its industrial
or commercial benefit over the marketed bilayer tablets when
compared.

MATERIALS AND METHODS

Materials

Zolpidem tartrate was provided by M/s Aarti Drugs Ltd.
(Mumbai, India). HPMC (Methocel) K4M CR, K15M CR,
and K100M CR were obtained from Colorcon Asia Pvt. Ltd.
(Mumbai, India). Lactose monohydrate (Pharmattose) was
obtained from Loba Chemie Pvt. Ltd. (Mumbai, India).
Tartaric acid was obtained from Triveni Chemicals (Vapi,
India). Magnesium stearate was obtained from Yashica

Fig. 1. Structure of zolpidem tartrate
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Pharmaceuticals Pvt. Ltd. (Thane, India). Sodium starch
g lyco la te was obta ined f rom Prach in Chemica l s
(Ahmedabad, India). Microcrystalline cellulose (Avicel PH
102) was supplied by Juku Chemicals Pvt. Ltd. (Chennai,
India). LubriTose AN was obtained from Kerry Ingredients
India Pvt. Ltd. (Bangalore, India). All other materials and
chemicals procured for the studies were of analytical grade
and were used as such as obtained.

Preparation of Biphasic Delivery System Tablets

The biphasic delivery system tablets were prepared by
compressing the core components to a smaller tablet, forming
a central core, followed with a compression of coat component
powder mixture to produce a final tablet.

Slow-Release Component (Core Tablet)

The modified-release tablets were prepared by direct
compression method. Active ingredient along with the excip-
ients except magnesium stearate were accurately weighed and
passed through mesh 40 and blended for 10 min. Magnesium
stearate was weighed, passed through mesh 60, and mixed for
1–3 min. The formula for core tablet formulations contained
10%, 15%, and 20% w/w of HPMC of core tablet weight.
Lactose monohydrate is used as a tablet diluent. Tartaric acid
is used to get drug release independent of external pH by
maintaining the pH of the core in natural pH conditions. So,
the dissolution is independent of pH in the second release
pulse. Magnesium stearate is used as a lubricant. The resulting
blend was subjected to compression using compression ma-
chine (KMP–8, Kambert mini rotary compression machine)
employing 6-mm round standard concave punch. The total
weight of tablets was kept constant at 70 mg. In addition to
being used for biphasic release system preparations, they were
used as single units to evaluate the effect of compression on
the structure and in vitro dissolution behavior.

Fast-Release Component (External Layer)

The powder used to coat the core was formulated to
obtain a quick release of the drug. The composition contained
zolpidem tartrate, sodium starch glycolate, microcrystalline
cellulose (Avicel PH 102), and LubriTose AN. Sodium starch
glycolate was used as a superdisintegrant for the immediate
release of the drug. Avicel PH 102 was used due to its good
compaction and disintegration properties. LubriTose AN con-
tains anhydrous lactose and glyceryl monostearate which act
as tablet diluent and lubricant, respectively. The active ingre-
dient and excipients were accurately weighed and passed
through mesh 40 and then blended for 10 min before
compression.

Biphasic Delivery System

For the preparation of the biphasic delivery system, the
die of the tableting machine was first filled manually with the
half the amount of the fast-release component, and then, core
tablet was placed carefully at the center. The remaining half of
the fast-releasing powder was added to coat the core tablet.
The formulations differed in the grade and concentration of

HPMC used in the preparation of the core tablet and in the
concentration of sodium starch glycolate used in the
immediate-release part. Even the amount of zolpidem tartrate
used in core and coat part was varied as per requirement.
Composition of formulations F1 to F15 is given in Table I.
Compressed core tablet systems were prepared by direct com-
pression, using 9-mm standard concave punch. The total
weight of tablet obtained was 280 mg.

Evaluation of Tablets

Physical Characterization of Core Tablets and Biphasic
Delivery System Tablets

Core tablets and the biphasic delivery system tablets were
characterized for weight variation (analytical balance
AUX220, Shimadzu), thickness (digital vernier caliper
ABSOLUTE 500-196-20, Mitutoyo, Mumbai, India), hardness
test (Monsanto hardness tester MHT-20, Campbell
Electronics, Mumbai, India), and friability (friabilator,
Electrolab EF-1W, Mumbai, India).

In Vitro Release Testing

The in vitro release tests were performed using United
States Pharmacopeia (USP) dissolution apparatus type I
(Electro lab USP XXII, TDT-08L, Mumbai, India) equipped
with basket which was operated at 100 rpm speed. The disso-
lution media used were 500 mL of 0.01 N hydrochloric acid
(pH 2). The temperature was maintained at 37±0.5°C. At
predetermined time intervals, 10-mL sample was withdrawn
and was replaced with an equal volume of fresh dissolution
medium. The samples were analyzed spectrophotometrically
using UV–vis spectrophotometer (Shimadzu, model UV-1650
PC, Japan) at 295 nm. The cumulative fraction of the drug
release was calculated from the total amount of zolpidem
tartrate and plotted as a function of time. Dissolution studies
(n=3) were performed on both press-coated tablets and core
tablets to investigate the effect of compression on the dissolu-
tion behavior (17).

The dissolution profiles from press-coated tablets were
compared with marketed product Stilnoct® using a similarity
factor (f2) (18):

f 2 ¼ 50⋅Log 1þ 1
n

� �X
t¼1

n
Rt–Ttð Þ2

� �– 0:5

⋅100

( )
ð1Þ

where Rt and Tt are the percentage of drug dissolved at each
time point for the test and reference product, respectively. The
US Food and Drug Administration and the European Agency
for the Evaluation of Medicinal Products have suggested that
two dissolution profiles can be considered similar if f2 is be-
tween 50 and 100 (19,20).

Release Drug Data Modeling

The suitability of several equations that are reported in
the literature to identify the mechanisms for the release of
zolpidem tartrate was tested with respect to the release data.
Some diffusion models (Korsmeyer-Peppas) are expected to
be valid only up to ~60% cumulative drug released, so the
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data for analysis were restricted to that range, excluding also
the lag time (21,22). The data were evaluated according to the
following equations:

Zero-order model (23):

Mt ¼ M0 þK0t ð2Þ

First-order model (24,25):

logC ¼ logC0−K1t=2:303 ð3Þ

Higuchi model (26,27):

Mt ¼ KH√t ð4Þ

Korsmeyer-Peppas model (28,29):

log Mt=M∞ð Þ ¼ logKK þ n⋅logt ð5Þ

Hixson-Crowell model (30):

W1=3
0 −W1=3

t ¼ Kst ð6Þ

where Mt is the amount of drug dissolved in time t, M0 is the
initial amount of drug, K0 is the zero-order release constant, C
is the concentration of drug at time t, C0 is the initial concen-
tration of drug, K1 is the first-order release constant, KH is the
Higuchi rate constant, Mt/M∞ is a fraction of drug released at
time t, KK is Korsmeyer-Peppas release constant, n is the
release exponent that characterizes the mechanism of drug
release, W0 is the initial amount of drug in the pharmaceutical
dosage form, Wt is the remaining amount of drug in the
pharmaceutical dosage form at time t, and Ks is the Hixson-
Crowell release constant. The value of n indicates whether the
release mechanism is Fickian diffusion, case II transport, or
anomalous transport. As the tablets in the present study are
convex in shape, the limits considered were n=0.45 (indicates a
Fickian diffusion-controlled drug release) and n=0.89 (indi-
cates a case II relaxational release transport) and values be-
tween 0.45 and 0.89 (indicate both phenomena of coupling of
drug diffusion in the hydrated matrix with polymer relaxation,
commonly called anomalous non-Fickian transport). Values of
n greater than 0.89 indicate super case II transport, in which a
pronounced acceleration in solute release by a film occurs
toward the latter stages of release experiments, resulting in a
more rapid relaxation-controlled transport (30–33).

Compatibility Studies

Drug-excipient compatibility study was conducted by pre-
paring homogenous mixture of excipients with drug and filled
in transparent glass vials. Glass vials were stored at 40±2°C/75
±5% relative humidity (RH) for 3 months. Samples were
observed periodically for any physical change at 1, 2, and 3
months, and Fourier transform infrared spectroscopy (FTIR)

and differential scanning calorimetry (DSC) studies for the
samples were conducted after 3 months.

DSC Study

Differential scanning calorimetry studies of pure drug
and polymers as well as drug–polymer mixtures were per-
formed using a Toledo DSC (Mettler Star SW 9.20) to deter-
mine compatibility. The analysis was performed at a rate of
40°C min-1 from 20°C to 300°C temperature ranges under
nitrogen flow of 25 mL min−1.

Fourier Transform Infrared Spectroscopy

Compatibility studies of pure drug, polymers, and the
physical mixture of drug and polymers were carried out using
FTIR spectrophotometer (Shimadzu FTIR 8400-S) in the
scanning range of 400–4,000 cm−1 by KBr disc method.

Stability Studies

Tablets were strip packed and stored at stability chamber
(Tabai Espec Corp., Osaka, Japan) at 40°C/75% RH for 12
weeks. After 3 months, tablet strips were taken out from the
chamber and tested for appearance, hardness, thickness, as-
say, and in vitro drug release.

RESULTS

Evaluation of Tablets

Physical Characterization of Core Tablets and Biphasic
Delivery System Tablets

The physical properties (weight, thickness, hardness, and
friability) of the core tablets and biphasic delivery system
tablets for all the formulations were noted. The average
weight of all core tablets was in the range 70±2.5 mg. The
biphasic delivery system tablets were in the weight range of
280±2 mg. The thickness of the core tablets was in the range of
2.31±0.29 mm, while that of biphasic delivery system tablets
was in the range of 4.09±0.09 mm. The prepared core tablets
as well as biphasic delivery system tablets in all the trials
possessed good mechanical strength with sufficient hardness
of 5.5±0.5 and 6.5±0.5 kp, respectively. The friability of all the
tablets was found to be within the limit (<1%). The percent-
age of drug content among different formulations of the tab-
lets ranged 99.36±1.54% which was within acceptable limits.

Dissolution Testing of Biphasic Delivery System Tablets

The release profile of all the prepared biphasic delivery
system tablets is shown in Table II, while Table III shows the
release profiles of core tablets of all the prepared formula-
tions. Figure 2 shows the release profiles of zolpidem tartrate
from the biphasic delivery system of formulations F5, F10,
F14, and F15 comparing with the marketed product Stilnoct
ER 12.5 mg. Figure 3 shows the contributions of each compo-
nent (quick/slow) to the release profile of zolpidem tartrate
from biphasic delivery system tablets of F14 containing
HPMC K4M as a prolonged release component. In the release
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of the drug from the core tablets, different dissolution profiles
were observed. From the plots of Fig. 3, it can be seen that the
release rates are affected by the composition of the core
present in the biphasic delivery system.

It was found that the cumulative percentage of drug
release decreases with increasing the polymer concentration
as well as with the increase in viscosity grade of the polymer.
Similarity factor was calculated and the formulation F14 was
found to have f2=78. Thus, F14 was considered as optimized
formula.

Drug Released from Biphasic Delivery System Tablets

The results for the fitting of the kinetic model for drug
release from core and biphasic delivery system are shown in
Table IV. The values for the release rate constants (K0, K1,
KH, KK, and Ks), the correlation coefficients (R2), and the
release exponent (n) are considered. The correlation
coefficient (R2) was used as an indication of the best fit, for
each of the models considered.

For the optimized formulation F14, Korsmeyer-Peppas
plot showed linearity with correlation coefficient (R2) 0.971,
and the n value was found to be 0.281, indicating Fickian
diffusion. The results for the cores (R2 slightly higher for the
Higuchi model, 0.958, than for the first-order model, 0.933,
and n=1.23) indicate super case II transport.

Fig. 2. Dissolution profiles of formulations F5, F10, F14, and F15 and
Stilnoct ER 12.5 mg

Fig. 3. Dissolution profiles from compressed core tablets, fast compo-
nent, and core tablets of formulation F14
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Fourier Transform Infrared Spectroscopy

The interaction between the drug and the excipients of-
ten leads to identifiable changes in the infrared (IR) spectra of
the drug excipient mixture in the formulation. The IR spectra
of drug excipient mixture were compared with the standard
spectrum of zolpidem tartrate.

The IR spectrum of pure drug showed a peak at
2,924.09 cm−1 indicating aromatic =C–H stretching, a peak at
1,643.35 cm−1 due to C=O amide stretching. A tertiary amine
stretching gave a doublet at 1,265.30 and 1,303.88 cm−1. The IR
spectra of drug with HPMC K100M CR showed peaks at
2,916.93 and 1,648.87 cm−1 and a doublet at 1,260.32 and
1,308.87 cm−1; spectra of drug with HPMC K15M CR
showed small peak shifts to 2,917.42 cm−1, 1,648.51 cm−1,
and a singlet at 1,260.36 cm−1 and that of drug with HPMC
K4M CR showed small peak shifts to 2,918.29 cm−1,
1,649.06 cm−1, and a singlet at 1,260.53 cm−1. The spectrum
reveals the characteristic peaks for the important functional
groups in the drug structure are retained, indicating no
significant interaction between the drug and the excipients
used in the formulations. The overlay of IR spectra is shown
in Fig. 4.

Differential Scanning Calorimetry

Differential scanning calorimetry enables the quantitative
detection of all processes in which energy is utilized or pro-
duced (endothermic or exothermic phase transformations).
The DSC thermogram of pure drug, pure polymers, and
blends of drug and polymers overlay is shown in Fig. 5. The
DSC thermogram of zolpidem tartrate showed sharp endo-
thermic peak at 190°C corresponding to its melting point. The
DSC thermograms of zolpidem tartrate with different grades
of polymers used in formulations showed the endothermic
peaks at 90°C to 100°C. The DSC thermograms of zolpidem
tartrate with polymer HPMC K100M CR showed a marked
decrease in endothermic peak height. With polymers HPMC
K15M CR and HPMC K4M CR also, a decrease in the endo-
thermic peak is observed, indicating the drug is homogeneous-
ly distributed in the polymer or the drug may have dissolved in
the melted excipients and this reduced the drug endotherm.

Stability Studies

Accelerated stability studies performed on the final opti-
mized formulation (F14) showed that the parameters like
general appearance, hardness, thickness, assay, and in vitro
dissolution study were within the specified limits as shown in
Table V.

DISCUSSIONS

The physical properties (weight, thickness, hardness, and
friability) of the core tablets and compressed core tablet systems
for all the formulations were within the acceptable limits. From
the dissolution study, the release profiles are characterized by a
burst release within 30 min, followed by a slow-release period,
typical of a biphasic quick/slow delivery system. For all formu-
lations, upon contact with the dissolution media, the modified-
release tablets rapidly disintegrated into the fast-releasing phase
and the matrix core tablets. The prompt tablet disintegration
was due to the presence of sodium starch glycolate, which swells
very quickly on contact with the dissolution medium. After the
initial phase, the release was dependent on the composition of
the matrix core, in particular, the grade and concentration of

Table IV. Modeling of Dissolution Profiles

Tablet system

Zero-order First-order Higuchi model Korsmeyer-Peppas model Hixson-Crowell model

R2 K R2 K R2 K R2 n K R2 K

Core + outer layer 0.892 0.145 0.914 −0.006 0.958 3.773 0.971 0.281 20.04 0.944 −0.012
Core 0.892 0.145 0.933 −0.001 0.958 3.773 0.917 1.23 0.05 0.920 −0.002

Fig. 4. The overlay of IR spectra of A zolpidem tartrate, B HPMC
K4M CR, C HPMC K15M CR, D HPMC K100M CR, E zolpidem
tartrate + HPMCK4M CR blend, F zolpidem tartrate + HPMC K15M
CR blend, and G zolpidem tartrate + HPMC K100M CR blend
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HPMC. The ability of theHPMCparticles to hydrate and form a
gel layer around a core is well-known and is essential to sustain-
ing and controlling the release of a drug from the matrix (34).
Throughout the dissolution test, a continuous gel layer formed
in theHPMCmatrix core was responsible for guiding the release
of the drug.

In the biphasic delivery system developed by Maggi
et al. (35), the in vitro dissolution tests showed that the
drugs (ketoprofen and praziquantel) contained in the fast-
release layer dissolved within 15 min because of the pres-
ence of sodium starch glycolate, while the drug contained in
the HPMC-prolonged release layer was released at

Table V. Accelerated Stability Study Results

Sr. no Test Specification

40±2°C, 75±5% RH

Initial 12th week

1 Color Off-white tablet No color change No color change
2 Hardness (kp) 6.5±0.5 6.5±0.5 6.5±0.5
3 Thickness (mm) 4.00±0.5 4.09±0.09 4.08±0.08
4 In vitro dissolution (%) 30 min (50–70%) 53.62±1.71 51.24±1.93

90 min (70–85%) 70.28±2.12 70.07±1.08
240 min (NLT 90%) 94.37±1.99 93.66±1.99

5 Assay (%) 90–110 99.36±1.54 98.72±2.64

RH relative humidity

Fig. 5. The overlay of DSC thermograms of A zolpidem tartrate, B HPMC K4M CR, C HPMC K15M CR,
D HPMC K100M CR, E zolpidem tartrate + HPMC K4M CR blend, F zolpidem tartrate + HPMC K15M

CR blend, and G zolpidem tartrate + HPMC K100M CR blend
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different times, depending on the percentage and viscosity
grade of the HPMC.

It was found that the cumulative percentage of drug release
decreases with increasing the polymer concentration as well as
with the increase in viscosity grade of the polymer. F14 was
considered as optimized formula by calculating the similarity
factor. This formulation showed that the drug release was as
per USP limits for zolpidem tartrate extended-release tablets by
releasing 50–70% drug within 30 min, followed by 70–90%
release in 90 min and not less than 90% at the end of 4 h (17).

For the optimized formulation F14, Korsmeyer-Peppas plot
indicated that Fickian diffusion is an important mechanism. The
results for the cores indicate super case II transport. However,
the analysis of the results applying these mathematical models is
purely empirical, and no definitive conclusion can be drawn
concerning the dominant mass transport mechanisms.

Compatibility studies reveal that the drug is compatible
with the all excipients used in the formulation. The stability
studies concluded that the formulation can withstand to the
general stress conditions of temperature and humidity.

CONCLUSIONS

Abiphasic release system was achieved by a quick/slow deliv-
ery, characterized by an initial rapid release phase, followed by a
period of slow release. The results obtained with the dissolution
tests showed that the release profile is dependent on both the grade
and amount of polymer in the core tablet. The developed formu-
lations werematchedwith Stilnoct ER for drug release profile. The
similarity factor (f2) and dissimilarity factor (f1) were calculated,
and it was concluded that the formulation F14 of this modified-
release biphasic delivery system tablets would be a promising
formulation for the treatment of chronic insomnia by supporting
sleep maintenance. This formulation followed the USP limits for
drug release of zolpidem tartrate extended-release tablets. Thus,
the optimized formula F14, containing 4% sodium starch glycolate
in immediate-release coat and 15% w/w of HPMC K4M CR in
extended-release core, can show improved efficacy and better
patient compliance. The biphasic release systems of selective drugs
rationally can meet the benefits of pharmacotherapy.
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