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ABSTRACT

The objective of this study was to prepare solid dispersions of carbamazepine
(CBZ) using polyethylene glycol (PEG) 4000 and PEG 6000, measure the disso-
lution, and characterize using x-ray diffraction, DSC, and IR spectroscopy. Solid
dispersions were prepared by either the melt or solvent methods. A comparison
of dissolution profiles of the solid dispersions indicated dramatic increases in the
rate and extent of CBZ dissolution from solid dispersions. The dissolution of physi-
cal mixtures provided evidence of the solubilizing effects of PEGs. Untreated CBZ
exhibited 10.09 + 2.92% dissolution in 10 min (D,,); whereas, a melt of PEG
6000 and CBZ at a ratio of 6:1 provided 36.49 + 1.97% and a melt of PEG 4000
and CBZ at a ratio of 6:1 gave a Dy, of 23.59 + 1.45%. The rate and extent of
dissolution of CBZ were significantly higher when blends of the PEGs were em-
ployed to prepare solid dispersion. The melt method provided significantly higher
rate and extent of dissolution of CBZ than the solvent method. Also, the rate and
extent of dissolution of CBZ were significantly greater when the solid dispersion
was cooled at room temperature as opposed to with ice (faster). X-ray
diffractometry revealed almost a complete loss of crystallinity of CBZ in solid
dispersions. IR spectrometry indicated an increase in amorphocity of the PEGs
after melting. IR spectra suggested that no complexation occurred between the
PEGs and CBZ. Alterations in the crystallinity of the system were also supported
by the DSC thermograms. Decreasing heats of fusion implied decrease in crystal-
linity, which would be expected to provide greater dissolution rates. Peak melt-
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ing temperatures obtained from the thermograms ruled out the possibility of the
formation of a eutectic mixture. However, the formation of solid solution could also
be a possible mechanism for the increase in dissolution.

INTRODUCTION

Carbamazepine (CBZ) is the drug of first choice for
the relief of pain associated with trigeminal neuralgia.
CBZ is white to off-white powder and practically in-
soluble in water. The gastrointestinal absorption of CBZ
in humans is slow, unpredictable, and erratic (1). This
neutral drug is highly lipophilic, and its absorption
would be expected to be rapid if higher amounts of CBZ
are dissolved in the gastrointestinal tract, suggesting that
the rate-limiting step is dissolution in the overall absorp-
tion process (2,3). This would also provide consistent
and predictable absorption. One way to achieve better
absorption is to prepare solid dispersions of CBZ to
increase the rate and extent of dissolution.

Solid dispersions were introduced in the early 1960s
(4), and since then a variety of insoluble drugs have
been formulated as solid dispersions (5-9). The term
solid dispersion refers to the dispersion of one or more
active ingredients in an inert matrix at solid state (10).
The matrix is composed of higher molecular weight
water-soluble polymer(s). Solid polyethylene glycols
(PEGs) have been the polymers of choice because they
are inert, nontoxic, and easily available. The type and
amount of PEG and the method of preparation dictate
the dissolution of a drug from solid dispersion (11-13).
Solid-state changes taking place within the physical
structure of the carrier and the drug are considered re-
sponsible for enhanced dissolution. Loss of crystallinity,
formation of solid solution, eutectic mixture, or soluble
complexes either alone or in combination increases the
dissolution. Formulation variables such as the
drug:polymer ratio, properties of the polymer, and tech-
nological variables such as cooling rates, melting tem-
peratures, and type of solvent determine some of these
solid-state structures.

Attempts to understand the mechanisms responsible
for faster dissolution of drugs from such systems have
been reported (13,14-16). Solid state physical changes
within the polymer and the drug were indicated in al-
most all the cases. These changes include formation of
a eutectic mixture, solid solution, soluble complexes,
increased amorphocity, and monotectic systems. Nor-
mally, more than one of these changes determine the
rate and extent of dissolution. X-ray diffractometry

(17,18), differential scanning calorimetry (DSC} (11),
and infrared spectroscopy (IR) (19) are routinely em-
ployed to study these systems. X-ray diffraction detects
the changes in the crystallinity of the system; DSC reg-
isters thermal behavior of the system in terms of melt-
ing temperature and heat of fusion. IR spectra reveal
complexation between the drug and the polymer and
crystallographic changes.

The objective of this study was to prepare solid dis-
persions of CBZ using PEGs and optimize the above-
mentioned formulation variables to enhance the dissolu-
tion of CBZ. The present study characterized the
CBZ-PEG 6000/4000 solid dispersion systems solidified
at different cooling rates. X-ray diffraction, DSC, and
IR were used to investigate the solid state physical struc-
ture of the CBZ-PEG solid dispersion system

MATERIALS AND METHODS

Materials

The following materials were used as received:
carbamazepine, PEG 4000, PEG 6000 (Sigma Chemi-
cal Co., St. Louis, MO), potassium dibasic phosphate,
sodium hydroxide, chloroform, acetonitrile (Fisher Sci-
entific, Fairlawn NJ), and absolute alcohol (Florida
Distillers Co., Lake Alfred, FL).

Methods

Composition of Solid Dispersions

The solid dispersions were composed of either 4 or
6 parts of PEG 4000 and/or PEG 6000 for every part
of CBZ.

Preparation of Solid Dispersions

Melt Method

The required amounts of PEG were melted in an
aluminum dish on a hot plate. CBZ was added to this
molten mass; heating and stirring was continued until a
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homogenous liquid was obtained. The liquid was cooled
either (a) at room temperature (slower cooling), (#) on
an ice bath (faster cooling), or (c¢) by blowing ambient
air.

Solvent Method

The PEG was dissolved in absolute alcohol and CBZ
was dissolved in chloroform. The solutions were mixed
followed by evaporation of the solvent in a water bath.

The dispersions prepared by either of the above
methods were stored in a desiccator for hardening. The
dispersions were passed through U.S. standard sieve
#60.

Physical mixtures were prepared by mechanically
mixing the appropriate amounts of PEG and CBZ. Prior
to being mixed, the components were passed through a
U.S. standard sieve #60.

Stability of CBZ During Preparation of Solid
Dispersions

Assessment of degradation of CBZ during prepara-
tion of solid dispersions was conducted by a stability
indicating high-performance liquid chromatographic
(HPLC) assay method. Chromatograms of CBZ in solid
dispersions showed identical retention time and area
under the curve, indicating no degradation of CBZ dur-
ing preparation of solid dispersions.

Nonequilibrium Solubility Studies

Dissolution studies were conducted in a 1000-ml,
three-necked, round-bottom flask containing 700 ml of
simulated intestinal fluid, USP (without enzymes) main-
tained at 37 + 0.5°C and stirred at 75 rpm by means
of a sleeve stirrer at a depth of 2 cm from the bottom
of the flask. Powders containing 100 mg of CBZ were
introduced into the flask; seventeen 3-ml samples (with
medium replaced each time) were withdrawn over a
period of 6 hr. The samples were filtered through 0.45
um filters and diluted with an equal amount of absolute
alcohol to prevent possible precipitation of CBZ. The
samples were assayed for CBZ concentrations by UV
spectrophotometry at 285 nm. All the products were
studied at least in duplicate.

X-Ray Diffraction

Solid dispersion, CBZ physical mixture, and a mix-
ture of pure PEGs were subjected to x-ray diffraction in
a Siemens Nicolet 12 diffractometer using CuKo radia-
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tion. Diffractographs were compared for the presence or
absence of peaks and peak intensities.

Infrared Spectroscopy

The spectra of pure CBZ, pure PEGs, solid disper-
sions, and the corresponding physical mixtures were
recorded with a Perkin-Elmer Series 1600 FT-IR spec-
troscope. The samples were prepared as potassium bro-
mide discs. The spectra were compared for migration or
loss of typical CBZ and PEG bands.

Differential Scanning Calorimetry

A DuPont DSC Cell Base was used with samples
ranging in weight from 5.4 to 6.7 mg and a heating rate
of 10°C per min from 0 to 250°C. Peak transition tem-
perature and the heat of melting were determined by
means of a Thermal Analyst 2000 (TA Instruments).
Indium was used as a reference. The peak transition
temperatures and heat of fusion of the pure components,
solid dispersions, and corresponding physical mixtures
were compared.

Statistical Comparisons

The dissolution profiles were compared using two
parameters: D,,, the percent of CBZ dissolved at 10
min, and D,4,, the percent of CBZ dissolved at 360
min. The comparisons were made among the methods
and carriers by ANOVA and least squares difference at
p < 0.05.

RESULTS AND DISCUSSION
Nonequilibrium Solubility Studies

Fig. 1 compares dissolution profiles of PEG
4000:CBZ (6:1) dispersions and PEG 6000:CBZ (6:1)
dispersions. Preparations containing 6 parts of PEG
4000 and 6 parts of PEG 6000 displayed D, of 23.59
+ 1.45%, and 36.49 3+ 1.97%, respectively. This in-
dicates that PEG 6000 is a better carrier than PEG
4000. Preparations containing 4 parts of PEG 6000 or
PEG 4000 support this observation. Preparations com-
posed of 4 parts of PEG 6000 exhibit a 45% higher D,
than the preparations containing 4 parts of PEG 4000.
PEG 6000 products gave higher D¢, than correspond-
ing PEG 4000 products.

A comparison of dispersions containing different
amounts of the same PEG shows that the higher the

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/30/12

For personal use only.

1170

120

1001

% of Dissolved Drug

(o] T T Y T T T T
0 50 100 150 200 250 300 350 400
Time {min)

Fs— PEG 6000 —®~— PEG 4000 —A— CBZ I

Figure 1. Dissolution profiles of pure carbamzepine (CBZ)
and from CBZ:PEG 4000 and CBZ:PEG 6000 prepared by
melt method (ice-cooled) at 37°C in phosphate buffer (pH
7.4).
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Figure 2. Dissolution profiles of pure carbamazepine (CBZ)
and from CBZ:PEG 6000 (1:4 and 1:6) solid dispersions pre-
pared by melt method (ice-cooled) at 37°C in phosphate buffer
(pH 7.4).
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amount of PEGs, the higher the D,, values (Fig. 2).
Dispersions containing the higher amount of PEG 6000
exhibit 17% higher D,,. However, no significant differ-
ences in D, are seen and also the amount of PEG 4000
had no effect on the dissolution profiles.

Dissolution profiles of dispersions containing a mix-
ture of PEG 4000 and PEG 6000 are given in Fig. 3.
A 1:1 mixture of PEG 4000 and PEG 6000 was tested
with different concentrations of CBZ. Preparation con-
taining 6 parts of this mixture shows a D, of 43.63 +
3.5% as opposed 36.49 + 1.97% and 23.59 + 1.45%
for PEG 6000 and PEG 4000 dispersions, respectively.
This preparation also displays complete release of CBZ
compared to 88% release for PEG 6000. Multi-PEG
preparations also supported the earlier observation that
the higher the amount of PEGs, the faster is the disso-
lution.

The results presented here demonstrate that the use
of PEG 4000 and PEG 6000 as solid dispersion carri-
ers increase the rate and extent of dissolution of CBZ.
However, the magnitude of enhancement depends upon
the molecular weight of the PEGs, concentration of
CBZ in the dispersion, method of preparation, and rate
of cooling in the melt method.
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Figure 3. Dissolution profiles of pure carbamazepine (CBZ)
and from CBZ:PEG 6000 and CBZ:PEG mixture (PEG 4000
and PEG 6000, 1:1) solid dispersions prepared by melt method
(ice-cooled) at 37°C in phosphate buffer (pH 7.4).
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Physical Mixtures

Tables 1 and 2 compare dissolution profiles of PEG
solid dispersion and corresponding physical mixture. All
physical mixtures show higher dissolution than pure
untreated CBZ. However, solid dispersions display
faster and often higher dissolution than the correspond-
ing physical mixtures. The physical mixtures demon-
strated the solubilizing effect of PEGs. PEG 6000 en-
hanced the rate and extent of dissolution better than
PEG 4000.

Effect of Method of Preparation on Dissolution

Fig. 4 compares dissolution profiles of dispersions of
identical compositions prepared using different methods.
The solid dispersions prepared by the melt method us-
ing single and multi-PEG dispersions show faster and
higher dissolution than those prepared by the solvent
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method. The dispersions prepared by the melt method
containing a blend of PEGs show a 30% higher D,, and
complete dissolution when compared to the solid disper-
sion prepared by solvent method.

Effect of Cooling Rate on Dissolution

Fig. 5 compares dissolution of dispersions subjected
to different cooling rates. The melt solidified at room
temperature exhibits strikingly higher D, (86.25 +
2.22%): a twofold increase over the melt cooled using
ice. Differences in cooling rates do not have any effect
on the extent of dissolution. However, the rates of dis-
solution are significantly different.

PEGs improved the rate and extent of dissolution of
CBZ irrespective of the composition and method of
preparation. In general, the greater the amount of PEG,
the larger the improvement. Solid dispersions contain-
ing combined PEGs had faster and higher dissolution

Table 1

Effects of Formulation Variables on Dissolution of Pure Carbamazepine, Physical Mixture (PM), and
Solid Dispersions (SD) Prepared by Melt Method and Ice-Cooled at 10 min (D,,) and 360 min (D;,,)

Dy, Dsgo

Drug:Carrier Type of CBZ Dissolved (%) CBZ Dissolved

Carrier Ratio Preparation Mean + SD Mean + SD
PEG 4000 1:4 PM 16.45 + 2.05 73.40 + 1.91
1:4 SD 21.39 + 2.12 75.56 + 1.64

1:6 PM 20.38 + 1.31 77.46 + 2.40

1:6 SD 23.59 + 1.45 80.47 + 0.54

PEG 6000 1:4 PM 22.34 + 3.43 73.70 £ 0.10
1:4 SD 31.20 + 1.89 86.12 + 2.33

1:6 PM 28.13 + 4.81 85.46 + 2.12

1:6 SD 36.49 + 1.97 88.34 + 0.36

CBZ Pure drug 10.09 + 2.92 69.55 + 1.82

Table 2

Effects of CBZ:Polyethylene Glycol Mixture (PEG 4000 and PEG 6000) Ratio on Dissolution of
Physical Mixture (PM) and Solid Dispersions (SD) Prepared by Melt Method and Ice-Cooled

Dy D

CBZ Dissolved (%)

360
CBZ Dissolved (%)

CBZ:PEG Ratio Type of Preparation Mean + SD Mean + SD

1:4 PM 19.20 + 1.49 88.13 + 1.48
1:4 SD 26.37 + 3.99 91.10 + 0.81
1:6 PM 34.15 £ 2.09 95.00 + 4.08
1:6 SD 43.61 + 3.50 100.33 + 0.80
CBZ Pure drug 10.09 + 2.92 69.55 + 1.82
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Figure 4. Dissolution profiles of pure carbamazepine (CBZ)
and from CBZ:PEG 6000 solid dispersions prepared by melt
and solvent method at 37°C in phosphate buffer (pH 7.4).

than single PEG preparations. Complete dissolution of
CBZ could be obtained from a blend of the PEGs. The
melt method appeared superior to the solvent method.
The rates of cooling affected the dissolution rates. The
slow-cooled melt provided faster dissolution than the
fast-cooled melt. Mechanisms other than solubilization
play an important role in improving dissolution from the
solid dispersions.

The increased dissolution of CBZ from the physical
mixtures demonstrates solubilizing effects of the PEGs.
However, solid dispersions display significantly higher
and faster dissolution than corresponding physical mix-
tures. Such behavior indicates that mechanisms other
than solubilization play a major role in improving dis-
solution of CBZ. Alterations in the solid-state structures
of the polymer and drug during fabrication of the sys-
tem are responsible for increased dissolution. These
structural changes include: (g) Formation of solid solu-
tion; (b) formation of a eutectic mixture, in which the
components of a homogenous liquid crystallize as dis-
tinct phases upon solidification. In this case, the drug is
present as fine particles; (c) formation of a soluble com-
plex between the drug and the carrier; and (d) forma-
tion of amorphous drug and carrier particles or loss of
crystallinity of drug and polymer.

Figure 5. Dissolution profiles of pure carbamazepine (CBZ)
and from CBZ:PEG 6000 solid dispersions prepared by melt
method and subjected to different cooling rates at 37°C in
phosphate buffer (pH 7.4).

Thermal history of the components dictates the crys-
tallinity of the system. Fusion of PEGs decreases their
degree of crystallinity. Also, the high viscosity provided
by the PEGs retards aggregation and agglomeration of
drug particles. For most solid dispersions more than one
of the above factors is probably responsible for disso-
lution enhancement. Physical analyses of the structure
of solid dispersions would help to determine these
mechanisms.

X-Ray Diffraction

The x-ray diffraction pattern of CBZ (Fig. 6a) re-
vealed high crystallinity of the drug with major diffrac-
tion peaks at a 2Q angle of 13°, 15.8°, and 23.7°. Figs.
6b and 6¢ are the diffraction patterns of untreated PEG
6000 and PEG 4000, respectively, with two major peaks
at 2Q angle of approximately 19.1° and 23.3° for both
PEGs which are highly crystalline, The crystallinity of
untreated PEG 6000 and PEG 4000 has been estimated
to be 92% and 91 %, respectively (20).

The diffraction patterns of the solid dispersions are
shown in Figs. 6d, 6e, and 6f, which represent slow,
intermediate, and fast cooling rates, respectively. All of
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Figure 6. X-ray powder diffractograms of a) pure
carbamazepine; b) pure PEG 6000; c) pure PEG 4000; d) solid
dispersion (CBZ:PEG 6000; slow cooled); e) solid dispersion
(CBZ:PEG 6000; intermediate cooled); f) Solid dispersion
(CBZ:PEG 6000; fast cooled).

these patterns are nearly identical to that of PEG 6000
and PEG 4000. The two major peaks in 6d, 6e, and 6f
in the region of 19.2° and 23.2° represent the PEGs.
The CBZ peak at 15.8° is completely missing in the
slow-cooled and fast-cooled dispersions; whereas, the
intermediate-cooled dispersion shows a small and broad
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hump instead of a sharp peak. The CBZ peak at 13°
disappears in the fast-cooled dispersion and the slow-
cooled and intermediate-cooled dispersion exhibit a
small and broad hump instead of a sharp peak. The
wide PEG peak at 23.2° makes it very difficult to de-
tect the CBZ at 23.7°. This CBZ peak may be absent
or it may have been superimposed by the PEG peak. It
can be concluded that during preparation of solid disper-
sion, the crystallinity of CBZ was at least partially lost.
However, the degree to which the crystallinity was lost
depended on the rate of cooling. The loss of crystallinity
as noted by the intensity of the peaks was the greatest
for the fast-cooled (ice-cooled) dispersion, followed by
the slow-cooled dispersion. However, the rank-order
established on the basis of dissolution rates was differ-
ent.

Infrared Spectroscopy

The IR spectra of CBZ, blend of PEGs, and physi-
cal mixture are shown in Figs. 7a, 7b, and 7c, respec-
tively. The IR spectra of the PEGs is well established
(21). The bands occurring in the region of 1110 cm!
and 1450 cm! as singlets and at 960 cm™! as a doublet
are typical of PEG 6000 and PEG 4000. The IR spec-
trum of the physical mixture shows all of the CBZ and
PEG bands; 1450 cm™! as singlets and at 960 cm™ as
a doublet are typical of PEG 6000 and PEG 4000. The
IR spectrum of the physical mixture shows all of the
CBZ and PEG bands.

The IR spectra of slow, intermediate, and fast cooled
solid dispersions are represented in Figs. 7d, 7e, and 7f,
respectively. Fusion introduces minor, but detectable,
changes in either the width or position of some of the
bands in the spectra of PEGs. The band at 1966 cm!
for untreated PEGs shifted to 1961 cm™ upon fusion
and the band at 1651 cm™! disappeared. Ford and co-
workers showed that the amorphocity of PEGs increased
following fusion and recrystallization (19). The spectra
of CBZ and all solid dispersions showed minor differ-
ences. The CBZ band at 1679 cm™!, 1594 cm™!, and
1385 cm! for untreated CBZ shifted to 1691 cm™!, 1603
cm!, and 1397 cm™!, respectively, in the solid disper-
sions. The intensity of most of the PEG bands in slow-
cooled dispersions (Fig. 7d) was lower than those in the
fast-cooled dispersions (Fig. 7f). This suggests that the
degree of crystallinity of PEGs may be higher in fast-
cooled dispersions. The presence of all CBZ peaks
would indicate no complexation between CBZ and
PEGs.
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Figure 7. Infrared spectra of a) pure carbamazepine; b) pure
PEG 6000; c) pure PEG 4000; d) solid dispersion (CBZ:PEG
6000; slow cooled); e) solid dispersion (CBZ:PEG 6000; in-
termediate cooled); f) solid dispersion (CBZ:PEG 6000; fast
cooled).

Doshi, Ravis, and Betageri
Differential Scanning Calorimetry

DSC thermograms of pure untreated CBZ and un-
treated PEGs are shown in Figs. 8a and 8b, respec-
tively. The major CBZ endotherm at 191°C represents
the CBZ melting point. The endothermic depression at
162°C may represent the loss of water of hydration
from CBZ. The endothermic doublet in Fig. 3b illus-
trates the melting of the two PEGs (63.23°C is the
melting point of PEG 6000 and 59.55°C is the melting
point of PEG 4000).

Fig. 8c is a thermogram of the physical mixture. The
endothermic doublet in the region of 60°C corresponds
to the melting of PEG 6000 and PEG 4000. A very
small endothermic depression in the region of 190°C
corresponds to the melting of CBZ. The amount of CBZ
in the physical mixture was only 14% w/w. Also, a part
of CBZ probably dissolves in the molten PEGs. Both of
these contributed to a small endothermic peak for CBZ
in the physical mixture.

Figs. 8d, 8e, 8f represent thermograms for slow,
intermediate, and fast cooled solid dispersions. All ther-
mograms show only one endothermic peak at tempera-
tures of 61.4, 61.6, and 60.5°C for slow-, intermedi-
ate-, and fast-cooled dispersions, respectively. The
lowest melting point component in the dispersions is
PEG 4000 at 59.55°C. Since no preparation melted at
a temperature lower than 59.55°C, the possibility of
formation of a eutectic mixture can be ruled out.

The DSC data for the CBZ dispersions support the
crystallinity changes noted through the x-ray and infra-
red characterizations. The heat of fusion of untreated
PEGs was 190.8 J/g. This accounts for approximately
90% crystallinity based on the theoretical heats of fusion
of the 100% crystalline polymer of 214 J/g. Among the
three rates of cooling, the heat of fusion increased from
slow cooled (126 J/g) to fast cooled (150.4 J/g) to in-
termediate cooled (177.6 J/g). The heat of fusion of the
dispersions was below that of the pure polymers. The
extent of decrease for each dispersion differed despite
their identical composition. Thus, the differences in the
heats of fusion are due to different cooling rates and
may explain the differences in the dissolution. The
lower the heat of fusion the more amorphous the prod-
uct. Based on this, the three solid dispersions, when
arranged in the decreasing order of amorphocity, gives
the following rank order: slow, fast, and intermediate
cooled. This ranking was parallel to the ranking ob-
tained from the dissolution rates.

In summary, x-ray diffraction revealed almost com-
plete loss of crystallinity of CBZ. IR spectra provided
evidence for increased amorphocity of PEG 6000 and
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Figure 8. DSC thermograms of a) pure carbamazepine; b)
pure PEG 6000; c) pure PEG 4000; d) solid dispersion
(CBZ:PEG 6000; slow cooled); e) solid dispersion (CBZ:PEG
6000; intermediate cooled); f) Solid dispersion (CBZ:PEG
6000; fast cooled).
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PEG 4000 following fusion and recrystallizations and a
lack of complexation between the PEGs and CBZ. DSC
thermograms supported the proposed crystalline
changes. Heats of fusion revealed that crystallinity was
a function of cooling rates. Thermograms confirmed the
ranking of the preparations based on dissolution rates.
DSC data also ruled out the formation of eutectic mix-
ture. Alteration in crystallinity of PEGs and CBZ dic-
tates that the dissolution profiles and formation of solid
solution is also possible.
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