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ABSTRACT

The objective of the study was to demonstrate the utility of near-infrared spectroscopy
(NIRS) for quantitative analysis of a model drug in hot-melt extruded film
formulations. Polyethylene oxide (PEO) films with clotrimazole (CT) as a model
drug were prepared by hot-melt extrusion (HME) incorporating drug concentrations
ranging from 0—20% and analyzed using a Fourier transform near-infrared (FT-NIR)
spectrophotometer in the reflectance mode. High performance liquid chromatography
(HPLC) was the reference method used for this study. The NIR calibration model
derived for CT was composed of 21 frequency ranges that were correlated to the
values quantified using the HPLC reference method. The NIR method developed
resulted in an assayed CT amount in the film matrix to be within 3.5% of the quantity
determined by the reference method. These studies clearly demonstrate that NIRS is a
powerful method for the quantitation of active drug substances contained in films
produced by HME and warrants further investigation.
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INTRODUCTION

The application of near-infrared (NIR) reflectance
spectroscopy to pharmaceutical samples is proving to
be a valuable means of providing fast and reliable drug
information. Researchers have applied NIR reflectance
spectroscopy to quantify the moisture content in
various formulations, to distinguish placebo tablets
from those containing active drug, and to classify
granulations according to physical characteristics.!"!
Buchanan et al. successfully used NIRS to evaluate the
active drug component in film-coated tablets.*! Vari-
ous parameters of different polyethylenes such as
density," molecular weight, and crystallinity'> have
also been determined using NIRS. Workman used
NIRS for the quantification of low density polyethyl-
ene, linear low density polyethylene, and high density
polyethylene in polymer film mixtures.'® The use of
Fourier transform NIR (FT-NIR) spectroscopy for the
quantitative analysis of an active ingredient in complex
matrices such as translucent gels has also been
demonstrated.””! Another study has used NIRS for the
identification of PVC-based films."®! In addition, NIR
spectroscopy has been employed to determine the
matrix composition and to monitor hydration, degra-
dation, and drug release kinetics.!>!%

For pharmaceutical systems, several research
groups have recently demonstrated that hot-melt ex-
trusion (HME) techniques are valuable methods to
prepare granules, pellets, sustained release tablets, and
transdermal and transmucosal drug delivery sys-
tems.!'' ~'® More recently, researchers have proposed
HME as a promising technique for various novel drug
delivery systems, including films."'>'*=2! For phar-
maceutical applications, hot-melt extrusion offers many
advantages over traditional processing techniques.!'¥!
These advantages include: 1) no organic solvents used,
2) fewer processing steps and equipment demands,
3) potential for a continuous process, and 4) lower
processing costs. To produce pharmaceutical dosage
forms via hot-melt extrusion, a pharmaceutical grade
polymer must be selected that can be processed at a
relatively low temperature due to the thermal sensitiv-
ity of many drugs.'*! All components must be
thermally stable at the processing temperature during
the short duration (approximately 30—120 seconds) of
the heating process.

Polyethylene oxide (PEO) was chosen as the film
former due to its low melting point, stability, and
thermoplasticity. Clotrimazole (CT) was used the
model drug due to its high thermal stability and its
clinical applicability in the treatment of oral candidi-
asis.'””?! Clotrimazole is an ideal antifungal agent for
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Figure 1. Chemical structure of clotrimazole.

incorporation into film dosage forms for potential intra-
oral drug delivery. Its structure is illustrated in Fig. 1.

Traditionally, the analytical method of choice for
drug content determination has been high-perform-
ance liquid chromatography (HPLC). Although this
method is widely used in the pharmaceutical industry,
it has several inherent drawbacks. An invasive and
destructive technique, HPLC is also expensive (sol-
vents and disposal) and often requires extensive sam-
ple preparation and long run times. Alternatively, the
proposed NIR method of analysis is nondestructive,
allowing a film sample to be analyzed by both NIR
and HPLC techniques.

NIR spectroscopy offers many advantages for the
acquisition of specific spectral information. These
advantages include, in part, the elimination of special
optical components, the convenience of atmospheric
transparency, and the extension of the linear dynamic
range to fairly large concentrations of analyte.!**=*
Also, NIR spectroscopy offers the advantage of
minimizing or eliminating sample preparation.****! In
the pharmaceutical industry, material identification and
quantification is an important analytical procedure that
often requires the use of time-consuming HPLC and
other spectroscopic analytical procedures. The advan-
tages of using FT-NIR spectroscopy for quantification
include: 1) samples can be analyzed directly through
glass and other packaging materials, thus reducing
sample preparation requirements; 2) FT-NIR can
provide data analysis and interpretation in a matter of
seconds; and 3) samples can be retained in their
original packages for future measurements, which is a
major advantage of this nondestructive analysis.

Process analytical technology (PAT) is the use of
on-line sensors to effect the timely measurement and
control of an industrial process.”>’ Applications of
near-infrared spectroscopy and its feasibility as a
process analytical technique have been reported, but
have not been exploited to its fullest extent. The use of
PAT to improve the control and understanding of some
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important steps in the production of pharmaceutical
products has gained tremendous importance. However,
limited research has been reported to date on the
quantification of actives in film matrices (either on-line
or off-line) by NIRS. In addition, since HME tech-
nology is a continuous process, NIRS quantification for
films produced via this technique may also have ap-
plicability to on-line quantification.

The objective of the present study is to demon-
strate the use of NIRS for the off-line quantitative
analysis of clotrimazole in HME film matrices. Hence,
this study is aimed at developing a method to quantify
a model drug incorporated into hot-melt extruded
polymeric matrices.

EXPERIMENTAL
Materials

Polyethylene oxide (M.W. 200,000) was purchased
from Dow Chemical Company, Danbury, CT. Clotri-
mazole was obtained from Spectrum Chemical, Inc.,
Gardena, CA. Other reagents (HPLC grade) were
purchased from Fisher Chemicals, Fair Lawn, NJ.

Methods

Formulation and Hot-Melt Extrusion

Based on previous studies,”?®=?% polyethylene
oxide (PEO) was chosen as the polymeric carrier for
the matrix film formulations. Prior to the extrusion
process, 200-g batches containing the model drug
and the polymer in the formulations were subjected
to particle size reduction in a mortar and pestle for
15 minutes. Final blending was achieved using a
V-blender for 20 min (100 rpm)."">! The blended
powders were then dried in an oven at 50°C for 24
hr to minimize moisture content.!'¥

The powder blend was fed into a single-screw
extruder (RCP-750, Randcastle Corp., Cedar Grove,
NJ) equipped with a Nitralloy 135M screw (3:1
compression ratio with flight configuration containing
feed, compression, and mixing sections) and a 6-inch
flex-lip die. The extrusion temperatures ranged from
80-90°C with a screw speed of 70 rpm. The three
heating zones and die temperature zone were set and
allowed to equilibrate. After equilibration, the samples
were processed at temperature set points of 80°, 85°,
85°, and 90°C. The residence time of the materials in
the extruder was approximately 1-2 minutes. In the
present study, the extruded films had a thickness range
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of 0.34-0.36 mm. The films were collected in a roll,
labeled, and sealed in foil-lined 5-mil polyethylene
bags (1 mil=25.4 pm).

Determination of Clotrimazole
Content by HPLC

The chromatographic system consisted of a Waters
600 pump and a dual wavelength Waters 2487 UV
detector (Waters Corporation). The column used was a
Novapak‘l{’ C18 (Waters Corporation) (3.9 x 150 mm
ID and 4 p particle size). The HPLC method developed
by Hoogerheide et al.'*”! was used for the quantitation
of CT as published, with the exception that the
wavelength utilized for detection was 225 nm. The
relative standard deviation for this method was
reported to range from 0.3% to 1.8%. The mobile
phase consisted of methanol and 0.025 M potassium
dihydrogen phosphate in the ratio of 3:1 and the flow
rate was 1 mL/min. The injection volume for the
standard and the sample preparations was 20 pL. Stock
solutions of CT were prepared using methanol. Five
calibration standards were prepared for CT by diluting
the stock solutions with the solvent in appropriate
quantities, which were then injected into the HPLC
system. Regression analysis was performed on the data
points generating the calibration curve, which was
determined to be linear in the concentration range of 1
to 100 pg/mL. All analyzed samples in this study fell
within this range.

Random samples (n=6) were taken from the
extruded film using a die punch. The samples were
weighed and placed in a 25 ml volumetric flask. Fif-
teen mL of methanol was added to the flask and son-
icated for 10 min or until the entire film was dissolved.
The samples were then diluted up to 25 mL using
methanol and centrifuged for 10 min. The supernatant

Table 1. The theoretical concentrations of clotrimazole
(%) incorporated into the HME films.

Theoretical concentration

HME film of clotrimazole (%)
A(PEO only) 0

B 2

C 4

D 5

E 7.5

F 10

G 12.5

H 15

| 20
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Table 2. Validation samples as predicted by the model.

Actual value of Predicted value of % Difference between actual and
Film clotrimazole in films (%)* clotrimazole in films (%) predicted value of clotrimazole
V-1 2.04 (0.17) 1.97 —343
V-2 4.96 (0.21) 5.06 2.01
V-3 12.88 (0.32) 12.76 —0.93
V-4 15.62 (0.39) 15.59 —0.19

Note: Actual value determined by HPLC and predicted value determined by NIR.
“The values represent the mean of n=6 (HPLC) samples. Standard deviations enclosed in parentheses.

was removed and filtered through a 0.45 p nylon filter
prior to injection into the chromatographic system. The
content of CT was calculated from the equation
obtained from the regression analysis.

NIRS Instrumentation

The samples were scanned using a Bruker
EQUINOX© 55/S (Model # 502, Bruker Optics Inc.,
Billerica, MA) FT-IR Spectrophotometer equipped with
OPUS® 2.2 software. The spectra were collected in the
NIR mode using a tungsten lamp source and an air-
cooled GE-Diode detector with a quartz beam splitter.

NIR Data Collection Process

Nine different PEO films containing concentrations
of clotrimazole in the range of 0-20% were utilized
for the calibration model (Table 1). Near infrared scans
of the films were obtained prior to analysis by HPLC.
Six random disc-shaped samples were taken from each
of the nine films using a standardized die punch. Four
additional samples were arbitrarily chosen and used as
test samples for the external validation. These test
samples were taken such that two samples (B and D)
represented the lower CT concentration range and two
(G and H) the higher drug concentration range. The
fiber optic probe was arranged in a fixed position using
a standard king stand with a clamp. The aperture of the
probe (2.4 mm) was approximately of the same size as
that of the punched film. Each sample was scanned 25
times and averaged in the wavelength region from
10000—5000 cm™ ' using a resolution of 2 cm™'. Each
of the disc shaped films (total=58), after being
scanned, were analyzed using the HPLC method
previously described. For model derivation, the spectra
from each sample were assigned the concentration
values obtained by the HPLC analysis. Fifty-four
samples were used for developing the calibration
model and four for the validation set. Calibration
equations were obtained using Partial Least Squares

(PLS) regression and spectral data from 10000-—
5000 cm™ .

Validation

For any type of modeling the issue of validation is
of utmost importance. In calibrating the model utilized
in this study, the robustness was assessed in two ways:

e (Cross validation—internal validation.
e External validation—utilization of test samples.

In the first assessment, cross validation was
performed by omitting one concentration range from
the sample sets and the root mean squared error of
cross validation was calculated. The samples that were
omitted served as validation samples for the calibration
model. In the second assessment, the constructed

Absorbance units
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601 G-125%

6300 6200 6100 6000 5900 5800 5700 5600 5500
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Figure 2. Raw spectra of the PEO-only and clotrimazole
incorporated HME films (unprocessed). (View this art in color
at www.dekker.com.)
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model was validated by checking the predicted values
of test samples from the films B, D, G, and H. The
values are provided in Table 2.

RESULTS AND DISCUSSION

Chemometric modeling was performed using
OPUS/QUANT 2 version 2.2 software, and PLS
algorithm was used for the calibration models. The
complexity of the raw spectral data, which necessitated
preprocessing, is illustrated in Fig. 2. There are a
number of preprocessing tools such as normalization,
weighting, smoothing, and baseline corrections.!*”!
Normalization places all of the samples on the same
scale by dividing by a constant. This process is
performed to remove systematic variation, usually
associated with sample quantity. Due to variations in
the path length, the spectra vary in intensity. Normal-
ization to unit area reduces this path length variation!**!
and thus, the remaining spectral differences are
attributed to chemical variations in the samples. In
the present study, since the HME films may vary in
thickness, the path length might also vary. Therefore,
in order to minimize the path length variable, vector
normalization was chosen as the preprocessing method
and the spectra were mean-centered.

Twenty-one frequency ranges between 6234 and
5483 cm were utilized to develop the calibration
model. These frequency ranges were selected to
account for the deviations in the drug concentrations.

The regression vector was highly influenced by the
responses from CT and the film matrix. The number of
factors/ranks used in the model was 9. The factor
number used in the calibration model was determined
using PRESS analysis. The calibration curve (Fig. 3)

25
y=1.0012x - 0.0251
201 R2=0.999
15 RMSEE = 0.195

RMSECV = 0.298
n==6

N
o
L

Predicted value (%) of CT in films
[9)]

o

T T T T

15 20 25
Actual value (%) of CT in filims

o
6]
-
o

Figure 3. Calibration curve of clotrimazole in the HME
films. (View this art in color at www.dekker.com.)
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yielded a correlation coefficient (Rz) of 0.999 with a
root mean square error of estimation (RMSEE) of 0.195
and a root mean square error of cross validation
(RMSECYV) of 0.298. The slope of 1.0012 indicated
that the absolute value of the predicted percentage and
the actual percentage of clotrimazole were well
correlated. As discussed previously, the constructed
calibration model was validated using internal validation
and external validation. These data indicate not only the
accuracy of the calibration model, but also the
robustness of the model to predict an unknown within
a margin of error of less than 3.5%. As shown in Table 2,
the model is more accurate at higher concentrations
when compared to the predicted error in lower
concentrations. This may be explained by the follow-
ing discussion.

During HME, polymeric materials soften and
become flexible due to the shearing effect of the
rotating screw and from heat via the thermal devices
attached to the barrel.'* At lower concentrations,
uniform dispersion of the drug in the polymer may be
problematic, especially in single-screw type hot-melt
extruders.?!! Indeed, it has been reported that content
uniformity in HME films containing higher concen-
trations of CT (10%) was better than those CT-
containing films at the 2% level.®!! Therefore, blend
uniformity may have contributed to the lower correla-
tion in the lower concentration ranges. Hence, this may
be a reason for the greater deviation from the actual
value at these lower concentrations. By the utilization
of more training sets, the accuracy level may be
improved. In addition, partial least squares (PLS),
which is a quantitative spectral decomposition tech-
nique, may cause spectra containing higher constituent
concentrations to be weighted more than those with
lower concentrations. Regardless, the current level of
accuracy of less than 3.5% demonstrates that NIRS can
be used as an effective tool to quantify a model drug in
PEO films produced by hot-melt extrusion.

CONCLUSIONS

It can be concluded that the described NIRS
technique is a means to provide an accurate and
nondestructive assessment of the amount of drug
present in HME film matrices. The predicted value
obtained by the calibration model in FT-NIR spectros-
copy exhibited good correlation with the actual value
obtained by the HPLC analysis. Thus, NIRS was
demonstrated to be a versatile technique with minimal
sample preparation, and decreased cost and analysis
time for the quantitation of a model drug contained in
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films produced by hot-melt extrusion techniques. The
successful use of NIRS in this off-line study is
encouraging for future studies utilizing this technique
for the on-line quantification of drugs incorporated into
HME dosage forms.
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