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This study demonstrated that near infrared chemical imaging (NIR-CI)was a rapid andnondestructive technique for discrimination
of chlorpheniramine maleate (CPM) and assessment of its surface content uniformity (SCU) in a pharmaceutical formulation.
The characteristic wavenumber method was used for discriminating CPM distribution on the tablet surface. To assess the surface
content uniformity of CPM, binary image and statistical measurement were proposed. Furthermore, high-performance liquid
chromatography (HPLC)was used as referencemethod for accurately determining volume content ofCPM in the sample.Moreover,
HPLC was performed to assess volume content uniformity (VCU) of CPM in whole region and part region of the tablets.The NIR-
CI result showed that the spatial distribution of CPM was heterogeneous on the tablet surface. Through the comparison of content
uniformity of CPM determined by NIR-CI andHPLC, respectively, it demonstrated that a high degree of VCU did not imply a high
degree of SCU of the samples. These results indicate that HPLC method is not suitable for testing SCU, and this has been verified
by NIR-CI.This study proves the feasibility of NIR-CI for rapid discrimination of CPM and assessment of its SCU, which is helpful
for the quality control of commercial CPM tablets.

1. Introduction

The discrimination of active ingredient is essential for drug
analysis because counterfeit drug products not only threaten
the public health but also damage the finance and reputation
of legitimate pharmaceutical companies. According to the
definition of counterfeit drug by World Health Organization
(WHO), the counterfeit products contain wrong ingredients,
without active ingredients or with insufficient active ingre-
dients [1]. Furthermore, ingredients uniformity analysis of
drug products has also been proposed by pharmaceutical
regulations. Content uniformity will affect the speed of
disintegration and dissolution and further influence the in

vivo bioavailability and the efficacy. Recently, near infrared
chemical imaging (NIR-CI) has shown large potential in
quality control of legitimate pharmaceutical products.

So far, a variety of destructive methods, including high-
performance liquid chromatography (HPLC) [2, 3] and mass
spectrometry (MS) [4], are frequently used to discrimi-
nate active pharmaceutical ingredients (APIs). In contrast,
vibrational spectroscopy techniques show rapid and non-
destructive advantages. Vibrational spectroscopy, such as
near-infrared (NIR) spectroscopy and Raman spectroscopy,
is applied for detecting the chemical compositions and
physical properties. Several studies have been published for
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discriminating active ingredients [5–8]. However, vibrational
spectroscopy is used for discriminating API and determining
its content without spatial information. Thus, NIR-CI adds a
new dimension to NIR spectroscopy, which means that the
spatial distributions of APIs could be visualized.

Palou et al. reported that content and spatial distributions
of major and minor ingredients were determined during
the development of a new pharmaceutical formulation. In
addition, the thickness and the surface distribution of the
coating film were also measured [9]. Ma and Anderson
determined blend homogeneity of ternary mixtures using
NIR-CI technology. The results demonstrated a good
correlation betweenNIR-CI data and ultraviolet-visible spec-
trophotometry (UV-Vis) data [10]. Moreover, the content
uniformity of acetylsalicylic acid (ASA) commercial tablets
of four different brands was assessed using NIR-CI. The
ASA contents determined by NIR-CI technique were close
to the nominal contents used as reference. Finally, the result
demonstrated that the content uniformity of each brand
satisfied the requirement of the European Pharmacopoeia
[11]. Dubois et al. described NIR-CI instrument equipped
with a focal plane array detector for counterfeit drug
identification. A total of 30 tablets, including 10 genuine
tablets and 20 counterfeit tablets, were investigated and the
counterfeit tablets were successfully identified [12]. Certainly,
there are other pharmaceutical applications of NIR-CI
technique, which can refer to previous reviews [13, 14].

However, only destructive methods (i.e., HPLC) and
vibrational spectroscopy (NIR, Raman) are developed for
identifying the ingredients and assessing the content unifor-
mity in Chinese pharmaceutical quality standards. With the
increasing acceptance of the concepts of process analytical
technology (PAT) [15] and quality by design (QbD) [16] in
pharmaceutical industry, the novel NIR-CI technique should
be applied to pharmaceutical quality assurance in China.
Compared with wet analytical methods, the implementation
of NIR-CI for ingredients discrimination will improve the
economic efficiency (fast and nondestructive) and protect the
environment (without sample preparation).

Chlorpheniraminemaleate (CPM), which is an H1 recep-
tor antagonist, has been clinically used to alleviate symptoms
of cold and treat the allergic diseases. CPM has a strong
action of antihistamine, which could cause drowsiness and
restrain the central system [17]. Due to the good therapeutic
effect and cheap price, CPM products are popular among
patients in China. There are 434 pharmaceutical industries
which produce CPM products in China (with the approval of
China Food and Drug Administration). In order to ensure
the quality of pharmaceutical products, it is necessary to
discriminate API and assess its content uniformity.Therefore,
CPM tablets were chosen as examples in this study. NIR-CI
was performed to discriminate CPM and assess its surface
content uniformity (SCU).

Despite the superiorities of NIR-CI, the acquired data is a
three-dimensional hypercube. To extract related information,
chemometric methods should be performed for discrimina-
tion purpose, such as basic analysis of correlation between
analytes (BACRA) [18, 19] and characteristic wavenumber
method. Besides, image analysis methods (i.e., binary image)

[20] coupled with statistical measurement are also indispens-
able for assessing the surface content uniformity of CPM.
In addition, NIR-CI as a novel technique, HPLC was used
as reference method to determine the volume content of
CPM in the sample and access its volume content uniformity
(VCU). The advantages of NIR-CI were highlighted in com-
parison with HPLC method. This study showed that NIR-
CI technology coupled with statistical measurement could be
recommended in surface content uniformity assessment of
commercial CPM tablets.

2. Materials and Methods
2.1. Materials. The chlorpheniraminemaleate was purchased
from Haohua Industry Corporation (Jinan, China). The
excipients of the CPM tablet were pregelatinized starch
(Colorcon, USA), microcrystalline cellulose (Beijing Fengli
JingqiuCommerce andTradeCorporation, China), andmag-
nesium stearate (Sinopharm Chemical Reagent Corporation,
China). Standard CPMwas obtained fromNational Institutes
for Food andDrug Control (Beijing, China). Acetonitrile and
phosphoric acid were purchased from Fisher Scientific (chro-
matographic grade, USA). Ammonium dihydrogen phos-
phate was provided by Beijing Chemical Works (analytical
grade, China). Deionized water was purified byMilli-Qwater
system (Millipore Corporation, USA).

2.2. Pilot-Scale Production of Chlorpheniramine Maleate
Tablets. The CPM tablets were from pilot-scale manufacture
by us (Good Manufacturing Practice (GMP) standard and
Pharmaceutical Engineering and New Drug Development
of Traditional Chinese Medicine of Ministry of Education).
The homogeneous powder containing active pharmaceutical
ingredient and excipients was produced in a blender using
the equal incremental method according to the proportions
of prescription (CPM, 4% w/w; pregelatinized starch, 50%
w/w; microcrystalline cellulose, 45.5% w/w; and magnesium
stearate, 0.5% w/w). The dry-blend mixtures were com-
pressed into 1.0 g tablets under the parameters of compression
pressure 60KN, the depth of fillingmaterial 10.0mm, and the
thickness of the tablets 2.0mm (pilot-scale rotary tablet press,
Xinyuan Pharmaceutical Machinery Corporation, Shanghai,
China). A flat punch set was utilized to acquire a flat
sample surface. Pure compound reference tablets of CPMand
major excipients (pregelatinized starch and microcrystalline
cellulose) were also produced under the same parameters.

2.3. HPLCMethod for the Determination of Chlorpheniramine
Maleate. The content of CPM in the entire volume of the
sample was determined by RP-HPLCmethod recommended
by the Chinese Pharmacopoeia (ChP 2010 edition, volume
II). An Agilent 1100 HPLC system (Agilent Technologies,
USA) with a quaternary pump, a vacuum degasser, a ther-
mostatic column compartment, an autosampler, and a diode
array detector (DAD) detector was utilized. Separation was
performed on Spursil C18 column with a particle size of 5 𝜇m
(250mm × 4.6mm, Dikma Technologies, Beijing, China) at
30∘C. The mobile phase consisted of deionized water with
0.1% phosphoric acid and acetonitrile (80 : 20, v/v). The flow
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rate was maintained at 1.0mL/min and the UV signal was
monitored at 262 nm.

Ten tablets were selected and each of them was dissolved
by mobile phase. In addition, another ten tablets from the
same pilot-scale manufacture batch were selected and split
into four equal parts. Each part was dissolved bymobile phase
properly. Then the diluent was filtered through a 0.45 𝜇m
Millipore filter membrane, and 10 𝜇L filtrate was injected into
the HPLC system for determination.

2.4. Near-Infrared Chemical Imaging
2.4.1. Data Acquisition and Transformation. The tablet was
fixed onto the microscope slide and measured directly on
the surface of tablet. The images of different regions on the
tablet surface were collected to get spatial information of
different regions and compare the differentiations. Sample
was analyzed on Spotlight 400N FT-NIR Imaging Systems
equipped with a linear mercury cadmium telluride (MCT)
array detector (PerkinElmer, UK). An area of 2000 𝜇m ×
2000 𝜇mwas imaged using spectrum resolution 16 cm−1 and
spatial resolution 25 𝜇m × 25 𝜇m (pixel size) thus acquiring
a total of 6400 spectra for each image. Each spectrum was
the average of 16 scans from wavenumber region 7800 cm−1
to 4000 cm−1. The total time of image acquisition was about
25 minutes.

Prior to sample scanning, it is necessary to correct the
instrument response using a background reference. Thus,
the raw data obtained by NIR line mapping system is the
relative NIR diffuse reflectance data (𝑅 = 𝑅sample/𝑅background).
The high reflectance standard Spectralon (Labsphere Inc.,
North Sutton, NewHampshire) was utilized as a background.
Prior to data analysis, all relative diffuse reflectance data were
transferred into absorbance data using the formula 𝐴 =
−log
10

(1/𝑅). Pure compound reference tablets of CPM and
major excipients were also imaged to acquire pure spectra
using the same conditions.

2.4.2. Data Processing. The data acquired by NIR-CI is three-
dimensional hypercube using the expression 𝑀 = (𝑋 ×
𝑌 × 𝜆), where 𝑋 and 𝑌 are the spatial dimensions and 𝜆
represents spectral information.Thehyperspectral data could
be analyzed by both the three-waymethodology and the two-
waymethodology but two-waymethods aremore suitable for
this type of data [21]. Three-dimensional matrix is unfolded
to obtain the two-dimensional matrix (𝑋𝑌×𝜆) and two-way
approaches can be used. Then, the two-dimensional matrix
is refolded to retain the spatial location of each pixel and
generate the chemical image. In this study, hypercube was
unfolded and ordinary two-way methods were utilized.

Prior to performing any chemometric methods that
generate the chemical image, it is necessary to preprocess
the spectra data in order to avoid the influence of unwanted
phenomena frequently found in NIR measurements. Some
pretreatment methods were performed, such as normalizing
and Savitzky-Golay (SG) smoothing [22].

The characteristic wavenumber method is a univariate
methodology that generates the chemical image of an ingredi-
ent at one specific wavenumber. Therefore, it is significant to
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Figure 1: Chlorpheniramine maleate chromatogram.

select a wavelength with a sharp and distinct absorption for
that specific ingredient, which has little spectral absorption
interference from other ingredients in the sample. NIR
spectra of pure ingredients are the most suitable for selecting
the distinct absorption.Moreover, a derivative of NIR spectra
is helpful to distinguish the overlapping peaks and improve
the spectral resolution. In this study, pure component spectra
preprocessed by SG smoothing and first derivative were
utilized to select distinct absorption peak of CPM.

HyperView software and Spectrum Image software
(PerkinElmer, UK) were used for data processing and anal-
ysis. Other data analysis was performed by homemade rou-
tines programmed in MATLAB software (MATLAB2009b,
Mathworks, USA).

3. Results and Discussion

3.1. HPLCMethod for the Determination of Chlorpheniramine
Maleate. HPLC was utilized as reference method for accu-
racy determination of CPM in the entire volume of the
sample. Since the HPLC method used here is recommended
by the ChP (2010 edition, volume II), the accuracy and
reproducibility of the method have already been approved
officially. CPM chromatogram was shown in Figure 1.

The first peak and second peak represented maleate
and chlorpheniramine, respectively. Chlorpheniramine peak
area was calculated for volume content determination. The
retention time of chlorpheniramine in the sample was the
same with the standard.The linearity test for the quantitation
of chlorpheniramine was carried out over the range of
0.2031–2.0310 𝜇g. The parameters of the calibration curve
𝑦 = 892.8𝑥 − 13.06 (𝑅2 = 0.9999) for chlorpheniramine
demonstrated a good linear relationship.

3.2. Pure Compound Images and Spectra. Each pure NIR
image (CPM, pregelatinized starch, and microcrystalline
cellulose) was collected and three absorbance spectra of the
major compounds were obtained from the pure images. As
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Figure 2: Raw and preprocessed spectra. (a) Raw spectra, (b) spectra preprocessed by SG smoothing and normalizing, and (c) spectra
preprocessed by SG smoothing and first derivative of three major ingredients (CPM, pregelatinized starch (STA), and microcrystalline
cellulose (MCC)).

Figure 2(a) (CPM) showed, there was large signal fluctuation
in the spectral region of 5500 cm−1 –6500 cm−1. This spectral
region contained main information, which could reflect the
CPM chemical message in the samples. Moreover, all spectra
showed broader absorbance and it was difficult to discrimi-
nate them from each other. An approach called basic analysis
of correlation between analytes (BACRA) was proposed to
clarify the differences between any two pure spectra.

3.3. Rapid Discrimination of Chlorpheniramine Maleate on
the Tablet Surface

3.3.1. Basic Analysis of Correlation betweenAnalytes (BACRA).
BACRA method, based on the parameter of the Pearson

correlation index, was proposed to distinguish the spectra.
The correlation coefficients were calculated between the pure
spectrum (CPM, pregelatinized starch, and microcrystalline
cellulose) and each spectrum obtained from the correspond-
ing single pixel on the surface of pure compound tablet.
The correlation-coefficient images were obtained as Figure 3
showed. High correlation coefficients (above 0.95) were
demonstrated, which indicated that little difference existed
among the spectra of the three compounds. Therefore, CPM
could not be identified by BACRA methodology.

3.3.2. The Discrimination of Chlorpheniramine Maleate by
Characteristic Wavenumber Method. Different pretreatment
methods were applied to the raw spectra of the three major
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Figure 3: BACRA analysis for raw pure spectra and raw pure NIR image. (a) The correlation image from STA with pure CPM image, (b) the
correlation image fromMCC with pure CPM image, and (c) the correlation image from STA with pure MCC image.

ingredients. The spectra preprocessed by the combination of
SG smoothing with a 9-point window and first derivative
showed a distinct and sharp absorption feature for CPM
at 6032 cm−1 (see Figure 2(c)). Therefore, the characteristic
wavenumber method could be used to extract the CPM
distribution.

The hyperspectral data obtained from the CPM tablet
surface were unfolded and the spectra were preprocessed by
SG smoothing and first derivative. Then, the characteristic
images for CPM at 6032 cm−1 were obtained, as was shown
in Figure 4. The red area (high first derivative of absorbance)
represented the CPM distribution. CPM was distributed
dispersedly in different regions. At the same time, there were
some large red areas, which demonstrated the existence of
CPM aggregations.

3.4. Content Uniformity Assessment of CPM Tablets
3.4.1. Surface Content Uniformity Assessment of CPM Tablets
Using NIR-CI. It was difficult to extract spatial informa-
tion on CPM according to the distribution of red area. It
was possible to demonstrate the CPM distribution using

binary images. A threshold limit for the first derivative of
absorbance at 6032 cm−1 was set and binary images (Figure 5)
were created corresponding to Figure 4. The white area in
the images exhibited the CPM distribution. The spectral
absorption produced by all other compounds was taken as
background (black area). In general, the CPMdistribution on
the tablet surface was dispersive, but inhomogeneous. Some
large white areas were observed. This result was consistent
with the consequence acquired from Figure 4.

However, human eyes are subjective and fuzzy, and the
results might not be objective. In order to enable objective
analysis, statistical measurement was performed to derive
numerical information from Figure 5 and the results were
displayed in Table 1.The distribution diameters of CPMwere
ranging from 35 to 108 𝜇m (Table 1).This result demonstrated
the existence of CPM agglomerations on the surface of tablet.
Through calculating the proportion of white region in the
binary image, the CPM contents of different regions on the
tablet surface were obtained. The relative standard deviation
(RSD) value of CPM content was 12.37% > 3.00%, which
meant that the CPM distribution on the tablet surface was
not uniform.



6 Journal of Spectroscopy

6000 6500 7000 7500

0

500

1000

1500

−6E − 4

−5E − 4

−4E − 4

−3E − 4

−1E − 4

0

1E − 4

3E − 4

4E − 4

5E − 4

6E − 4

Ab
s

(𝜇m)

(𝜇
m

)

(a)

0

500

1000

−6E − 4

−5E − 4

−4E − 4

−2E − 4

0

0

2E − 4

3E − 4

5E − 4

6E − 4

7E − 4

Ab
s

−500

1000 1500 2000 2500

(𝜇m)

(𝜇
m

)

(b)

6000 6500 7000 7500

5000

5500

6000

6500

−5E − 4

−4E − 4

−3E − 4

−2E − 4

0

2E − 4

1E − 4

3E − 4

4E − 4

5E − 4

6E − 4

Ab
s

(𝜇m)

(𝜇
m

)

(c)

2500 3000 3500 4000

4000

4500

5000

5500

−7E − 4

−6E − 4

−5E − 4

−4E − 4

−2E − 4

−1E − 4

0

0

2E − 4

3E − 4

4E − 4

Ab
s

(𝜇m)

(𝜇
m

)

(d)

−6E − 4

−7E − 4

−5E − 4

−4E − 4

−2E − 4

−1E − 4

0

2E − 4

3E − 4

4E − 4

5E − 4

Ab
s

4000

3500

3000

2500

3500 4000 4500 5000

(𝜇m)

(𝜇
m

)

(e)

Figure 4:The characteristic images for CPM at 6032 cm−1, (a) upper-left region, (b) upper-right region, (c) lower-left region, (d) lower-right
region, and (e) middle region on the tablet surface.

3.4.2. Volume Content Uniformity Assessment of CPM Tablets
Using HPLC. HPLCwas performed to assess volume content
uniformity (VCU) of CPM in whole region and part region
of the tablets. Firstly, ten CPM tablets were selected and each
tablet was dissolved forVCUanalysis.The evaluation index of

volume content uniformity was 7.30 less than 15.00 (𝐴+ 1.8𝑆,
𝐴 refers to absolute difference between labeled amount and
average content and 𝑆 refers to standard deviation; Table 2),
meaning the volume content uniformity of CPM satisfied the
ChP (2010 edition) standard.
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Figure 5: Binary images of CPM tablet. (a) Upper-left region, (b) upper-right region, (c) lower-left region, (d) lower-right region and,
(e) middle region on the tablet surface. White region represented the cluster of CPM and black region represented the cluster of other
components.
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Table 1: The consequence of statistical measurement by NIR-CI.

Number Range of diameters (𝜇m) Average diameter (𝜇m) Proportion of white region
1 37.78–60.41 47.20 3.38%
2 64.07–108.11 80.98 4.11%
3 49.73–78.77 61.93 3.23%
4 35.22–68.29 53.80 4.20%
5 39.79–64.94 50.29 4.17%
∗Number 1–5 represented upper-left region, upper-right region, lower-left region, lower-right region, and middle region on the tablet surface, respectively.

Table 2: Volume content uniformity assessment (whole samples) using HPLC.

Number 1 2 3 4 5 6 7 8 9 10
Peak area (mAU⋅s) 706.8 738.2 743.8 755.5 799.3 718.5 720.3 737.1 728.0 719.5
Content (mg) 40.32 42.07 42.39 42.76 40.44 40.97 41.07 42.01 41.50 41.03

A + 1.8S 7.30 < 15.00

Table 3: Volume content uniformity assessment (quartered samples) using HPLC.

Number 1 2 3 4 5 6 7 8 9 10
Peak area (mAU⋅s) 713 841.3 799.7 749.2 799.3 852.2 739.4 776.3 822.9 807.4
Content (mg) 8.13 9.57 9.72 8.54 9.10 9.69 8.43 8.84 9.36 9.19

A + 1.8S 19.44 > 15.00

Secondly, another ten tablets were chosen and each tablet
was averaged into four pieces. One piece of each tablet was
dissolved for HPLC determination.The evaluation index was
19.44 > 15.00 (Table 3), which indicated that the volume
content uniformity of CPM did not satisfy the requirement.
Through the comparison of the two content uniformity tests,
it illustrated that when volume content uniformity assessed
by HPLC method conformed to the ChP (2010 edition)
standard, it did not mean that the ingredients are distributed
homogeneously in the sample.

The sample after NIR-CI scanning was divided into 4
pieces. The CPM content in each piece was determined by
HPLC method. The volume contents of four pieces were
3.88%, 3.96%, 3.61%, and 4.42%, respectively. The RSD value
was 8.52% > 3.00%.This result further demonstrated that the
CPM distribution was not uniform.

3.5. Method Application on Commercial CPM Tablets. In
addition, commercial CPM tablets (labeled CPM content:
4mg, bought from local pharmacy) were also analyzed
by NIR-CI and HPLC methods. The same data analysis
approaches were used (detailed description and data were
demonstrated in Supplementary Material available online at
http://dx.doi.org/10.1155/2014/741246). The CPM content of
different regions on the tablet surface was determined by
NIR-CI and statistical measurement. The RSD value of CPM
contents of different regions was 12.01% > 3.00%, indicat-
ing the inhomogeneous distribution of CPM on the tablet
surface. The volume content uniformity of CPM in whole
region and part region of the tablets was also determined by
HPLC method. The evaluation indices were 12.69 (<15.00)
and 27.39 (>15.00), respectively.This result also demonstrated

that ingredients might not be distributed homogeneously
in the sample, even though the volume content uniformity
determined by HPLC method conformed to the regulations,
that is, the ChP (2010 edition).

4. Conclusions
This study demonstrated that NIR-CI was a rapid and
nondestructive technique for discrimination of CPM and
assessment of its SCU. Characteristic wavenumber method,
binary image, and statistical measurement were applied to
extract CPMdistribution and assess its content uniformity on
the tablet surface. Moreover, HPLC method was developed
to assess volume content uniformity of CPM in whole region
and part region of the tablets. Both CPM tablets produced
from pilot scale by us and legitimate producer were investi-
gated. The result revealed that the CPM distribution was not
uniform on the sample surface, that is, the CPM contents of
different regions on the tablet (made by ourselves) surface
were determined by statistical measurement and the RSD
value of CPM contents was 8.52% > 3.00%. Furthermore,
the evaluation indices of VCU were 7.30 (whole samples) and
19.44 (quartered samples), respectively. The results indicated
that the API might not be distributed homogeneously in
the tablet, although the volume content uniformity of API
assessed by HPLC fulfilled the ChP (2010 edition) standard.
Through the comparison of content uniformity of CPM
determined by NIR-CI and HPLC, respectively, it further
indicated that a high degree of VCU did not imply a high
degree of SCU of the samples. Therefore, HPLC is more
accurate for volume content uniformitymeasurements, while
NIR-CI is more suitable for surface content uniformity
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measurements and is suitable for the use in the quality control
of pharmaceutical products.
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