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ABSTRACT: Active pharmaceutical ingredients (APIs) and excipients are main
drug constituents that ought to be identified qualitatively and quantitatively.
Raman spectroscopy is aimed to be an efficient technique for pharmaceutical
analysis in solid dosage forms. This technique can successfully be used in terms of
qualitative and quantitative analysis of pharmaceutical drugs, their APIs, and
excipients. In the proposed research, Raman spectroscopy has been employed to
quantify Azithromycin based on its distinctive Raman spectral features by using
commercially prepared formulations with altered API concentrations and
excipients as well. Along with Raman spectroscopy, principal component analysis
and partial least squares regression (PLSR), two multivariate data analysis
techniques have been used for the identification and quantification of the API. For
PLSR, goodness of fit of the model (R2) was found to be 0.99, whereas root mean
square error of calibration was 0.46 and root mean square error of prediction was
2.42, which represent the performance of the model. This study highlights the efficiency of Raman spectroscopy in the field of
pharmaceutics by preparing pharmaceutical formulations of any drug to quantify their API and excipients to compensate for the
commercially prepared concentrations.

1. INTRODUCTION
Azithromycin (AZM), possessing the molecular formula
C38H72N2O12, is found in the form of white crystalline powder
and is a semisynthetic macrolide,1 acid-stable, broad-
spectrum,2 and second-generation antibiotic with improved
pharmacokinetic properties.3−5 The pharmacokinetic proper-
ties involve a large area of drug absorption, metabolism, and
excretion. The role of antimicrobial pharmacokinetics is to
improve therapeutic efficiency and decrease drug toxicity.6 It is
a moderately water-soluble drug, having a molecular weight of
748.984 g/mol.7 AZM is availed to treat many bacterial
infections, namely, respiratory tract infections, sexually trans-
mitted disease, skin infections, and soft tissue infections.8

AZM is commercially available in 250 and 500 mg tablets.
On the other hand, its oral suspensions with concentrations of
100 and 200 mg/5 mL are also available commercially.9 It is
effective against many Gram-positive and Gram-negative
bacteria including Legionella pneumophila, Haemophilus influ-
enzae, and Branhamella catarrhalis.10,11 AZM forbids the
translation of mRNA in bacteria by interrupting the synthesis
of protein and hence hinders bacterial growth.12

There is a need to analyze pharmaceutical formulations of
AZM qualitatively and quantitatively. The absorption of AZM
in raw materials, biological samples, and pharmaceutical

formulations is determined by many techniques, such as
high-performance liquid chromatography (HPLC),13,14 mass
spectrometry (MS),15 Fourier transform infrared spectrosco-
py,16 UV−vis spectroscopy,17 LC−MS,18 and electrochemical
methods.19,20 All above mentioned methods have some
limitations such as being inflated, time-consuming, requiring
rigorous sample preparation, and being laborious. In
comparison to UV−vis spectrometry, Raman scattering is
preferable as it is perceived in a single-beam mode which uses
no reference channel to minimize instrumental sensitivity.
Raman spectroscopy is superior to the above-mentioned

techniques because it is rapid, noninvasive, and requires little
sample preparation. Raman spectroscopy is an efficient tool to
characterize active pharmaceutical ingredients (APIs) in
pharmaceutics due to polymorphism. It can also discriminate
between API and excipients of any pharmaceutical drug.21 On
the other hand, this technique was also used to characterize
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counterfeit drugs which were used for the treatment of erectile
dysfunction.22−24 Nowadays, Raman spectroscopy is emerging
as the technique of choice for the analysis of pharmaceuticals
due to its great perspective in solid dosage analysis.25,26 In the
analysis of drugs and their intermediates, Raman spectroscopy
is applied to analyze the polymorphic structure of API,
identification of excipients, and quality assurance of drugs.27−30

This technique has also been successfully and efficiently availed
to analyze Sitagliptin31 and Cefixime.32 This technique can also
analyze chemical and physical morphs more efficiently as
compared to other spectroscopic techniques.33,34

In the current study, solid dosage formulations of AZM are
prepared by mixing API and excipients in a definite proportion
and are analyzed by using Raman spectroscopy, as this
technique is known to be cost-effective, sensitive, and
noninvasive. Along with Raman spectroscopy, principal
component analysis (PCA) and partial least-squares regression
(PLSR) analysis have been employed which provide the
efficiency of Raman spectroscopy. PCA is used for qualitative
analysis, whereas PLSR is used for quantitative analysis of
pharmaceutical drugs. This study will be beneficial for the
establishment of Raman spectroscopy for qualitative and
quantitative analysis of pharmaceutical formulations.

2. RESULTS AND DISCUSSION
2.1. Mean Raman Spectra. Figure 2 shows the mean

Raman spectra of all samples of AZM with altered
concentrations of API and excipients. The net concentration
of each formulation is kept at 700 mg. The Raman spectral
peak assignments, which are represented by solid and dotted
lines, exhibit the difference in the peaks of the mean Raman
spectra. The spectral peaks which are represented by dotted
lines are related to excipients, which shows that the quantity of
excipients in each successive formulation is decreasing
gradually when observing from bottom to top, whereas the
ones represented by solid lines are associated with API. This
means that the quantity of API is increasing gradually in each
successive formulation when observing from bottom to top.
The differences in the mean Raman spectral peaks are related
to increasing and decreasing concentrations of API and

excipients, respectively, which are specified in Table 3, and
their peak differences are exhibited in Table 1. The mean
Raman spectrum which is labeled as A0 is associated with the
pure excipient while the changing concentrations of excipients
and API are labeled as A1−A10, and the Raman spectrum of
pure API is labeled as A11, as shown in Figure 1.
As the API concentration increases, Raman spectral features

with increasing intensities were observed at 1454, 1042, 963,
908, 811, 774, 731, 612, and 403 cm−1. The intensities of these
Raman spectral features increase with an increase in API
concentration. The increase observed in the peaks of Raman
spectral features of API is due to the polymorphic structure of
API which can be polarized easily. A sharp Raman peak
intensity at about 1454 cm−1 is due to stretching modes of the
vibration of ether. The medium peak intensity at 1042 cm−1 is
due to the stretching vibrations of C−C. A very weak Raman
peak at 1371 cm−1 is due to the wagging vibration of the CH2
group. A medium peak intensities at 1042 and 963 cm−1 are
allotted to the stretching of C−C and C�O, respectively.
Slightly lower peak intensity at 908 cm−1 represents the C−
N−C torsion vibration. The medium Raman peak intensities at
811 and 774 cm−1 are due to C−C and C−N stretching
vibrations of AZM, respectively. The vibrations detected at 731
cm−1 are C−O−C out of plane vibrations. The medium
Raman peak intensities at about 612 and 403 cm−1 are
associated with C−OH and C−C−C bending vibrations,
respectively.
Furthermore, Raman spectral features at 1259, 1126, 1083,

876, 557, and 478 cm−1 are found to be of excipients, with a
gradual decrease observed in their peaks. The gradual decrease
detected in the Raman spectral peaks of excipients is due to
their aliphatic structure. A very weak Raman spectral peak
observed at 1259 cm−1 is due to the C−H deformation
vibration of sucrose which is used as a filler in pharmaceutical
formulations. Other weak Raman peaks at 1126 and 557 cm−1

represent stretching vibrations of starch and calcium
phosphate, respectively, which are used as diluents in solid
dosage forms. The medium Raman intensity peaks at 1083 and
876 cm−1 characterize lactose vibrations and C−C�O
deformation in pectin, respectively. The C−C scissoring
vibrations can be observed prominently at 478 cm−1.

2.2. Principle Component Analysis. PCA is used to
distinguish between various absorptions of solid dosage forms
of AZM based on Raman spectral data sets. Raman spectral
data of each concentration was used to perform PCA which
can identify API as well as excipients of each AZM
formulation.42 Figure 3 shows the PCA plot of pure API
(A11) and pure excipients (A0) along with various
concentrations of solid dosage forms of AZM. In this figure,
it can be seen clearly that formulations of various
concentrations are differentiated from each other as the API
concentration increases. The formulations of various concen-
trations are differentiated as positive and negative principal
components. Specifically, the PCA plot discriminates all groups
of various concentrations of AZM in order from A0−A11,
describing 84.95% variability by PC-1 and remaining 6.13%
variability by PC-2.
Figure 4 represents the PCA analysis of Raman spectral data

sets of formulations A1 and A10 showing the differentiation in
the form of clusters on positive as well as negative axis, while
PCA loadings are explained in Figure 5 which is the reason for
this separate spectral clustering.

Figure 1. Chemical structure of AZM.
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In Figure 5, PC loadings are discussed. There are positive
and negative loadings. The Raman spectral peaks appearing in
positive loadings refer to the peaks of API, whereas the Raman
spectral peaks appearing in negative loadings are referred to as
peaks of excipients. PC loadings confirm the peaks assignments
in the mean plot in Figure 2. PC-loadings of API as well as
excipients are sorted by solid lines and are associated with
positive and negative loadings, respectively.
The Raman spectral features which are detected in PC-1

regarding positive loadings comprise 1456 cm−1 (C−O−C

stretching mode), 1375 cm−1 (CH2 wagging), 1042 cm−1 (C�
C stretching), 966 cm−1 (C�O stretching), 811 cm−1 (C−C
str.), 778 cm−1 (C−O−C torsion), 735 cm−1 (C−O−C out of
plane), 616 cm−1 (C−O−C bending), and 403 cm−1 (C−N−
C bending), which appeared prominently and are assigned to
API of AZM. The spectral features which are detected in PC-1
regarding negative loadings are at 1262 cm−1 (C−H
deformation), 1083 cm−1 (lactose vibrations), 880 cm−1 (C−
C�O torsion), and 558 cm−1 (calcium phosphate vibrations)
and are related to excipients. Hence, PCA scatter plots with
respect to loadings are successfully used to discriminate the
spectral features of API and excipients as well.

2.3. Partial Least Squares Regression Analysis. PLSR
is a multivariate data analysis technique that is used to predict
different API concentrations in different solid dosage
formulations on the basis of their specific Raman spectral
features. To perform PLSR, the prediction models are
constructed by using standard samples that contain known
concentrations of AZM. For this purpose, the PLSR model
consists of two steps, including calibration and validation
models, which are performed by the randomization of Raman
spectral data attained from standard samples (A0−A11) to
divide the samples into two sets.

Figure 2. Mean Raman spectra of 12 formulations of AZM.

Table 1. Peaks Assignment of Raman Spectral Features
Detected in the Mean Spectra of AZM

Raman peak position (cm−1) peak assignment references

403 C−N−C deformation 31

478 CC scissoring 32

557 calcium phosphate 35

612 C−OH bending 36

731 C−O−C out of plane 36

774 �C−N stretching 36

811 C−C stretching 36

876 C−C�O deformation 37

908 C−N−C torsion 36

963 C�O stretching 36

1042 C−C stretching 36

1083 lactose vibrations 38

1126 wheat starch stretching 39

1259 C−H deformation of sucrose 40

1371 CH2 wagging
36

1454 C−O−C stretching 41

Table 2. Estimation of Blind Concentrations of Certain
Unknown Samples by PLSR

sample name calculated conc predicted conc RMSEC % RMSEP %

A2 100 102.56 2.31 2.68
A4 200 203.43 2.46 2.85
A6 300 303.38 1.92 2.34
A8 400 402.87 2.02 3.14
A10 500 503.68 2.57 2.79

Table 3. 12 Formulations with Alternating Concentrations
of API and Excipients in Solid Dosage Forms

s. no sample name excipient (mg) API (mg) net weight (mg)

1 A0 700 0 700
2 A1 650 50 700
3 A2 600 100 700
4 A3 550 150 700
5 A4 500 200 700
6 A5 450 250 700
7 A6 (unknown) 400 300 700
8 A7 350 350 700
9 A8 300 400 700
10 A9 250 450 700
11 A10 200 500 700
12 A11 0 700 700
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Figure 6 represents the root-mean-square error cross
validation (RMSECV) and root-mean-square error of calibra-
tion (RMSEC) of the first 7 latent variables (LVs). In the
PLSR model, the optimum number of LVs has great
importance. A few or too many LVs can affect the prediction
ability of PLSR calibration and validation models. Generally,
the optimum numbers of LVs are those numbers where the
minimum RMSECV and RMSEC values are extended. So, for
this purpose, 5 LVs are selected which provide an RMSEC of
0.46. From Figure 5, no significant improvement in the model

has been seen after 5 LVs. The purpose of constructing this
PLSR model is to predict the standards of API concentrations
in solid dosage forms of AZM.

2.3.1. Root Mean Square Error of Calibration. The optimal
number of LVs is 5, showing the distinct prediction of various
drug concentrations with an unknown concentration. The
RMSEC is 0.46. Figure 7 presents the regression model for 5
LVs which indicate the predicted concentration as the true
concentration. The value of R2 appeared to be 0.99, which
describes the goodness of the model.

Figure 3. PCA plot of Raman spectra of various formulations of AZM.

Figure 4. Comparison of PCA plots of pure API (A11) vs pure excipients (A0).

Figure 5. PC loadings of Raman spectral data for the first principal component (PC-1) of AZM.
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2.3.2. Prediction of Unknown Concentrations. Figure 7b
shows the unknown concentration of the drug quantitatively,
designated by a small red block, and it is predicted to be about
303.85 mg. The estimation of some randomly selected samples
using the PLSR model is listed in Table 2. The PLSR model is
specifically used for the quantification of unknown concen-
trations of solid dosage formulations of the pharmaceutical.

2.3.3. Regression Coefficients. Figure 8 represents the
regression coefficients which are attained via the PLSR model.
The peaks which are associated with the positive side are 332,
479, 548, 743, 775, 882, 1086, 1351, 1412, and 1511 cm−1, and
these are related to API as detected in Figure 5 and already
discussed above. The peaks that are associated with the

Figure 6. Presentation of the PLSR model of AZM to predict the number of latent variables.

Figure 7. Presentation of PLSR analysis with (a) calibration and (b) prediction values of Raman spectral data for the quantification of AZM.

Figure 8. Regression coefficients of PLSR analysis of solid dosage formulations of AZM.
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negative side are 794, 1001, and 1232 cm−1 and are related to
the excipients.

3. MATERIALS AND METHOD
3.1. Sample Preparation. The API of AZM was taken

from Getz Pharma (Pvt) Ltd., Lahore, Pakistan. The solid
dosage formulations of AZM were prepared by mixing the
excipients, which contain talcum powder, starch, lactulose, and
titanium powder with the AZM API in different concen-
trations. All formulations formed by mixing API and excipients
were homogenized in powder form. Almost 30 mg of each
formulation/sample was kept on an aluminum substrate.
Fifteen Raman spectra were obtained for each sample. While
recording the Raman spectra of each sample, the objective 4×
was fixed at various locations of the sample in order to address
the homogeneity of each sample.

3.2. Raman Spectral Acquisition. The spectral acquis-
ition of various samples of AZM was done by a Raman
spectrometer (Peak Seeker Pro-785; Agiltron, USA). About 30
mg of sample was put on an aluminum slide from each
formulation at standard temperature; a 785 nm laser was
applied as an excitation source via a 4× objective. To record
the signal, a charged coupled detector was used in an apparatus
that reduces electrical noise in the spectra. From each
formulation mentioned in Table 3 (A0−A11), 15 Raman
spectra were obtained. In this way, a total of 180 Raman
spectra were acquired for 12 formulations of solid dosage
forms with spectral sequences of 200−1600 cm−1.
While preprocessing the Raman spectral data by using the

software named MatLab, 1 formulation (A6) among 12
formulations was kept unknown to confirm the strength of the
PLSR model for quantitative analysis. After all spectra were
recorded, Raman spectral data sets were introduced to MatLab
7.8 (.dat files) for data preprocessing and multivariate analysis.

3.3. Data Preprocessing. To preprocess the Raman
spectral data of the various samples of AZM, MatLab 7.8 (The
MathWorks Inc., Natwick, MA, USA)43 with in-house-
developed codes was applied. The preprocessing involved
substrate removal, baseline correction and smoothing, and
vector normalization methods. For the smoothing process, the
Savitzky−Golay filter was used.44 Furthermore, spectra of the
substrate (aluminum peak) were subtracted from each
spectrum of various concentrations/formulations of AZM,
and for baseline correction, a rubber band algorithm was used.

3.4. Data Analysis. Raman spectral features were analyzed
by plotting the mean spectra of all samples containing various
concentrations of API as well as excipients.44 To elucidate the
Raman spectral features of AZM, peak assignments were taken
from the literature and are assigned in Table 1. PCA is basically
used for quantitative analysis where the variables analyzed are
numerical. On the other hand, PCA can also be used for
qualitative analysis where the text data is transformed into
numerical vectors. In the current study, PCA is utilized for the
qualitative analysis of AZM.45 The main objective of PCA is to
reduce the complexity of high dimensional data. The PCA
scatter plot transforms correlated variables into uncorrelated
variables to minimize the proportionality of data as well as its
variability.46 The extreme variability is elucidated by the first
principal component (PC-1), whereas the residual variability is
elucidated by the second principal component (PC-2).47 PLSR
is used for quantitative analysis as well as to attain information
about the covariance and known concentrations of spectral
data of various forms of AZM.48 The PLS regression analysis

was used in two steps, including calibration and validation of
the spectral data sets. From the calibration step, the relevant
information on prediction is attained, whereas for validation
step, newly explored components are utilized to check the
presentation of regression model. For this purpose, leave one
sample out cross validation is applied in the validation model.

4. CONCLUSIONS
Raman spectroscopy along with PCA and PLSR analysis has
been found to be a very efficient technique for pharmaceutical
analysis. In the solid dosage formulations of various
concentrations of AZM, PCA is used to discriminate API
and excipients, whereas PLSR is used for the quantification of
API and excipients. In comparison to other techniques, Raman
spectroscopy is more useful as it provides detailed information
about composition of the pharmaceutical formulations,
requires minimal or no sample preparation, and provides
information about all components of formulations without
their separation. Moreover, in solid dosage forms of a
pharmaceutical drug, Raman spectroscopy is useful for both
qualitative and quantitative analysis using characteristic Raman
spectral features of the API. As compared to other techniques,
Raman spectra can be collected from samples with less
acquisition time. Raman spectroscopy successfully identified
the spectral features of API of the AZM at 1454, 1042, 963,
908, 811, 774, 731, 612, and 403 cm−1. Basically, this
technique can be utilized for qualitative and quantitative
evaluations of API of AZM in various concentrations of
pharmaceutical formulations. In order to get quantitative
analysis, the PLSR model was built where RMSEC and
RMSEP values were 0.46 and 2.42, respectively.
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