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Abstract: The spectroscopic techniques are widely used as Process Analytical Technology (PAT) tools
supporting the Quality by Design (QbD) concept. The present study focuses on evaluating the feasibility of
NIR spectroscopy as a PAT tool to understand phase transformations of anhydrate and hydrate forms of
naproxen sodium (NS) during pharmaceutical development. Four solid forms of NS i.e. anhydrate (AH),
monohydrate (MH), dihydrate (DH) and tetrahydrate (TH) forms were used in the study. The identity and
phase purity of the solid forms were confirmed by TGA and PXRD measurements. The NIR and FTIR
spectra were also distinct among the four solid forms. Moreover, the chemical information offered by NIR
spectroscopy was better understood by comparison with corresponding fundamental bands in FTIR
spectroscopy. The NIR spectra were analysed using Principal Component Analysis (PCA). Scores plot of
PCA from NIR spectral data depicted good separation among the four solid forms. The loadings plots
indicated that the C-H and O-H spectral regions were mainly contributing to the separation observed in the
scores plot. Thus, the present study indicates the feasibility of NIR spectroscopy to efficiently monitor phase
transformation of NS. Future studies will focus on development of NIR based quantitative model that can be
applied for online monitoring of hydrate formation and dehydration behaviour of the NS solid forms during
processing and storage.
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development such as wet granulation®, drying* and

1. Introduction e . 5
compression” and also during storage”. Therefore,

Solid dosage form is probably the most attractive it is important to identify suitable technique that
for the pharmaceutical product development. can monitor process induced phase transformation
Therefore, understanding on the solid forms of an during early stages of the drug product life cycle’.
API is one of the key requirements to obtain Moreover, the recent trend is shifting towards use
quality pharmaceutical products. The changes in of online monitoring tools with advancements in
the solid form, known as phase transformations, the Quality by Design (QbD) and Process
can have a great impact on the final product Analytical Technology concepts®.

performance’?. The phase transformations can

occur during various stages of product Naproxen sodium (NS, Figure 1) is a widely used

non-steroidal anti-inflammatory drug, marketed as
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anhydrate form. NS is known to exist as
anhydrate, various hydrate and solvate forms ***.
Alteration in physicochemical properties of NS,
attributed to the anhydrate to hydrate
transformation during processing, has been
reported 1> 13,
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Figure 1: Chemical structure of Naproxen sodium

Real time monitoring of the phase transformations
using spectroscopic techniques can provide better
process understanding and control®. In the present
study, feasibility of NIR spectroscopy as an online
monitoring tool was evaluated. Due to the fast,
noninvasive and real time data acquisition
possibilities of NIR makes it an ideal PAT tool.
Furthermore, the significance of principal
component analysis was also evaluated as a
simple and fascinating multivariate data analysis
approach to extract information from the NIR
data.

2. Experimental Section
2.1. Materials

Naproxen sodium (Batch no. RPSN-0010708,
USP grade) was received as gratis sample from
Divi’s Laboratories Limited, India. It was
identified as the anhydrate (AH) form of NS (CSD
refcode: ASUBUL) and was used as received for
preparation of other solid forms. Methanol (HPLC
grade) and Milli-Q water (generated using a Milli-
Q plus system, Millipore, Milford, USA) were
used for the preparation of monohydrate (MH)
form.

2.2. Generation of NS hydrate forms

The MH form was generated by recrystallization
from supersaturated solution in methanol-water

mixture (64 mol% methanol)'*. Dihydrate (DH)
and tetrahydrate forms (TH) were generated by
exposing AH form in desiccators for more than 20
days at 53% and 94% RH, respectively.

2.3. Thermogravimetric Analysis (TGA)

TGA thermograms were recorded using TGA 7
(Perkin  Elmer, Norwich, CT, USA). The
temperature was calibrated using a ferromagnetic
standard, and weight calibration was performed
using a 100 mg standard. Samples (5-6 mg) of NS
hydrate forms were analyzed in a flame-cleansed
platinum pan under open conditions at a heating
rate of 10 °C/min from with a dry nitrogen purge
of 40 ml/min.

2.4. Powder X-Ray Diffraction (PXRD)

Diffraction patterns were recorded at room
temperature using PANalytical X Pert Pro powder
diffractometer (PANalytical B.V., Almelo, The
Netherlands), consisting of a 6/60 goniometer and a
solid-state PIXcel detector. The radiation was
CuK, (A = 1.5418 A), generated at tube voltage
and a current of 45 kV and 40 mA, respectively. A
continuous 26 scan was performed in the range of
2° to 40° 26 with a step size of 0.026° 26 and at a
speed of 96.39 sec/step. Measurements were
performed at ambient conditions using zero-
background silicon plates. Sample spinning was
employed at the speed of 2 sec/revolution during
measurements to minimize preferred orientation
effects. Data were collected using X’Pert data
collector version 2.2 and were analyzed with
X’Pert highscore plus version 2.2.4 (both from
PANalaytical B.V., Almelo, The Netherlands).

2.5. Fourier Transform Infrared Spectroscopy
(FTIR)

Infrared spectra were recorded between 400 to
4000 cm™ using Nicolet 380 FTIR, SmartiTR
(Thermo Fischer Scientific Inc.), fitted with ATR
accessory (Thermo Smart Omni-Sampler). Each
spectrum was an average of 32 scans with spectral
resolution of 2 cm™. Samples were mounted on
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the ATR crystals and compressed. The data were
collected and analysed using OMNIC 8.1.11
software (Thermoscientific).

2.6. Near Infrared (NIR) spectroscopy

Spectra were collected using NIR spectrometer
(NIR-256L-2.2T2, Control Development Inc.,
South Bend, IN, USA) having a thermoelectrically
cooled 256 element InGaAs array detector, a
tungsten light source and a fiber optic probe (six
illuminating optical fibers around one signal-
collecting fiber). The spectra were recorded in a
reflectance mode from 1090 to 2223 nm (equal to
9174 to 4498 cm™) with 10 milisec integration
time, and each spectrum was an average of 32
scans. The resolution of the NIR system was
approximately 8 nm. The samples were measured
on glass slide. The spectra were collected using
CDI Spec32 software (Control Development Inc.).

2.7. Multivariate data analysis

The spectroscopic data were evaluated using
Matlab version 7.11.0 (MathWorks Inc., Natick,
MA, USA) installed with PLS Toolbox version
6.0.1 (Eigenvector Research Inc., Manson, WA,
USA). Principal component analysis (PCA) was
used to visualize the clustering of the samples, and
to understand the scores and loadings. To
overcome the scattering and baseline effects,
various spectral pre-processing methods, such as
standard normal variate (SNV), multiplicative
scatter correction (MSC) and first and second
derivatives, were attempted. The data were mean
centered before calculating the PCA model.

3. Results and Discussion
3.1. Thermogravimetric analysis (TGA)

TGA thermograms of AH, MH, DH and TH forms
are shown in Figure 2. Water loss depicted by
TGA was found to be 6.59%, 12.03% and 21.67%
for MH, DH and TH forms, respectively. The
experimental water content was in well agreement
with the theoretical water content of MH (6.66%),
DH (12.49%) and TH (22.21%) forms.
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Figure 2: TGA of NS solid forms

3.2. Powder X-ray diffraction (PXRD)

PXRD patterns of AH, MH, DH and TH forms are
shown in Figure 3. The experimental patterns of
AH and MH forms were super-imposable with the
patterns calculated from the respective crystal
structures with CSD Refcode of ASUBUL for AH
form™ and IVIDEW for MH form!®. The
characteristic peaks for the NS solid forms were
found to be at 20 values of 8.6° for AH, 4.0° and
7.9° for DH, 4.2° and 8.4° for MH, 13.8° and
14.2° for TH forms. This was found to be matched
with the reported PXRD patterns™® '’
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Figure 3: PXRD patterns of NS solid forms
(The dotted diffractograms are the calculated patterns
for AH and MH forms from their crystal structures)

3.3. FTIR spectroscopy
As depicted in Figure 4, FTIR spectra of the four

solid forms of NS were found to be distinct. The
O-H stretching region (3700-3000 cm™) revealed
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characteristic differences among the solid forms.
Hydrate forms showed band associated with water
of crystallization, while no O-H peak was
observed for the AH form. Moreover, the broader
O-H peak in case of DH and TH as compared to
the sharp peak in MH indicates weaker hydrogen
bonding interaction between molecules of water
and drug molecule in DH and TH forms as
compared to that in the MH form. Moreover, the
differences among the four solid forms were also
observed in the fingerprint region. Characteristic
peaks were found to be at 1585 and 1574 cm™ for
the AH form; 1671 cm™ for the MH form, and
1229 cm™ for the DH form.
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Figure 4: FTIR spectra of NS solid forms

3.4. NIR spectroscopy

NIR spectra are shown in Figure 5. SNV was
found to be the most suitable preprocessing
method for the current spectral dataset. All the
four solid forms exhibit different NIR spectral
profile. The major differences between AH and
hydrate (MH, DH, TH) forms were found to be
the presence of absorbance maxima at ~2000 nm
(O-H combination bands) and ~1450 nm (first
O-H overtone bands) in the latter, which can be
attributed to the water of crystallization in the
hydrate forms. All the solid forms were showing
distinct features in the regions of C-H overtone
bands (~1650 nm). Moreover, the three hydrate
forms were also showing distinct features in the
regions of O-H combination bands and first O-H

overtone bands. The correlation between
fundamental O-H stretching bands in IR spectra
and corresponding first O-H overtone bands in
NIR spectra is depicted in Table 1. It was difficult
to assign such correlation for C-H stretching
vibrations and O-H bending vibrations due to
complex nature of the peaks in these regions in
FTIR spectra.
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Figure 5: SNV corrected NIR spectra of NS solid
forms

Table 1: Correlation of FTIR and NIR vibrations

Solid O-H 1" 0-H 1" O-H
form stretching Overtone Overtone
(FTIR) (theoretical*) (experimental®)
1 6900 cm’™
MH 3450 cm (1449 nm) 1446 nm
1 6700 cm'™
DH | 3350cm (1492 nm) 1496 nm
3450- 6900-6760 cm™®
TH 1 3380 cm® | (1449-1479 nm) | 1447-1465m

*calculated by multiplying the wave-number values for fundamental
vibrations in FTIR spectra by 2; “observed by NIR spectroscopy

3.5. Multivariate data analysis

Principal component analysis (PCA) is one of the
most widely used methods for analysis of spectral
data, where large number of variables (viz.
spectral data points) is correlated'®. For the
current dataset, PCA model with 2 principal
components (PC) were able to explain 95.3%
variation in the NIR spectra of NS solid forms.
Scores plot of PCA model is depicted in Figure 6.
PC1 was mainly separating AH form from the
hydrate forms as well as MH form from the TH
form, while PC2 was separating DH form from
the other three solid forms. Thus, PC1 together



ECPS 2011/Future Manufacturing of Pharmaceuticals

with PC2 was adequate for distinguishing the four
solid forms of NS.

The differences in the NIR spectra contributing to
the separation of the four solid forms can be
interpreted by the loadings plot (Figure 7).
Loadings in PC1 (Figure 7a) indicates that C-H
absorption band at 1650 nm and O-H absorption
band at 2000 nm are the most important variation
among the spectral data of the NS solid forms;
while separation by PC2 was mainly due to O-H
overtone (1450 nm) and combination bands (1950
nm) as depicted by loadings in PC2 (Figure 7b).
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Figure 6: PCA Scores plot (PC1 vs. PC2) for the NIR

data of NS solid forms
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Figure 7: PCA loadings plot (a) loadings on PC1, (b)
loadings on PC2 for the NIR data of NS solid forms

4. Conclusions

The present study dictates ability of NIR
spectroscopy coupled with multivariate data
analysis to distinguish the NS solid forms. Thus,
NIR can be considered as a potential technique to
monitor phase transformations. Further studies
will focus on development of NIR based
quantitative model that can be applied for real
time monitoring of hydrate formation and
dehydration behaviour of the NS solid forms
during processing and storage.
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