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Background 
In the United States of America (USA), more 

than 15 million people perform medical treatments 
every day using non-steroidal anti-inflammatory 
drugs (NSAIDs) for pain or inflammation. 
Although NSAIDs are widely considered effective 
substances in medical clinics, their administration 
may lead to the development of gastroduodenal 
lesions, such as ulcers and erosions [1-5]. 

Over time, one of the strategies implemented 
to reduce the gastrointestinal risk associated with 

the intake of NSAIDs is the prescription of drugs that inhibit stomach acid secretion, ie, the pharmacological 
class of proton pump inhibitors [1–5]. In addition, the World Health Organization (WHO) classifies chronic 
inflammatory diseases as a major threat to human health [1–5]. Thus, focusing on improving tolerability 
to NSAIDs formulations by combining esomeprazole magnesium and naproxen, producing the desired 
pharmacodynamic response, is becoming more common in the pharmaceutical industry [1–5].

Applying preformulation studies in the early stages of the development of a reference product or generic 
product enables better knowledge focused on both the optimised manufacturing process and the high 
potential for clinical success [6–12]. Therefore, an effective strategy is based on the characterisation of the 
active pharmaceutical ingredient (API) and excipients, providing insight into the physicochemical properties  
such as incompatibilities, detection of impurities, polymorphic transitions and design of formulations with a 
pharmacological approach in which esomeprazole magnesium could be added in the coating of the tablet 
it would be released first in the stomach to reduce the amount of acid produced, while naproxen protected 
by a layer of excipient resistant to the acidic environment of the stomach, could be released in the small 
intestine, thus reducing possible damage to the stomach by its action, so contributing only to its therapeutic 
anti-inflammatory, analgesic and antipyretic effect [6–12]. One of the biggest challenges in the formulation 
design is to achieve stability in the finished product; therefore, it is important to study the compatibility 
between more than one API when there is an association in the product beyond the excipients used in the 
formulation. This enables the selection of the most stable pharmaceutical composition [6–12].
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Chandrasekhara Venkata Raman was an Indian physicist who was awarded the 1930 Nobel Prize in 
physics for his work on light scattering and the discovery of the Raman Effect [13–20]. When the incidence 
of photons occurs in a sample, there is a loss or gain of energy. The loss of energy of the incident photon 
is a stronger effect, and this phenomenon is known as Stokes scattering. In contrast, when the incident 
photons gain energy, this is known as anti-Stokes scattering [13–20]. Within the pharmaceutical industry, 
almost all samples have spectra that follow Stoke dispersion, which mainly involves the vibrational modes 
of the molecules [13–20].

Confocal Raman microscopy (CRM) technology is a powerful ally in the development of pharmaceutical 
compositions through the investigation of the chemical composition of a sample and the particle size 
distribution of the components in the formulations and through the characterisation of the homogeneity of 
the products and the interaction of active substances and excipients. The chemical information obtained by 
CRM is also useful for the design of new molecules for the development of solids, semi-solids, and liquids, 
contributing to a comprehensive understanding of a pharmaceutical product and its development [21].

Raman Imaging
A Renishaw inVia Confocal Raman Microscope equipped with 785 nm laser excitation and StreamLineTM 

fast imaging capability was used to analyse and compare reference and generic tablets.
Reference samples were supplied. Raman spectra were collected from the majority of references 

(especially the API species) for the purpose of generating chemical images of the different species. Some 
excipient spectra were used from the Renishaw excipient database.

StreamLine imaging was used to produce Raman map data from the sectioned surface of the tablets. 
Data was collected from both a small region around the coating (3.5 µm step size) and the entire surface 
(35.5 µm step size). This provides an ideal balance of high-resolution coating analysis and context with 
the entire section.

Spectral map data was analysed using a direct classical least-squares method incorporating the 
reference spectra to produce chemical images of the different species.

For each sample, the chemical images were analysed and compared to provide conclusions and 
answers to the questions posed regarding the location of specific species.

The tablet was held on a metal microscope slide, and the surface was milled to approximately the 
centre of the tablet. The specific conditions for collecting map data are shown in Table I.

Equivalent conditions were used between the reference and generic tablets.

Table I: The specific map data collection conditions.

Raman microscope Coating targeted Entire surface

Wavelength 785 nm

Laser power 50%

Grating 1200 l/mm (1 cm-1 spectral resolution)

Objective 20×

Scan type StreamLineTM imaging

Purpose of scan Domain size and distribution of API species

Total time 39 minutes 61 minutes

Area 595 µm (x) x 780.5 mm (y) 9.017 mm (x) x 9.336 mm (y)

Step size 3.5 µm 35.5 µm

No of spectra 37,910 66,802
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Comparing the Reference Product and Generic Product

 White light images (montages) of the entire tablet surface were collected 
and are shown in Figure 1. This makes determination of the context of the 
analysis locations against the size of the entire sample surface simple (the 
inset white boxes indicate the analysed areas). Multiple analysis regions can 
be defined from the same montage and queued to run concurrently.

The Raman images confirm that there are four layers represented in 
Figure 2. A species similar to esomeprazole magnesium was found in layer 2. 
Naproxen was found in the core and within layer 4.

 Figure 2. Raman images of the coating region and core of the generic tablet.

As shown in Figure 3, the esomeprazole magnesium Raman spectrum is not identical to the reference 
spectrum, suggesting that the esomeprazole magnesium exists in the coating as a different form/
hydrate. In fact, the esomeprazole magnesium presents pseudopolymorphism, that is, a difference in the 
crystallographic profile due to a difference in the degree of hydration (anhydrous, dihydrate, and trihydrate 
forms are available) [22]. The reference spectrum corresponds to the esomeprazole magnesium trihydrate 
form (CAS Number 217087-09-7). 

Figure 3. Raman spectra of the layer 2 of the generic tablet.

Figure 1. White light 
montage of the generic 

tablet.
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The difference found would be justified because the generic product most likely used an organic solvent 
to incorporate the API into the coating, producing a solvate, or caused desolvation, reducing the degree of 
hydration of esomeprazole magnesium from trihydrate to dihydrate or anhydrous forms.

The naproxen Raman spectra are identical to the reference. The presence of increased background 
and other Raman band features enables the naproxen coating to be differentiated from the naproxen core 
(Figure 4).

Figure 4. Raman spectra of the layer 4 of the generic tablet.

Analysis of the entire section shows that the core is made predominantly of naproxen. During the 
sample preparation stage (milling), some parts of the coating became fragmented. The left and lower 
regions are believed to best represent the real coating. A comparison of the coating regions, collected at 
the different spatial resolutions, is shown in Figure 5.

Figure 6 shows that both images reveal the same number of layers with the same content. Using a 
smaller step size from 35.5 µm to 3.5 µm which is smallest spacing between acquisition points on the 
sample, increases the spatial resolution, enabling more detail to be seen.

          
Figure 5. Raman images of the 

entire section of the generic tablet.
Figure 6. Raman images of the coating region and core of the generic 

tablet with 35.5 µm versus 3.5 µm of step size.
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Raman images were produced in the same way for the reference tablet. The coating images confirm 
that there are four layers, equivalent to that of the generic sample, shown in Figure 7. The esomeprazole 
magnesium found in layer 2 exactly matches the supplied reference material (unlike the generic product). 
Naproxen was found in the core and within layer 4, and this species was equivalent between samples and 
the reference material.

Figure 7. Raman images of the coating region and core of the reference tablet.

Figure 8 shows that the esomeprazole magnesium Raman spectrum is equivalent to the reference 
(with the addition of some coating excipients) and different from the generic product. Analysis of the entire 
section showed that the core is made predominantly of naproxen. 

Figure 8. Raman spectra of the layer 2 of the reference tablet.

A comparison of the coating regions collected at the different spatial resolutions is shown in Figure 9.
Both images reveal the same number of layers with the same content. Using a smaller step size from 

35.5 µm to 3.5 µm which is smallest spacing between acquisition points on the sample, increases the 
spatial resolution, enabling more detail to be seen in Figure 10.

Generally, both samples exhibit the same number of coatings, similar coating thicknesses, and the 
same constituents (excipient species were not specifically targeted in this work), according to Figure 11. 
The only significant difference observed was the form of the esomeprazole magnesium species. This 
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species matched the pure reference and the reference tablet and was different from the generic product. 

         

Figure 11. Raman images of the coating region and core of the 
generic tablet versus reference tablet.

Summary
The inVia Confocal Raman Microscope was used to analyse and compare two different pharmaceutical 

tablets, showing how this instrument can be applied in real-world scenarios in the development of 
pharmaceutical formulations. Raman imaging was used to create high-quality data from which detailed 
chemical images could be produced. inVia was capable of imaging the tablets at a variety of different 
spatial resolutions. The 20× objective is ideal for tablet imaging since it can provide a range of spatial 
resolution values (ranging from ~3 µm to greater than 100 µm). This is achieved by analysing the same 
sample depth, enabling simple image comparison. 

In particular, the component analysis method enables images to be generated very quickly, targeting 
specific components, with the ability to reveal ‘unknown’ species for subsequent work. The high specificity 
and sensitivity of this method enables different forms of species to be revealed, as well as the generation 
of detailed chemical images.

Figure 9. Raman images of the 
entire section of the reference 

tablet.

Figure 10. Raman images of the coating region and core of the 
reference tablet with 35.5 µm versus 3.5 µm of step size.

Dezena, R. M. B.; Malta Júnior, J. S.; de Godoy, F. P.; Smith, T.
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The following questions were answered during this analysis, showing the value of the Raman microscope 
as a tool for product analysis and comparison:
i. Determine the layer(s) that contains esomeprazole magnesium.  

Both samples have this present in only one layer. The forms of esomeprazole magnesium appear 
different between the samples.

ii. Confirm the number of layers since there are some differences in the literature.  
Both samples have four clear layers surrounding the core.

iii. Determine the composition of the different layers.  
The API species within the layers and the core were determined. Coating thicknesses could be 
established. Some excipient species were also found; although, this work did not specifically analyse 
these. 

iv. Determine the particle size of naproxen, esomeprazole magnesium, and the major excipients. 
Domain sizes are typically quantified using particle statistics with Renishaw WiRE software. Raman 
images are required to show discrete domains of each species to enable such quantification. In both 
samples, no discrete API domains were found to enable such particle analysis. The core is primarily 
comprised of naproxen, which practically forms one continuous domain. The coatings appear 
relatively homogenous, with no apparent separation of the API species into discrete domains.

v.  Map the distribution of the API and excipients across the different layers.  
The API species are uniformly distributed in the relevant coatings for both tablets supplied.

vi. Compare the distribution of the reference product core with the generic product core.  
No differences were observed between the tablet cores.

vii. Compare the polymorphic form of esomeprazole magnesium and naproxen used in the reference 
product with the reference APIs. Check the hydration state of both APIs.  
The naproxen spectra appear the same between the different tablets and match the reference 
naproxen supplied. The spectrum of the esomeprazole magnesium in the generic tablet was different 
from the reference tablet and the supplied reference material. This most likely results from a change 
in polymorphic form/hydration state.
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