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An update on solid-state 
physicochemical characterization 
and microscopy of particles in dry 
powder inhalers

pound inactive in a final formulation. Therefore, it 
becomes important to understand the changes these 
compounds undergo and their influence on the effec-
tiveness and stability of a final formulation. 
Spectroscopic techniques such as infrared spectroscopy, 
Raman spectroscopy, circular dichroism (Figure 1) and 
solid state nuclear magnetic resonance are powerful 
tools for elucidating structure and determining struc-
tural conformation. Mass spectroscopy is another use-
ful tool that is often used to sequence proteins and oli-
gonucelotides to determine their primary structure. 

Inhalation: If we look at the techniques 
described in the article, which are still in 
use? Are some more popular than others?
Priya and Maria: All of the solid-state characterization 
techniques described in the article are still in use. The 
popularity of the technique depends on the type of 
material being characterized and the property that is 
being studied. For example, to visualize solid particles, 
microscopic techniques such as SEM, TEM and confo-
cal microscopy will be relevant. Specifically, for particles 
engineered with excipients, this allows us to visualize 
morphology in order to determine the particle forma-
tion, such as core-shell or matrix. 
In my opinion, all the techniques are equally popular. If 
you think about cars and cell phones, they get upgraded 
regularly with new features while their fundamental 
functions remain the same. Similarly, some of these 
techniques have been improved to increase sensitivity 
and usability. For example, nano-DSC is designed for 
biomolecules and is more sensitive to changes that 
occur at the surface of those molecules. 

Inhalation: Please describe new 
technologies that have come into 
use in the past few years.
Priya and Maria: There is increasing interest in deliver-
ing new therapies such as gene therapy, proteomics and 
oligonucleotides via the inhalation route. These are 
complex macromolecules that require thorough under-
standing of their physical and chemical properties, 
which pertain to their biological activity and stability. 
As mentioned in the article, pharmaceutical processing 
can cause unintentional changes to an active pharma-
ceutical compound. For biomolecules, this is a critical 
concern because such changes can render the com-
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Figure 1

This is a representation of a circular dichroism 
(CD) spectrum. Alpha helix, beta sheet and 

random coil structures of peptides and proteins 
give rise to a characteristic shaped CD spectrum, 

such as this one. The CD technique is helpful 
in characterizing the secondary structures of 
peptides and proteins, comparing structures 

obtained from different sources, and monitoring 
conformational stability under different 
conditions such as temperature, pH, etc.
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Inhalation: Congratulations to both of 
you! Your new career opportunities 
sound exciting and we wish you the best 
of success!

Dr. Priya Muralidharan is a Postdoctoral Associate at 
the Marsico Lung Institute /Cystic Fibrosis Research 
Center, University of North Carolina—Chapel Hill, 
125 Mason Farm Road, Room 7118A, Chapel Hill, 
NC, 27599, US, Tel.: +1 919 966-7053, priya@unc.
edu and Dr. Maria F. Acosta is a Formulation Scientist 
at Nuvox Pharma, LLC, 1635 East 18 Street, Tucson, 
AZ, 85719, US, Tel.: +1 520 624-6688, ext. 1012, 
macosta@nuvoxpharma.com. 
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It is also helpful to determine the molecular weight of 
a compound, which plays a key role in evaluating its 
stability. Water sorption/desorption analysis is 
another useful technique that reveals the affinity of a 
compound for water. This plays a vital role in revealing 
the effect that water could have on the solid-state 
transformation of the compound. Thermal analytical 
techniques like differential scanning calorimetry, ther-
mogravimetry and X-ray diffraction are used to probe 
thermal behavior, molecular mobility and kinetics of 
solid-state stability as well as the extent of crystallinity 
in compounds. 
As mentioned earlier, biomolecules can be very sensitive 
so changes in their physical and chemical behavior can 
impact their biological effects. Therefore, after process-
ing a compound, molecular biology techniques are 
often used to ensure its biological activity. Some of those 
techniques include western blot, flow cytometry and 
polymerase chain reaction (PCR).

Inhalation: Priya, since the article 
was published, you have completed 
your PhD. What are you doing now?
Priya: Yes, that is correct. I graduated with my PhD in 
January 2018 and soon after that continued my 
post-doctoral training in formulation development. I 
worked on developing early stage formulations of new 
molecular entities for different routes of administra-
tion. Much of my research was focused on developing 
dry powder inhaler formulations, where I utilized sev-
eral of the characterization techniques discussed in the 
article. A few of my inventions (formulations) will be 
utilized in upcoming pre-clinical in vivo rodent studies. 
Also, I just started in a new position at the University of 
North Carolina—Chapel Hill as a post-doctoral associ-
ate in the School of Medicine. 

Inhalation: Maria, you have also 
completed your PhD. Would you 
update us on your career? 
Maria: I earned my doctoral degree in pharmaceutical 
sciences in May 2019. Two months prior, I joined the 
pharmaceutical company Nuvox Pharma, LLC and am 
working in their research and development department 
as a formulation scientist. I am developing micro/nano, 
lipid-based, phase-shift contrast agents for diagnostic 
and therapeutic purposes. I’m in charge of the develop-
ment and optimization of new formulations, physical 
and chemical characterization as well as some in vitro 
and in vivo tests. I use techniques such as laser sizer dif-
fraction, SEM, TEM, Raman and FTIR spectroscopy, 
HPLC and gas chromatography, among others.


