SCIENTIFIC REPLIRTS

~of Matrix in Paper: A Powerful
Approach for the Quantification of

Received: 16 March 2016 :

e AcCtive Pharmaceutical Ingredients
ST Using Mass Spectrometry Imaging

Maico de Menezes, Diogo Noin de Oliveira & Rodrigo Ramos Catharino

Herein we present a novel approach for the quantification of active pharmaceutical ingredients (APIs)
using mass spectrometry imaging. This strategy uses a filter paper previously “eluted” with a MALDI
matrix solution as a support for analyte application. Samples are submitted to mass spectrometry

. imaging (MSI) and quantification through characteristic fingerprints is ultimately performed. Results

. for the content of rosuvastatin from a known formulation are comparable to those obtained with a

: validated HPLC method.

° Quantitative analysis of Active Pharmaceutical Ingredients (APIs) plays a major role on the routine of pharma-
. ceutical companies, for reasons that range from quality control"? and pharmaceutical development® to compli-
: ance with regulatory demands®. Chromatographic approaches, such as HPLC and GC, are widely employed in
© these environments, and are aimed at controlling both APIs®, residual solvents® and other related substances/
* impurities’ in tablets, capsules and a wide array of other dosage forms®. The main issue with the use of chroma-
. tography is mostly derived from the residues of solvents that are generated from the analyses; growing trends in
. green chemistry now lean toward the minimization of waste arising from routine analyses’.

: Mass spectrometry (MS) has been increasingly employed as a powerful analytical tool that can be successfully
- implemented in pharmaceutical analyses'” for its great specificity in providing reliable results regarding structure
. information of target molecules in complex mixtures. Within the scope of MS, several important advances were
. developed in the last couple of decades, noticeably the use of soft ionization techniques such as MALDI coupled
* with mass spectrometry imaging (MSI) features!!, to obtain valuable information on the spatial distribution of
* active ingredients directly from the tablet'2. Other studies broadened this view, by showing that the quantification
. of degradation products of APIs is also possible directly in the tablet itself, with remarkable results, even when
© compared to standard methodologies such as HPLC,

: Analytical approaches based on MS that deal with complex samples usually rely on chromatography for
. cleaning and retaining undesired compounds, preventing them from entering the instrument. In this sense,
. sample-eluted paper has already been used as an ingenious and suitable support for samples submitted to MS
© analyses, with ionization methods similar to ESI - the paper spray approach!'*'*, with applications in biological
* samples'® and quantitative analyses!’, rendering a successful technique that has since been developed to provide
. even better results. Following a similar trend, this contribution presents a novel approach for the quantification
. of active pharmaceutical ingredients (APIs) using mass spectrometry imaging. This strategy uses a filter paper
. previously “eluted” with a MALDI matrix solution that will serve as a “readily-ionizable”, homogenous support
- for further analyte application and analysis. The paper strips are submitted to MSI, followed by quantification
. through chemical images of the selective drug signal is ultimately performed, following the principles described
. in earlier contributions'®".
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Experimental Section

Rosuvastatin standard stock solution. A concentrated rosuvastatin standard stock solution was
employed for achieving all subsequent dilutions used in the calibration curve, made up with 98.5mg of rosuvas-
tatin (96.1% of purity) in 20 mL of methanol:acetonitrile (1:1), to achieve a final concentration of 4.733 mg.mL™".

Sample preparation. A piece of 80 g/m? quantitative filter paper (nominal ash content: 90 g) with 6-pm
pore size (Nalgon, Brazil) was cut into 2.5 X 7.5 cm strips and previously tested to check if any interferences would
appear on the selective ion region (data not shown). A solution of a-cyano-4-hydroxycinnamic acid (CHCA)
MALDI matrix was prepared in methanol/acetonitrile (50:50) to a final concentration of 25 mg/mL. The filter
paper strips were introduced in a glass chamber containing the matrix solution at the bottom and were left to
elute completely. Samples from twenty (20) macerated commercial 10-mg generic rosuvastatin tablets of a sin-
gle manufacturer were diluted in methanol/acetonitrile (50:50) and used for measuring rosuvastatin content.
Rosuvastatin standard (Teva API India Limited, India) was diluted in the same solvent system, in different con-
centrations (0.12, 0.24, 0.36, 0.48 and 0.6 mg.mL"}, i.e. 25. 50, 75. 100 and 125%, respectively, as described in the
previous subsection above) to build a calibration curve. 2 uL of the final sample solutions were spotted onto the
filter paper strips, in triplicates, and sent for mass spectrometry analysis after solvent drying. A brief scheme of
the workflow used in the experiments may be found in Fig. 1.

Mass spectrometry. Experiments were conducted in an LTQ-XL MALDI instrument (Thermo Scientific,
San Jose CA) equipped with imaging feature. Typical operating conditions were set as follows: 10 m]J of laser
power, 60 um of raster step size, sample size of 600 x 600 pum, three laser shots per step and collision induced
dissociation energy set at 40 units, using helium as the buffer gas for MS/MS measurements. Survey scan analyses
were performed at the m/z range of 380-600, in the positive ion mode.

Data workup. Spectral and MS/MS results were analyzed using Mass Frontier software (v. 6.0, Thermo
Scientific, San Jose, CA). MSI data were treated using ImageQuest software (Thermo Scientific, San Jose, CA);
quantification using MSI was carried out according to de Oliveira et al.?, where the area (pixels) of the obtained
chemical images in grayscale were analyzed using the Image] software (National Institutes of Health — Open
Source). This software provided arbitrary values regarding pixel intensity: a lighter color in the scale meant less
amount of the substance, while a darker color meant a higher amount, much like an HPLC approach, where larger
peaks signify larger amounts of the analyte. No data normalization was performed. The obtained arbitrary values
provided by ImageJ were then used to plot the analytical curve.

HPLC. Chromatographic analyses used for comparison in method validation were carried out in a LaChrom
Elite, Merck Hitachi HPLC instrument equipped with a Purospher® STAR RP18e 150 x 4.6 mm 5-pm column.
Mobile phase was comprised of a 0.05 M formic acid solution and acetonitrile (65:35). Other parameters were as
follows: flow rate set at 2.0 mL.min~?; injection volume of 10 uL; oven temperature of 35°C and DAD detector
set at A =250 nm. Samples were diluted according to the method described above, with a further filtration step
through a 0.45-pm PVDF filter. Rosuvastatin retention time was observed at 8.3 min. All validation calculations
were performed using the software Validation Manager (version 3.400, VWR International, Germany).

Results and Discussion

Two main validation parameters were tested to check the power and feasibility of this application: selectivity and
linearity. The first was verified through characterization by tandem mass spectrometry (MS/MS; high-resolution
figure with structure assignments can be found in supporting information). Figure 1 presents the general work-
flow of the analytical approach, while Fig. 2 portrays the fragmentation profile of rosuvastatin, with structures
assigned to each product ion found, as well as the comparison between linearity curves of MSI and a validated
HPLC methodology used for routine quality control.

Linearity check was performed through the establishment of a calibration curve using MSI. After filter paper
preparation, extracted 10-mg rosuvastatin tablets obtained from a local manufacturer were used to build a 5-point
curve, with concentrations that ranged from 0.12 to 0.6 mg.mL~'. Rosuvastatin content was measured using the
calibration curve; Table 1 organizes results from the calibration curve, along with the relative standard deviation
(RSD, %); and Table 2 observed content for the commercial rosuvastatin tablet. Since RSD values for content were
found under the recommended threshold of 2% !, the MSI strategy may be considered equivalent to HPLC regard-
ing the linearity parameter (HPLC content value for a validated method: 99.8%, RSD 0.804%, data not shown).
Estimates of limit of detection (LoD) and limit of quantification (LoQ) were calculated using Validation Manager
Software (version 3.400, VWR International, Germany), and compared to those obtained with HPLC, as seen in
Table 1. The calibration curve presented a calculated confidence level of 97.50; values of LoQ were at 0.252 mg.mL ™!
and LoD <0.01 mg.mL™", calculated according to Huber?'. The observed recovery in MALDI-MSI for rosuvas-
tatin extraction at 100% (0.47 mg.mL™!) is 0.465 mg.mL™" (98.23%). Hence, the obtained results for linearity
were deemed validated according to the specifications, as they were within the range for quality control of the
finished product (content must be within the range of 90-110%; HPLC: Recovery = 99.8%; LoQ =4.47 pg.mL™!
and LoD = 1.47 pg.mL "}, data not shown).

Using matrix-impregnated filter paper as a support for ionization in MALDI-MSI presented sufficient evi-
dence to be considered an effective method to perform simple and effective quantitative assessment of APIs.
The strategy of eluting the paper with a matrix solution prior to sample incorporation eliminates potential prob-
lems with homogeneity, which is a considerable drawback in MALDI analyses. Figure 3 illustrates the compar-
ison between a regular filter paper and after impregnation with matrix. It is possible to notice the homogenous
dispersion of matrix across the paper fibers, which enhances the ionization potential of molecules deposited
onto the paper slide. Several advantages may be therefore inferred from this approach; the use of filter paper, an
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Figure 1. Detailed workflow of the experiments used to carry out MALDI-MSI quantification of

rosuvastatin.

inexpensive laboratory item, has a standardized grammage and pore size, as well as a very small and controlled
amount of impurities (denominated as “ash content”), which are very desirable characteristics for an analytical
support. Furthermore, using elution to saturate the paper with matrix is a cost-effective strategy, using very little
amounts of solvent and rendering a very homogenous base for ionization, which is evidenced by the linearity
observed in the experiments, in addition to an environmental-friendly approach, with little solvent residues gen-
erated in the process. Moreover, although HPLC is accurate and precise enough, MALDI-MSI offers a wide range
of features to assist in characterization and control of organic molecules that are suitable for API control; MS/MS

Images for Quantification
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Figure 2. (A) Typical chromatogram; (B) linearity profile of HPLC; (C) typical MS/MS of rosuvastatin and
(D) linearity profile for MALDI-MSI.

0.25 10.00 0.11832 61282934 5.999
0.50 10.00 0.23665 86460116 1.470
0.75 10.00 0.35497 95403564 1.176
1.00 10.00 0.47329 114391013 2.573
1.25 10.00 0.59162 138185037 1.307

Table 1. MALDI-MSI calibration curve data.
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102.60 0.465 116028109 9.298 98.23 1.950

Table 2. Observed values for content on the commercial rosuvastatin tablet.
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Figure 3. Microscopy images evidencing the paper impregnation by matrix, compared with regular paper.

(tandem MS) emerges as a better and more reliable alternative to ensure method specificity, enhancing the
method selectivity. The major limitation of the method, in comparison with HPLC, is in terms of precision and
accuracy. This may be explained by the characteristics of the ionization, intrinsic to the method; MALDI uses a

pul

sed laser to ionize molecules, and the brief interruption in ion formation and, consequently, detection, may

directly influence in quantitative results, causing undesired fluctuations and, sometimes, higher RSD values when
compared to a conventional approach. However, our experiments evidenced that this phenomenon has very little

infl

uence over the results, providing values that are within the acceptable ranges across all analyzed concentra-

tions, in a very straightforward and timely fashion.

Re
1

11.

12.

13.
14.

15.

ferences

. International Conference on Harmonization (ICH). Q2A: Text on Validation of Analytical Procedures 60 http://www.ich.org/

fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf (1995).

. International Conference on Harmonization (ICH). Q3A (R2): Impurities in new drug substances 25 http://www.ich.org/fileadmin/

Public_Web_Site/ICH_Products/Guidelines/Quality/Q3A_R2/Step4/Q3A_R2__Guideline.pdf (2006).

. International Conference on Harmonization (ICH). Q8 (R2): Pharmaceutical development 71 http://www.ich.org/fileadmin/

Public_Web_Site/ICH_Products/Guidelines/Quality/Q8_R1/Step4/Q8_R2_Guideline.pdf (2009).

. International Conference on Harmonization (ICH). Q10: Pharmaceutical quality system 4 http://www.ich.org/fileadmin/Public_

Web_Site/ICH_Products/Guidelines/Quality/Q10/Step4/Q10_Guideline.pdf (2008).

. Sistla, R,, Tata, V., Kashyap, Y., Chandrasekar, D. & Diwan, P. Development and validation of a reversed-phase HPLC method for the

determination of ezetimibe in pharmaceutical dosage forms. Journal of pharmaceutical and biomedical analysis 39, 517-522 (2005).

. B'Hymer, C. Residual solvent testing: a review of gas-chromatographic and alternative techniques. Pharmaceutical research 20,

337-344 (2003).

. Ertirk, S., Aktas, E. S., Ersoy, L. & Figicioglu, S. An HPLC method for the determination of atorvastatin and its impurities in bulk

drug and tablets. Journal of pharmaceutical and biomedical analysis 33, 1017-1023 (2003).

. Gomes, E P. et al. Development and validation of stability-indicating HPLC methods for quantitative determination of pravastatin,

fluvastatin, atorvastatin, and rosuvastatin in pharmaceuticals. Analytical letters 42, 1784-1804 (2009).

. Armenta, S., Garrigues, S. & De la Guardia, M. Green analytical chemistry. TrAC Trends in Analytical Chemistry 27,497-511 (2008).
. Holm, R. & Elder, D. P. Analytical advances in pharmaceutical impurity profiling. European Journal of Pharmaceutical Sciences 87,

118-135 (2015).

Reyzer, M. L. & Caprioli, R. M. MALDI-MS-based imaging of small molecules and proteins in tissues. Current opinion in chemical
biology 11, 29-35 (2007).

Earnshaw, C. J., Carolan, V. A, Richards, D. S. & Clench, M. R. Direct analysis of pharmaceutical tablet formulations using matrix-
assisted laser desorption/ionisation mass spectrometry imaging. Rapid Communications in Mass Spectrometry 24, 1665-1672
(2010).

Rodrigues, L. R., de Oliveira, D. N., Ferreira, M. S. & Catharino, R. R. In situ assessment of atorvastatin impurity using MALDI mass
spectrometry imaging (MALDI-MSI). Analytica chimica acta 818, 32-38 (2014).

Wang, H., Liu, J., Cooks, R. G. & Ouyang, Z. Paper Spray for Direct Analysis of Complex Mixtures Using Mass Spectrometry.
Angewandte Chemie International Edition 49, 877-880, doi: 10.1002/anie.200906314 (2010).

Liu, J. et al. Development, Characterization, and Application of Paper Spray lonization. Analytical Chemistry 82, 2463-2471, doi:
10.1021/ac902854¢ (2010).

SCIENTIFICREPORTS | 6:29970 | DOI: 10.1038/srep29970 5


http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q3A_R2/Step4/Q3A_R2__Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q3A_R2/Step4/Q3A_R2__Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q8_R1/Step4/Q8_R2_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q8_R1/Step4/Q8_R2_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q10/Step4/Q10_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q10/Step4/Q10_Guideline.pdf

www.nature.com/scientificreports/

16. Wang, H. et al. Direct Analysis of Biological Tissue by Paper Spray Mass Spectrometry. Analytical Chemistry 83, 1197-1201, doi:
10.1021/ac103150a (2011).

17. Manicke, N. E., Abu-Rabie, P, Spooner, N., Ouyang, Z. & Cooks, R. G. Quantitative analysis of therapeutic drugs in dried blood spot
samples by paper spray mass spectrometry: an avenue to therapeutic drug monitoring. ] Am Soc Mass Spectrom 22, 1501-1507
(2011).

18. Pirman, D. A, Reich, R. E, Kiss, A., Heeren, R. M. A. & Yost, R. A. Quantitative MALDI Tandem Mass Spectrometric Imaging of
Cocaine from Brain Tissue with a Deuterated Internal Standard. Analytical Chemistry 85, 1081-1089, doi: 10.1021/ac302960j
(2013).

19. Chumbley, C. W. et al. Absolute Quantitative MALDI Imaging Mass Spectrometry: A Case of Rifampicin in Liver Tissues. Analytical
Chemistry 88, 2392-2398, doi: 10.1021/acs.analchem.5b04409 (2016).

20. De Oliveira, D. N., de Bona Sartor, S., Ferreira, M. S. & Catharino, R. R. Cosmetic analysis using matrix-assisted laser desorption/
ionization mass spectrometry imaging (MALDI-MSI). Materials 6, 1000-1010 (2013).

21. Huber, L. Validation of analytical methods and processes. Drugs and the Pharmaceutical Sciences 129, 507-524 (2003).

Acknowledgements

MM would like to thank Althaia S.A. Industria Farmacéutica for the technical support provided. DNO and
RRC would like to acknowledge Fundagao de Amparo a Pesquisa do Estado de Sao Paulo (Sdo Paulo Research
Foundation — FAPESP) for the financial support given to this work — Process numbers: 11/50400-0, 14/00084-2
and 15/06809-1.

Author Contributions

M.d.M. conceived the methodology, performed all experiments, analyzed the data and prepared the figures.
D.N.d.O. analyzed data and wrote the paper. R.R.C. conceived the methodology and supervised the whole
process.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: de Menezes, M. et al. Capillary-induced Homogenization of Matrix in Paper: A
Powerful Approach for the Quantification of Active Pharmaceutical Ingredients Using Mass Spectrometry
Imaging. Sci. Rep. 6,29970; doi: 10.1038/srep29970 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

TEE o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 6:29970 | DOI: 10.1038/srep29970 6


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Capillary-induced Homogenization of Matrix in Paper: A Powerful Approach for the Quantification of Active Pharmaceutical Ingredients Using Mass Spectrometry Imaging
	Introduction
	Experimental Section
	Rosuvastatin standard stock solution
	Sample preparation
	Mass spectrometry
	Data workup
	HPLC

	Results and Discussion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Capillary-induced Homogenization of Matrix in Paper: A Powerful Approach for the Quantification of Active Pharmaceutical Ingredients Using Mass Spectrometry Imaging
            
         
          
             
                srep ,  (2016). doi:10.1038/srep29970
            
         
          
             
                Maico de Menezes
                Diogo Noin de Oliveira
                Rodrigo Ramos Catharino
            
         
          doi:10.1038/srep29970
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep29970
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep29970
            
         
      
       
          
          
          
             
                doi:10.1038/srep29970
            
         
          
             
                srep ,  (2016). doi:10.1038/srep29970
            
         
          
          
      
       
       
          True
      
   




