
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Innovative miniaturized approach by MicroNIR and
chemometrics for the monitoring of the
occupational exposure of workers
To cite this article: G Gullifa and R Risoluti 2021 J. Phys.: Conf. Ser. 1960 012008

 

View the article online for updates and enhancements.

You may also like
Impact of Micro-Porous Layer Properties
on Fuel Cell Performance
Mehdi Andisheh-Tadbir, Zahra Tayarani,
Mohamed El Hannach et al.

-

Water Vapor Transport Measurement and
Its Effect on Pemfcs Performance
Ramesh Yadav, Greg DiLeo, Nilesh Dale
et al.

-

The Cell Cooling Coefficient As a Design
Tool to Optimize Thermal Management of
Lithium-Ion Cells in Battery Packs
Alastair Hales, Ryan Prosser, Laura Bravo
Diaz et al.

-

This content was downloaded from IP address 151.100.52.202 on 20/05/2024 at 14:30

https://doi.org/10.1088/1742-6596/1960/1/012008
/article/10.1149/MA2014-02/21/1231
/article/10.1149/MA2014-02/21/1231
/article/10.1149/MA2014-01/1/122
/article/10.1149/MA2014-01/1/122
/article/10.1149/MA2021-023422mtgabs
/article/10.1149/MA2021-023422mtgabs
/article/10.1149/MA2021-023422mtgabs
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstHX_LfI_bVHQ2gTIiGxS45pGVGLfBD4TP-oh4GKyZCyJKW0fiHVGZs_F55nMtk4hrnBx3mwxQYNk8T0NKurEBkFGIBiZHEZ0mc1XSw4hbZxSUOS2pead6MLcbK1LJlQ_kDRoJGUqMoMvT3nPlnXD51-TIEAtRaoBchnIDAh73TqqhB8LY39VRppBK7OG3OeOnxTwZ6lqMXytfzSto-GY4G9VC4LVpQ2TyJ89aETgnirTel4EACIFh3SnSbkF2bsIqJmYPHvsUP3y1P9Ql-PUNJh6InKtrY2HCpBkSVShUqgZsi8RCmAOkLE_xDWGyjZrDEqWGkgePCGQYoB7FZc8eaHT1mHrpm&sig=Cg0ArKJSzCx0i3wsGcWQ&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICIR EUROINVENT 2021
Journal of Physics: Conference Series 1960 (2021) 012008

IOP Publishing
doi:10.1088/1742-6596/1960/1/012008

1

 
 
 
 
 
 

Innovative miniaturized approach by MicroNIR and 

chemometrics for the monitoring of the occupational exposure 

of workers 

G Gullifa1 and R Risoluti1,* 

1Department of Chemistry, Sapienza University of Rome, Italy 

 
*E-mail: roberta.risoluti@uniroma1.it 

 
Abstract. The study focuses on the monitoring of the cladribine exposure during production of 

pharmaceutical ingredients by a novel first level test based on microNIR spectroscopy for the 

monitoring of the worker’s exposure to drugs. The method permits to perform the analyses 

directly onsite and online as it is portable and miniaturized and record data in wireless mode. 

The calibration of the response was performed by considering filter membrane fortified with 

increasing amount of cladribine to reproduce real samples. All the signals were processed by 

chemometrics and a model of prediction was finally developed to predict unknown samples. 

Gas chromatography was used to compare the results from a reference technique with the ones 

from the novel method, obtaining a satisfactory correlation of 0.9989. 

1. Introduction 

The problem of pollution from industrial activities is a very important topic in the various research 

fields, as leads to the dispersion of many pollutants, which can cause serious consequences for plants, 

animals, living beings in general and obviously also for the health of man himself. [1-3]. The pollutant 

elements are varied: plastic dispersion, fine dust, liquids, radioactive waste, radiation, gas, oil waste 

but also vibrations and loud noises.  

In particular, dye and dust pollution [4-7] can affect different environments such as soil, water and 

air especially from the vehicular emissions [8-10]. Recently, a number of innovative materials have 

been proposed for the removal of pollutants [11], including nanotubes [12, 13], pellets and zeolites 

[14-17] from water environment. 

Regardless to water treatment strategies, a significant contribution may be related to compound that 

exhibit sequestering abilities to different ions [18-21]. To this aim, numerous studies in the recent 

years focused on the evaluation of innovative model systems able to be proposed as novel material for 

water remediation [22-25]. 

An other important aspect to take into account when dealing with environmental pollutants is 

related to the exposition of workers during manufacturing processes, especially in pharmaceutical 

industries. In this fiel, novel synthetic strategies [29-32] were considered in the art to propose 

innovative metal free [25-28] and non toxic synthetic procedures by in situ preparations [33-36] 

Cladribine is a cytotoxic purine analog resistant to the action of adenosine deaminase, frequently 

involved in the treatment of indolent lymphoproliferative disorders such as hairy cell leukemia [37-

40]. Pharmaceutical processes, transport, and distribution may expose workers to Cladribine during 

manufacturing [41-44]. As a consequence, the need of rapid and easy to use methods for the 
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monitoring of the occupational exposure of workers, are more and more required, especially in such 

situations involving cytotoxic compounds [45-48]. 

Chromatographic techniques offer fast, automated, and highly accurate method of identifying 

certain chemicals in a sample, but it can be expensive, complex, and doesn't work for all samples [49]. 

Medical, forensic, environmental, and manufacturing laboratories use the technique to quantify and 

separate chemicals in a sample. Chromatographic techniques [50, 51] such as liquid and gas 

chromatography usually coupled to mass spectrometry [52-54] may be used to detect cladribine in 

filter membrane. Neverthless, the chromatographic techniques require the pretreatment step [55, 56] in 

order to extract or concentrate analytes, that may lead to reduce the sensitivity. In addition, liquid 

chromatography may require a large quantities of expensive organic products. Techniques such as 

spectroscopy in the InfraRed or Near InfraRed region can be cheaper and even faster, especially for 

analysis in good manufacturing practice. 

Different techniques and instruments are widely used in the physical and chemical characterization 

of materials both at the level of basic and industrial research and increasingly also in the bio-medical-

pharmaceutical fields. Spectroscopic techniques are usually involved for a multiparametric 

investigation of real matrices because permit to obtain results eliminating the step of the sample pre-

treatment [57].  

The portable NIR instruments meet these needs, allowing the analysts to carry out the analysis 

directly in the company and therefore to make changes online if necessary. The Nir is able to "see" 

only the surface of the samples and therefore it is extremely important that there is an accurate 

sampling and presentation of the sample to be analyzed [58, 59]. 

In particular, the coupling of NIR spectroscopy and chemometrics leads to performing results and 

is able to be used from not specialized personnel after the optimization of the model [60, 61]. 

Chemometric methods provide solutions for separating useful information from what else is contained 

in the data, minimizing time and costs [62]. In addition, by the mean of a miniaturized spectrometer, 

predictions of compounds may be performed directly on site [63, 64] and the optimized methods may 

be transferred to real situations [65-67]. The advantage of portable device is not only related to the 

possibility to perform analyses onsite but also permits to obtain results rapidly by not trained 

personnel.   

The paper proposes a new system, the MicroNIR, operating in the Near Infrared region of the 

spectrum and uses chemometrics to interprete results and correlate for the monitoring of the 

occupational exposure 2-chlorodeoxyadenosine (cladribine, 2-CdA). 

 

2. Experimental 

A Chronos sampling device was used to collect air on glass fiber filters during Cladribine 

manufacturing. Spectra in the NIR region were collected by a miniaturized instrument (45 x 42 mm), 

the MicroNIR weighting 60 g that transfers spectra in a wireless mode directly to the computer for 

processing by chemometric algorithms. 

Prior to the acquisition of the sample, the instrument requires calibration though a special collar 

that permits the registration of a signal related to the total absorbance (dark reference) and a total 

reflectance (Spectralon). The instrumental settings included: an integration time of 10 ms and a 

nominal spectral resolution at 6.25 nm. The total time of analysis was 2.5 s per sample. Multivariate 

statistical analysis was performed by V-JDSU Unscrambler Lite (Camo software AS, Oslo, Norway). 

In addition, GC-MS technique was used to compare results and validate the model. 

 

3. Results 

The first step for the development of reproducible methods is related to calibration of the spectral 

response using simulated samples that reproduce the real samples. In this case, fortified glass filter 

membranes were used to collect air and standard solutions of cladribine were used to add increasing 

amount of cladribine on the filter (Figure 1). Spectra of Cladribine spiked onto fiber glass membrane 

were acquired and compared to those recorded for the filters without the molecule (the blank). A 
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significant matrix effect may be observed in Figure 2, as the two average spectra of blank (blue) and 

spiked blank (green) seemed to be not distinguishable.  

 

Blank	OF	
OF		+	COC	

OF		+	AMP	OF		+	THC	

	
	
	

	
	
	

 

Figure 1. MicroNIR platform for real-time acquisition and prediction of cladribine on filter 

membrane. 

 

	

Oral	fluids	
Oral	fluids	+	THC	

Oral	fluids	
Oral	fluids	+	THC	

 

Figure 2. Spectra collected by MicroNIR of blank (blue) and spiked blank with Cladribine (green). 

 

Chemometric methods require that there is maximum comparability between the variables. This 

easily does not happen to natural data, which for example can have dramatically different orders of 
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magnitude. The basic pre-treatments are: transformation of variables, data scaling, replacement of 

missing data.  

The most common problems of non-comparability are solved by applying scaling, also called 

standardization. The most frequently used are Centering (centering, CS), Scaling with respect to the 

maximum (maximum scaling, MS), Interval scaling (range scaling, RS), Autoscaling (autoscaling, 

AS).  

Principal component analysis (PCA) is the most important among the data exploration techniques 

and consists in transforming the original variables into new variables, called principal components 

(or latent variables), obtained by linear combination of the original variables and such as to be 

orthogonal to each other. 

The PCA allows you to reduce the dimensionality of the data, representing them in an orthogonal 

space; to eliminate spurious information (eg: instrumental noise); to assess the relative relevance of 

the variables; to view objects and search for outliers, clusters, classes. Consequently, PCA is the 

starting point for many multivariate techniques 

In this work, signal pretreatments [68] of the data matrix were investigated in order to improve 

sample separation were evaluated: in particular, Standard Normal Variate transform (SNV), 

Multiplicative Scatter Correction (MSC), Mean Centering (MC) and normalization [69,70] as 

scatter-correction methods and spectral derivation including Savitzky-Golay (SG) polynomial 

derivative filters. The most performing mathematical pre-treatment uses a combination of the 

baseline correction, first derivative transform and Multiplicative Scatter Correction (MSC). By this 

way, samples resulted well separated according to the amount of cladribine on the filter membrane. 

PCA was used to evaluate results and the corresponding scores plot is reported in Figure 3, 

where each point represents the average of 10 spectra and colors are used to differentiate the 

Cladribine amount.  

 

Blank
Blank + cladribine

a) b)

 
Figure 3. Scores plot from PCA of: a) blank (blue) and b) spiked blank with cladribine (red). 

 

Figure 3 demonstrate that samples are located in the plot according to PC 1, thus demonstrating that 

samples may differentiated as a function of the presence of Cladribine on the filter membrane.  
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4. Model of prediction 

The models summarize the state of knowledge of a problem and allow to predict the evolution of the 

system studied. The construction of a mathematical model is always preparatory to chemometric 

procedures such as classification and regression. The classification is based on qualitative models, 

the regression on quantitative models. The procedure on which the search for a model is based is 

divided into 4 phases: 1) Identification. It consists in establishing whether the model is of a 

deterministic type, that is, based on a priori knowledge of functional connections between the 

variables, or stochastic, that is, based on statistics; 2) Construction. It consists in giving a numerical 

form to the model, through a fitting procedure; the latter involves the estimation of parameters that 

define the model and the evaluation of uncertainty; 3) Validation. It consists in checking the model 

(testing), quantifying its descriptive capacity and predictive capacity; 4) Application. The model is 

used to predict unknown events.  

In this work, a model of prediction for Cladribine on a filter membrane was developed and 

validated by the regression algorithm PLS in the range 1-200 ng/filter.  

Partial least squares regression is probably the least restrictive of the various multivariate 

extensions of the multiple linear regression model. This flexibility allows to use this method in 

situations where the use of traditional multivariate methods is very limited. Partial least squares 

regression has become a standard tool for the calibration of chemical-analytical methodologies that 

provide multivariate measurements. In general, in the face of a more complicated operation, the PLS 

still provides simpler models and is able to give exhaustive answers even in the presence of 

inaccurate data [62,62,69]. 

Validation of a model is the evaluation of its predictive capabilities. It can be done in two ways. 

The first is CROSS VALIDATION, that consists in excluding some objects and building the model 

with the rest, and then using the excluded objects as a reference standard. Two different ways are 

available: a leave-one-out (LOO), where given n objects, n models are calculated by excluding a 

object at a time: each model is calculated on n-1 objects and verified on the object excluded from 

the model calculation; leave-more-out (LMO). This is similar to LOO, with the difference that k is 

excluded objects at a time. A set of k objects excluded from the calculation and used to test the 

model is called a deletion group.  

The second way is VALIDATION ON TEST SET. The original data is divided into two groups, 

called training sets and evaluation sets or test sets. The model is calculated on the training set. The 

predictive capacity is quantified on the evaluation set. The optimal situation is that in which training 

sets and test sets are defined following experimental design [69,70]. 

The entire data set of measurements were splitted into calibration and validation set in order to 

instruct the platform to predict cladribine. To evaluate model’s ability, 15 independent samples were 

analyzed by the microNIR and results were compared to the parallel GC-MS analysis. This step 

ensures reproducibility and effectiveness and confirm that results are not bath-dependent. 3D scores 

plot is reported in Figure 4.  

MicroNIR results were found to be significantly different concluding that the chemometric 

investigation of data provided for an accurate and sensitive method to quantify cladribine on a filter 

membrane without requiring extraction procedures. The correlation of the results from microNIR 

and GC-MS showed a correlation coefficient of 0.9989. In addition, the novel method permits to 

investigate even amount of cladribine on the filter that are 100 times lower than the reference 

chromatographic method. 
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Blank
Blank + 10 ng cladribine
Blank + 100 ng cladribine
Blank + 200 ng cladribine

 

Figure 4. 3D Scores plot from PLS-DA of blank (blue) and spiked blank with 

10 ng (orange), 100 ng (green) and 200 ng (pink) of Cladribine. 

 

5. Conclusions 

This work presents a novel promising research focusing on the monitoring of cladribine on glass filter 

membrane by a MicroNIR/Chemometric approach. This new method demonstrated to be useful to 

accurately detect cladribine at low amount as it directly measures the sample without pretreatment. In 

addition, the errors of estimation are those required for confirmatory test, suggesting the high potential 

of the platform. The preliminary results demonstrated the feasibility of the miniaturized approach to 

provide an innovative and timely monitoring of workers exposed to Cladribine during manufacturing 

in pharmaceutical industries. 

The coupling of NIR spectroscopy and chemometrics, through a portable instrument, allows for 

quick and easy analyzes that can be used for monitoring air pollution from different materials. In 

particular, the work demonstrates to be able to analyze sampled air on filter membranes with high 

sensitivity and can be proposed for the investigation of other molecules. 

 
References 

[1] De Luca P, Bernaudo I, Elliani R, Tagarelli A, Nagy J B and Macario A 2018 Materials 11 2316  

[2] Giuffrè O, Aiello D, Chillè D, Napoli A and Foti C 2020 Environmental Science: Processes & 

Impacts 22 1731-1742  

[3] Chillè D, Foti C and Giuffrè O 2018 Chemosphere 190 72-79   

[4] De Benedetto C, Macario A, Siciliano C, B.Nagy J and De Luca P 2020 Materials 13(12) 2757  

[5] De Luca P, Foglia P, Siciliano C, B.Nagy J and Macario A 2019 Environments 6 101 

[6] De Luca P and B.Nagy J 2020 Materials 13(23) 5508 

[7] De Luca P, Chiodo A, Macario A, Siciliano C and B.Nagy J 2021 Applied Sciences 11(4) 1687 

[8] Mazza S, Aiello D, Macario A and De Luca P 2020 Environments 7(5) 37 

[9] Foti C and Giuffrè O 2020 Molecules 25 3110  

[10] Cordaro M, Foti C, Giacobello F, Giuffrè O and Sammartano S 2019 ACS Earth and Space 

Chemistry 3 1942-1954 

[11] De Luca P, Carbone I and B.Nagy J 2017 Journal of Green Building 12 141–161 



ICIR EUROINVENT 2021
Journal of Physics: Conference Series 1960 (2021) 012008

IOP Publishing
doi:10.1088/1742-6596/1960/1/012008

7

 
 
 
 
 
 

[12] De Luca P, Nappo G, Siciliano C and B.Nagy J 2018 Journal of Porous Materials 25 283–296  

[13] Lico D, Vuono D, Siciliano C, B.Nagy J and De Luca P 2019 Journal of Environmental 

Management 237 636–643 

[14] Foti C, Mineo PG, Nicosia A, Scala A, Neri G and Piperno A 2020 Frontiers in Chemistry 8 

6082360 

[15] De Luca P, Crea F, Fonseca A and B.Nagy J 2001 Microporous and Mesoporous Materials 42 

37-48 

[16] Vuono D, Guzzo M, De Luca P and B.Nagy J 2014 Journal of Thermal Analysis and Calorimetry 

116 169–182 

[17] De Luca P, Mastroianni C, Siciliano C, B.Nagy J and Macario A 2019 Gels 5(42)  

[18] De Stefano C, Foti C, Giuffrè O and Sammartano S 2014 Journal of Molecular Liquids 195 9-16 

[19] Chillè D, Aiello D, Grasso GI, Giuffrè O, Napoli A, Sgarlata C and Foti C 2020 Journal of 

Environmental Sciences (China) 94 100-110 

[20] Chillè D, Cassone D, Giacobello F, Giuffrè O, Mollica Nardo V, Ponterio RC, Saija F, Sponer J, 

Trusso S and Foti C 2020 Chemical Research in Toxicology 33(4) 967-974 

[21] Chillè D, Foti C and Giuffrè O 2018 The Journal of Chemical Thermodynamics 121 65-71  

[22] Cassone G, Chillè D, Foti C, Giuffrè O, Ponterio RC, Sponer J and Saija F 2018 Physical 

Chemistry Chemical Physics 20, 23272-23280 

[23] Cardiano P, Giacobello F, Giuffrè O and Sammartano S 2016 Journal of Molecular Liquids 222 

614-621 

[24] Falcone G, Giuffrè O and Sammartano S  2011 J. Mol. Liquids 159 146-151.  

[25] Cardiano P, Foti C and Giuffrè O 2016 Journal of Molecular Liquids 223 360-367 

[26] Piazzolla F, Siciliano C, Minuti L and Temperini A 2018 Tetrahedron 74 6534-6543 

[27] Minuti L, Barattucci A, Bonaccorsi PM, Siciliano C and Temperini A 2016 Tetrahedron Letters 

57 917-919 

[28] Aiello D, Furia E, Siciliano C, Bongiorno D and Napoli A 2018 Journal of Molecular Liquids 

269 387-397 

[29] Temperini A, Ballarotto M and Siciliano C 2020 RSC Advances 10 33706-33717 

[30] Temperini A and Siciliano C 2020 Tetrahedron 76 131311 

[31] Temperini A, Piazzolla F, Minuti L, Curini M and Siciliano C 2017 Journal of Organic 

Chemistry 82 4588-4603 

[32] Mazzotti F, Di Donna L, Napoli A, Aiello D, Siciliano C, Athanassopoulos CM and Sindona G 

2014 Journal of Mass Spectrometry 49 802-810 

[33] Antoniou AI, Pepe DA, Aiello D, Siciliano C and Athanassopoulos CM 2016 Journal of Organic 

Chemistry 81 4353-4358 

[34] Temperini A, Aiello D, Mazzotti F, Athanassopoulos CM, De Luca P and Siciliano C 2020 

Molecules 25 25061313 

[35] Cassone G, Chillè D, Giacobello F, Giuffrè O, Mollica Nardo V, Ponterio RC, Saija F, Sponer J, 

Trusso S and Foti C 2019 Journal of Physical Chemistry B 28 6090-6098 

[36] Beneduci A, Corrente GA, Marino T, Aiello D, Bartella L, Di Donna L, Napoli A, Russo N, 

Romeo I and Furia E 2019 Journal of Molecular Liquids 296 111805 

[37] Saven A and Piro L, D 1994 Annals of Internal Medicine 120 784-791 

[38] Curcio R, Aiello D, Vozza A, Muto L, Martello E, Cappello AR, Capobianco L, Fiermonte G, 

Siciliano C, Napoli A and Dolce V 2020 Molecular Biotechnology 62(2) 119-131 

[39] Salvatore L, Gallo N, Aiello D, Lunetti P, Barca A, Blasi L, Madaghiele M, Bettini S, Giancane, 

G, Hasan M, Borovkov V, Natali ML, Campa L, Valli L, Capobianco L, Napoli A and 

Sannino A 2020 International Journal of Biological Macromolecules 154 291-306 

[40] de-los-Santos-Alvarez N, Lobo-Castanfon MJ, Miranda-Ordieres AJ and Tunfon-Blanco P 2003 

Electroanalysis 15 5-6 

[41] Connor TH and McDiarmid MA 2006 A Cancer Journal for Clinicians 56 354-365 

https://www.scopus.com/authid/detail.uri?authorId=56134245100&amp;eid=2-s2.0-85069956730


ICIR EUROINVENT 2021
Journal of Physics: Conference Series 1960 (2021) 012008

IOP Publishing
doi:10.1088/1742-6596/1960/1/012008

8

 
 
 
 
 
 

[42] Furia E, Napoli A, Tagarelli A and Sindona G 2013 Journal of Chemical and Engineering Data 

58(5) 1349-1353   

[43] Aiello D, Carnamucio F, Cordaro M, Foti C, Napoli A and Giuffrè O 2021 Frontiers in 

Chemistry 9 640219 

[45] Bhoomaiah B 2021 The Experiment 2 93-101   

[46] Indelicato S, Bongiorno D, Ceraulo L, Emmanuello C, Mazzotti F, Siciliano C and Piazzese D 

2018 Food Analytical Methods 11 873-882  

[47] Indelicato S, Bongiorno D, Turco Liveri V, Calabrese V, Indelicato S, Piazzese D, Ruggirello 

AM, Siciliano C and Ceraulo L 2016 International Journal of Mass Spectrometry 409 29-37  

[48] Petrelli G and Palmi S 2002 Rapporti ISTISAN Istituto Superiore di Sanità 02(16) 108 

[49] Bartella L, Di Donna L, Napoli A, Siciliano C, Sindona G and Mazzotti F 2019 Food Chemistry 

278 261-266 

[50] Di Donna L, Benabdelkamel H, Taverna D, Indelicato S, Aiello D, Napoli A, Sindona G and 

Mazzotti F 2015 Analytical and Bioanalytical Chemistry 407(19) 5835-5842 

[51] Aiello D, Casadonte F, Terracciano R, Damiano R, Savino R, Sindona G and Napoli A 2016 

Oncoscience 3(7-8) 220-241 

[52] Aiello D, Giambona A, Leto F, Passarello C, Damiani G, Maggio A, Siciliano C and Napoli A 

2018 Scientific Reports 8(1) 10973 

[53] Imbrogno S, Aiello D, Filice M, Leo S, Mazza R, Cerra MC and Napoli A 2019 Scientific 

Reports 9(1) 18953 

[54] Aiello D, Siciliano C, Mazzotti F, Di Donna L, Athanassopoulos CM and Napoli A 2020 Food 

Chemistry 307 125527 

[55] Aiello D, Siciliano C, Mazzotti F, Di Donna L, Athanassopoulos CM and Napoli A 2018 RSC 

Advances 8(63) 36104-36113 

[56] Aiello D, Siciliano C, Mazzotti F, Donna LD, Risoluti R and Napoli A 2020 Molecules 25(7) 

1485 

[57] Stuart B 2004 John Wiley & Sons 

[58] Risoluti R, Gullifa G, Battistini A and Materazzi S 2020 Talanta 211 120672 

[59] Materazzi S, Risoluti R and Napoli A 2015 Thermochimica Acta 606 90-94 

[60] Napoli A, Aiello D, Aiello G, Cappello MS, Di Donna L, Mazzotti F, Materazzi S, Fiorillo M and 

Sindona G 2014 Journal of Proteome Research 13(6), 2856-2866 

[61] Gentili A, Caretti F, D'Ascenzo G, Mainero Rocca L, Marchese S, Materazzi S and Perret D 2007 

Chromatographia 66(9-10) 669-676  

[62] Risoluti R, Gullifa G, Buiarelli F and Materazzi S 2020 Talanta 208 120456 

[63] Materazzi S, Peluso G, Ripani L and Risoluti R 2017 Microchemical Journal 134 277-283 

[64] Agas D, Marchetti L, Menghi G, Materazzi S, Materazzi G, Capacchietti M, Hurley MM and 

Sabbieti MG 2008 Journal of Cell Physiology 214(1) 145-152  

[65] Risoluti R, Gullifa G, Battistini A and Materazzi S 2019 Drug and Alcohol Dependence 205 

107578 

[66] Materazzi S, De Angelis Curtis S, Vecchio Ciprioti S, Risoluti R and Finamore J 2014 Journal of 

Thermal Analysis and Calorimetry 116(1) 93-98 

[67] Sabbieti MG, Marchetti L, Gabrielli MG, Menghi M, Materazzi S, Menghi G, Raisz LG and 

Hurley MM 2005 Cell and Tissue Research 319(2) 267-278 

[68] Risoluti R, Caprari P, Gullifa G, Massimi S, Sorrentino F, Buiarelli F and Materazzi S 2019 

Microchemical Journal 146 374-380 

[69] Risoluti R, Gullifa G, Battistini A and Materazzi S 2019 Analytical chemistry 91(10) 6435-6439 

[70] Risoluti R, Gregori A, Schiavone S and Materazzi S 2018 Analytical Chemistry 90(7) 4288-4292 


