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Studies on the effect of drugs on organisms such as plants, animals 
and human beings have experienced an evolutionary leap in the form 
of proteomic and metabolomic analysis using mass spectrometry 
(MS). The 2002, Chemistry Nobel prize winner John Fenn established 
a landmark in this field by introducing the electrospray ionization 
technique (ESI), which allows for the transfer of proteins and small 
biomolecules from solutions to mass spe`ctrometers for MS analysis 
[1,2]. Since the advent of ESI-MS, a great variety of methodologies have 
appeared to help scientists in solving important questions on clinical 
and medicinal chemistry. MS has been now established as the state-
of-the-art analytical tool in which richest data from molecular systems 
can be acquired. In medicinal chemistry, three MS approaches might 
be highlighted as the most prominent: data dependent UPLC-ESI-
HRMS metabolomics [3], data dependent nanoLC-nanoESI-HRMS 
proteomics [4] and MS imaging applied to the biomarker screening of 
tissues [5]. 

Metabolomic MS screening can usually be categorized into 
untargeted [6] and targeted analysis [7]. In untargeted metabolomics, 
as many molecules as possible are identified in a sample. Relative 
quantities of analytes can be determined when comparing treatments. 
Targeted metabolomics focuses on the relative or absolute quantitation 
of molecular targets using internal standards and/or analytical curves. 
Some MS approaches in metabolomic analysis have been interested 
in the identification of metabolites that are formed in vivo out of 
administered medication. The metabolism is directly related with both 
toxic effects and activity. Another field on interest in metabolomics is 
the study of how the regular metabolism of organisms is influenced by 
an administered medication. 

The metabolic approach uses both high volume data obtained from 
chromatographic separation, as well as high-resolution MS data. These 
accurate data provide information of molecular formulas with errors 
around 1 ppm. Due to the high velocity of MS acquisition, tandem MS 
data from target constituents can be used to increase identification 
accuracy of thousands of small molecules in just one analytical run. 
This MS/MS data facilitates in the formation of an overview of present 
molecules per sample. Data handling using PCA or PLS statistical 
approaches is used to relate treatment evaluation with metabolite up 
and down regulation. For selectivity improvement in metabolomics, 
MS coupled to ion-mobility mass spectrometry can be used, in which 
molecules are separated according to their shape and then characterized 
even more reliably allowing the discrimination between isomeric or 
isobaric metabolites. 

Proteomics analysis is currently conducted using nanoLC-
nanoESI-HRMS. It is therefore expected that this technique will 
soon be applied to the analysis of living organisms. The correlation of 
the proteome with metabolomics could be seen as the Holy Grail of 
how living organisms’ work by being able to gather information that 
combines genomics-proteomics-metabolomics all together. Such as 
in metabolomics, proteomics is performed either in an untargeted [4] 
or targeted fashion [8]. Untargeted proteomic might find expressed 
proteins triggered by the medication administered to living organisms. 
For that it uses the speciation approach and gives clues about how the 
medicines interact towards upregulated and downregulated protein 
responses related to different treatments. Targeted Proteomics is aimed 

to reveal the role of specific proteins and for that uses selected reaction 
monitoring to quantify them relatively or absolutely using standards of 
proteotypic peptides and isotopically labeled peptides. For selectivity 
improvement in proteomics, MS coupled to ion-mobility is a powerful 
approach [9], in which peptides are separated according to their shape 
and then characterized even more reliably allowing the discrimination 
between isomeric or isobaric molecules. Another new approach is 
the data independent analysis that uses broad selection window to 
fragment peptides without any previous conditions usually adjusted 
to data-dependent analysis [10]. One class of interesting proteins that 
can be targeted via MS proteomics is the cytokines. The proteomic 
approach may lead to clues on how to improve the medication to act 
more effectively on a specific organism to which it is administered.

MS imaging uses a variety of MS techniques to inspect the chemical 
composition of a surface. Without the need for laborious sample 
preparation, ambient ionization techniques are rapidly providing 
highly valuable results in IMS [11]. One of such techniques, DESI, 
usually is coupled to high-resolution mass spectrometers or tandem 
MS systems to improve reliability in identification and sensitivity. The 
observed results are usually related to lipid distribution (lipidomics) 
of the analyzed tissue. Spectra from tissues reveal preferentially the 
best ionizable components such as phospholipids, diacylglycerols, 
triacylglycerols and free carboxylic acids, otherwise imaging drugs and 
metabolites in biological tissues were shown to be possible [12]. IMS 
has been causing a great impact on clinical and medical procedures 
for instance by helping pathologists to make better decisions on tumor 
interpretation or delineation after or during brain surgery. DESI-MS 
has been used successfully, for instance, to screen for cancer biomarkers 
and their 2D and 3D spatial distribution on a tissue.

The use of MS techniques on medicinal chemistry is highly 
valuable due to the high-level of spatial information at the molecular 
level associated with the speed and simplicity of analysis and the ability 
to answer important questions about how organic molecules might 
interact positively or negatively on living organism and its pathologies. 
The fast developments of new state-of-the-art MS techniques are 
providing increasingly higher sensitivity, speed and simplicity and 
higher amounts of detailed molecular information in both proteomics 
and metabolomics. There is, however, lots of improvements and 
discoveries to be made and a rough route lies ahead of us to collect and 
incorrectly interpret the huge amount of information from the most 
complex and sophisticated, and exquisitely designed thing on earth: Life.
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