
DOI: https://doi.org/10.53350/pjmhs221662 

REVIEW ARTICLE 

 

2   P J M H S  Vol. 16, No. 06, Jun  2022 

Mass Spectrometry for Comprehensive Analysis of Metabolites 
 
NEHA FARID, ASMA BASHIR, KASHIF ALI 
Faculty of Biosciences, Shaheed Zulfikar Ali Bhutto Institute of Science and Technology (SZABIST), Karachi, Pakistan. 
Correspondence to Neha Farid Email: neha_farid@hotmail.com  

 

SUMMARY 
 

 Mass spectrometry is a highly sensitive high output instrumental analytical technique. It is used to determine the molecular 
mass but also gives the information on molecular structure and is used for quantification as well. It involves the measurement of 
mass to charge ratios of ions. It has become an essential tool in biological research and can be used to characterize a wide 
variety of biomolecules such as sugars, proteins, and oligonucleotides. Although it was developed 100 years ago, it continues 
to evolve both with respect to merit and applications in various fields of science and technology. Mass spectrometry is a field of 
studying macromolecules like proteins and complexes and has very high sensitivity also now compounds at the atom level can 
also be studied. In this present review, a brief history of mass spectrometry is discussed, and the basic principles of the 
technology are introduced. A summary of some current applications of mass spectrometry, current methods used to identify, 
quantify, and characterize proteins and peptides are then reviewed. The range of applications of mass spectrometry is 
considerable and only promises to grow as the technology continues to improve.  
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INTRODUCTION  
 

Mass spectrometry is an analytical technique by which molecules 
or atomic mass is determined. It can be used to find atomic, 
molecular mass and relative isotopic abundance and the 
compound structure in which mass to charge ratios of ions are 
measured. It is one of the important tool in domain of biological 
research helping to characterize various biomolecules such as 
oligonucleotides, sugars, and proteins. By coupling Mass 
spectrometry to different separation techniques, trace compounds 
in various compounds can be analysed, simplifying the complexity 
of structure elucidation1,2. 
 History: The procedure of mass spectrometry was first used by 
J.J Thompson in 1911 to give the indisputable confirmation to the 
presence of isotopes. Basically, mass spectrometry is based on a 
single principle to determine the phase(vapours) of mass of ion 
which is consequently separating the ions in accordance to their 
mass and charge ratios. It also proves the evidence that the mass 
spectrum as a plot of m/e against their relative abundances. 
It is often outlined to J. J. Thomson's work on the existence and 
properties of positive ions round the turn of the nineteenth century. 
Francis Aston continued this work and proved that elements were 
made from several isotopes. He further verified this by separating 
the isotopes with the help of the electrostatic and magnetic fields 
and the focusing them onto a plate. After several decades of 
research, Mass Spectrometry has become a recognized method 
for the separation of atomic ions by their difference in mass, thus 
enabling one to get a mass "fingerprint” which is unique to every 
element or molecule3.  
Types: Mass spectrometers fall under several categories on the 
basis of how the ions are separated. Major types included are 
Quadrupole, Time-of-Flight (TOF), Ion Trap, and Tandem, which 
may be coupled to other multiple techniques.  
Mass spectrometry has importance across various fields which is 
broadly including proteomics. It was first used in biological 
sciences to identify heavy isotopes through biological systems. 
Furthermore, it was used to analyze structure of nucleotide and 
sequence the peptides and oligonucleotides. 
Principle: The basic principle of MS defines to generate organic or 
inorganic compounds by a suitable method to separate the ions 
from mass to charge ratios which also detect quantitative and 
qualitatively. Furthermore, it also includes ionization of sample and 
breaking of sample into small ions and fragments by a variety of 
techniques (electron impact, chemical ionization). Some of these 
are the positive ions, and the set of ions are analyzed and 
separated in a way that a signal is obtained or created for mass to 
charge which is m/z or m/e value. The intensity of each signal is 
represented by relative abundance. The most abundant signal is 
known as the base peak which have the relative intensity of 1004. 
---------------------------------------------------------------------------------------- 
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Components: Spectrophotometers share five significant segments 
for all intents and purpose: a steady wellspring of brilliant energy, a 
frequency selector, test presentation framework, transducer 
(converter of brilliant to electrical energy; photomultiplier), and a 
sign processor and readout (scaled down microcomputer).  
Mass Analyser and Mass Spectrometer: Mass spectrometers 
have three principle parts: a particle source, a mass analyzer, and 
a finder. Ionization of the respective analyte happens in the particle 
source and the subsequent particles are checked at the finder. 
Nonetheless, it is the mass analyzer that is designated to 
determine the mass-to-charge proportion (m/z) of the particles. 
Along these lines, it is principally the analyzer that permits the 
mass spectrometer to serve its essential objective – deciding the 
mass of the analytes being estimated. This gets significant in the 
field of sub-atomic science, where biomolecules might be of low 
sub-atomic weight or regularly take on different charges (z) after 
ionization. Therefore, the decision of analyzer is dependent on the 
properties of the analyte after ionization and the prerequisites of 
the investigation being performed5.  
Analyser:  A laser microprobe mass analyses has been designed 
which is expected to be used in biomedical and physiological 
research. A recurrence multiplied by ruby laser is focused through 
an occurrence light magnifying lens to a particular spot. The micro 
plasma produced from the lighted volume is dissected in a period 
of-flight mass spectrometer recording the total range for each shot. 
From lithium doped epoxy gum (5 ppm b weight), utilized as a 
natural norm, 1.4×10−19g or 1.4×104 particles of the6Li isotope 
have been identified. This affectability relates to that of particle 
microprobes yet is in any event a significant degree higher than got 
with electron test X-beam microanalyzers6.  
Analyzers are normally depicted as either ceaseless or beat. The 
different types of analyzers are: 
Magnetic area mass analyser: Area mass analyzers are the most 
experienced of the MS mass examination advances, having 
appreciated boundless use from the 1950s through to the 1980s. 
Attractive areas twist the directions of particles quickened from a 
particle source into roundabout ways; for a fixed quickening 
potential, commonly set somewhere in the range of 2 and 10 kV, 
the radii of these ways are dictated by the force to-charge 
proportions of the particles. In such a way, the particles of varying 
m/z are scattered in space. Attractive area instruments are 
regularly utilized in arrangement with an electric area, high goal 
and couple mass spectrometry tests. While using an attractive 
area alone, goals of a couple hundred can be acquired, essentially 
because of restrictions related with contrasts in particle speeds. To 
address for this, electric areas can be put previously or after the 
attractive area and is along these lines called as twofold centering 
area instruments7.  
Quadrapole Mass Analyzer: Quadrupole mass analyzer is one 
kind of mass analyzer utilized in mass spectrometry. A 
commonplace quadrupole mass analyzer comprises of four poles 
with an exaggerated cross segment that are precisely situated 
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equal in an outspread cluster. The quadrupole bars are regularly 
built utilizing molybdenum compounds in view of their inborn 
inactivity and absence of action. Extremely high levels of 
exactness and exactness (in the micrometer locale) in pole 
machining and relative situating are needed to accomplish unit 
mass precision. Quadrupole mass spectrometers ~QMSs' are 
broadly utilized in both industry and exploration for quick exact 

investigation of gas and fumes. The QMS contains fundamentally 
three components i.e mass filter, ion finder and ion source [8,9].  
•Ionization strategies utilized in mass spectrometry are 
Protonation, Deprotonation, cationization, transfer of a charged 
atom to the gas stage, Electron launch, and Electron catch 
Ionization sources used in mass spectrometer: 

 
Ionization strategies Mechanism of Action References 

Electrospray Ionization 

A metal capillary having an electric potential, that holds the analyte solution, sprays the analyte as droplets of 
micrometre radii from the Taylor cone, charged positively due to the generation of protons at the interface 
between the metal and solution in the capillary. The droplets evaporate and until the surface tension is 
balanced until the charge density on droplets increases. The precursors to the gaseous ions are the charged 
Nano-droplets with charges concentrated on the outer surface in its entirety and ions residing inside. The 
charged Nano-droplets give rise to an electric field that forces the smaller ions to eject out from the surface of 
the droplet. As the evaporation of these nanoparticles or Nano-droplets takes place, the charge that they carry 
is passed on to the analyte. 

[11] 

Nano electrospray 
Ionization 

The technique employs glass capillaries with orifices of diameter<10 µm coated with a material of high 
conductivity. The sample of analyte added is <5 µL. The spray needle is adjusted with a micromanipulator right 
in front of the counter electrode only a 2mm far off. The syringe at the other end provides pressure and at 500-
1000V, the analyte disperses at a rate of 20-50 nL/min. 

[12] 

Atmospheric pressure 
substance Ionization 

In this method, the ions and charged species are generated from the flowing afterglow discharge. The system 
works at 500V & 25mA which helps in the generation of ions and their intermixing with the atmospheric air, 
used as a source to ionize the gaseous compounds. As of the solids and liquids, dissolution (of former) 
followed by atmospheric desorption takes place which are rather difficult before the process is carried out. 

[13,14] 

Matrix helped laser 
desorption or Ionization 

mass spectrometry 
(MALDI-MS) 

The organic matrices incorporate the analytes in either viscous or solid phases and the laser irradiates it upon 
which the charges are redistributed by the matrix and this facilitates the ionization of analytes. 

[15] 

Electron Ionization 
This can either be due to the outer and inner shell’s electron transitions directly as a sequence or due to 
electron excitation of inner shells to unoccupied levels of the subsequent shells coupled with auto ionization. 

[16] 

Chemical Ionization 
The reactions taking place between molecules of investigated substances and ions (ionizing reactants) drive 
the ionization of the former. The reactant ions result from the transfer of proton moieties on the substance. The 
interaction and the chemical reaction thereof between the reactant ions and investigated substance ionize it. 

[17] 

Thermal Ionization 
Loaded samples in a cavity (cylindrical) attached to a rod (tungsten) can be ionized by the 
electron bombardment and resultant heating of the cylinder at a temperature of approx. 3300◦C 

[18] 

 
Ionization Sources Applications References 

Hard Ionization 
Sources 

Studying the mass spectra of small organic biomolecules, ions with higher masses, DMT-dinucleotide, small 
poly-aromatic hydrocarbons,  medicinal agents, and other biopolymers [19,20] 

Soft Ionization Sources Study the mass spectra of involatile molecules, aliphatic compounds, and molecular ions of the substance. 

 

Function: MS needs to perform three functions primarily: 

 Creating ions, which means molecules are subjected to high 
energy levels with high energy of beam electrons which 
convert them to ions. 

 Separating ions, which means as they are subjected to move 
in an electric field so the ions are separated according to 
mass to charge ratio.  

 Detecting ions, which means when ions are generated, the 
MS needs to qualify and quantify them. 

Uses: Mass spectrometry is widely used by medical researchers, 
chemists, biologist, environmental and forensic scientist. It is also 
used to quantify materials which are known, and within the sample, 
we can identify the unknown compounds and analyze the chemical 
compounds of different molecules. Mass spectrometry basically 
relates to the ionization of molecules. It however involves the 
conversion of gaseous ions which are later identified or 
characterized by mass to charge ratio or relative abundances. It is 
totally depended upon the chemical reactions which take place in 
the gas phase, in which sample molecules are utilized during the 
formation of neutral and ionic species21,22. 
Mass Spectrometer detector includes a chromatographic technique 
like Gas Chromatography (GC) or High Performance Liquid 
Chromatography (HPLC). This coupling of techniques help in the 
analysis of mixtures. Typical HPLC detectors like diode array or 
GC detectors like flame ionization (FID), and ultraviolet (UV) aren't 
capable of providing the maximum structural information like the 
MS. For elemental analysis, mass spectrometry can be coupled to 
another application such as plasma (ICP) with MS23.  
Applications: Among the new psychoactive substances (NPS), 
supposed fashioner benzodiazepines have happened to specific 
significance throughout the last 2 years, because of their 
expanding accessibility on the web drug market. Restoratively 
utilized nitrobenzodiazepines, for example, flunitrazepam are 

known to be widely processed via N-dealkylation to dynamic 
metabolites and by means of nitro decrease to the 7-amino mixes. 
The point of the current work was to probably recognize stage I 
and II metabolites of the most recent individuals from this class 
showing up on the NPS market, clonazolam, meclonazepam, and 
nifoxipam, in human pee tests. Nano-fluid chromatography-high-
goal mass spectrometry was utilized to give information about their 
perceptibility in pee. Information uncovered that clonazolam and 
meclonazepam were broadly processed and primarily discharged 
as their amino and acetamino metabolites. Nifoxipam was likewise 
broadly processed, however rather fundamentally discharged as 
the acetamino metabolite and a glucuronic corrosive form of the 
parent. In light of examination of human pee tests gathered in 
instances of intense inebriation inside the Swedish STRIDA 
venture, and tests submitted for routine medication testing, the 
most bountiful metabolites and great focuses for pee drug testing 
were 7-aminoclonazolam for clonazolam, 7-
acetaminomeclonazepam for meclonazepam, and 7-
acetaminonifoxipam for nifoxipam24.  

Mass spectrometry (MS) strategies, due to their affectability 
and selectivity, have become techniques for decision to describe 
the human metabolome and MS-based metabolomics is 
progressively used to portray the complex metabolic impacts of 
supplements or nourishments. Anyway progress is as yet 
hampered by numerous unsolved issues and most outstandingly 
the absence of grounded and normalized strategies or systems, 
and the troubles actually met in the ID of the metabolites impacted 
by a given wholesome intercession. The reason for this paper is to 
audit the fundamental snags restricting advancement and to make 
suggestions to conquer them. Recommendations are made to 
improve the method of assortment and planning of natural 
examples, the inclusion and nature of mass spectrometry 
examinations, the extraction and misuse of the crude information, 



Mass Spectrometry l 

 

 

4   P J M H S  Vol. 16, No. 06, Jun  2022 

the recognizable proof of the metabolites and the organic 
translation of the outcomes25,26.  

LC–MS–MS has been performed with triple-quadrupole 
(QqQ) and quadrupole-season of flight (Q-ToF) instruments and 
has been utilized for screening and affirmation of drugs in surface, 
drinking, and ground water. Screening depended on observing of 
one explicit MS–MS particle of the objective mixes. Affirmation of 
the character of the drugs depended either on the checking of two 
explicit MS–MS particles and estimation of the proportion of their 
forces, or on the specific masses of MS–MS item particles got for 
an atomic particle by utilization of LC–Q-ToF MS. The 
arrangement of drugs included four analgesics (acetylsalicylic 
corrosive, diclofenac, ibuprofen, and paracetamol), three anti-
toxins (sulfamethoxazole, erythromycin, and chloramphenicol), five 
blood-lipid controllers and beta-blockers (fenofibrate, bezafibrate, 
clofibric corrosive, bisoprolol, and metoprolol), and the counter 
epileptic medication carbamazepine. Cutoff points of measurement 
went from 5 to 25 ng L−1. 56 examples were investigated and 
deposits of the drugs were distinguished in practically all surface 
and groundwater and in some drinking water tests. The character 
of the mixes could be affirmed by utilization of both QqQ-and Q-
ToF-based LC–MS–MS. Nonetheless, the last method has the 
particular bit of leeway that countless drugs can be screened and 
affirmed at low focuses (1–100 ng L−1) in one run4.  

Metabolomics includes the fair quantitative and subjective 
investigation of the total arrangement of metabolites present in 
cells, body liquids and tissues (the metabolome). By dissecting 
contrasts between metabolomes utilizing biostatistics (multivariate 
information examination; design acknowledgment), metabolites 
applicable to a particular phenotypic trademark can be recognized. 
In any case, the unwavering quality of the logical information is an 
essential for right natural translation in metabolomics examination. 
In this survey the difficulties in quantitative metabolomics 
examination concerning scientific just as information preprocessing 
steps are talked about. Suggestions are given on the best way to 
improve and approve exhaustive sialylation-based techniques from 
test extraction and derivatization up to information preprocessing 
and how to perform quality control during metabolomics considers. 
The present status of strategy approval and information 
preprocessing strategies utilized in distributed writing are talked 
about and a point of view on the future exploration important to 
acquire exact quantitative information from extensive GC-MS 
information is given.It was investigated by scanning electron 
microsopy. Also the surface area was obtained b gas adsorption 
measurement and by Xray diffraction crystalline structure powder 
was determined27,28,29. 
Advantages disadvantages: Mass spectrometry (MS) gives data 
about the sub-atomic load of your compound and, when acted 
related to a burning examination, the general rates of carbon, 
hydrogen, and oxygen present. This is very helpful in deciding a 
sub-atomic equation for the compound you are endeavoring to 
distinguish. Mass spectrometry can be exceptionally helpful when 
endeavoring to perceive the character of an obscure compound 
when utilized related to other distinguishing proof strategies, for 
example, carbon and proton NMR and IR spectroscopy. It can be 
joined with GC and LC to run blends. Some different drawbacks 
incorporate that you would not have the option to recognize 
isomers of a compound having a similar charge-to-mass (m/z) 
proportion. Isolating enantiomers as a rule requires something, for 
example, a chiral segment, needs unadulterated compound and 
difficult with non-unpredictable mixes30. 
 

CONCLUSION 
 

Over 1.6 million substance recipes in the 0-500 Da scope has 
been created inside outright assessment of mathematical and 
compound standards in a nitty gritty way. Utilizing the past history 
of the particle species, Whether by spectrometry or by 
chromatography of top quality volume. Specialists make the 
determination that a spectrometry mindful of 3 sections for each 

million volume legitimacy and two percent stable isotope bountiful 
inventory technique botch surpasses mass spectrometers of or 
less optical thickness volume legitimacy or even hypothetical mass 
magnifying lens of 0.1 parts per million volume legitimacy which do 
exclude isotope archives in the sub-atomic weight estimation. 
Other Analysis frameworks of spectrometry will completely 
perceive more than 2,000 proteins in a straightforward quality. 
Basic mix testing isn't limited by resistance, yet by a consequence 
of enormous picture quality metabolites that confine diminished 
examining and proficient blend time. With any further improvement 
of designing and hardware, extraordinarily expanded subsidizing of 
the aging proteins appears possible.  
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