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The application of mass 
spectrometry (MS) for 
structural elucidation in life 
sciences and bioanalytical 
approaches has become 
progressively significant. The 
recent advancements in MS have led to remarkable improvements in mass resolving power, mass accuracy, isotopic abundance accuracy, 
and accurate mass multiple-stage MS (n) capability, resulting in superior accuracy and precision in identifying and quantifying biomolecules. 
Furthermore, the advances in hardware and informatics tools for MS have paved the way for more efficient and accurate data acquisition 
and processing methods. In this review, we will elaborate on these improvements and summarize techniques such as ion mobility 
spectrometry (IMS), high-resolution Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS), and data-independent 
acquisition (DIA) methods. The integration of MS with other analytical techniques such as chromatography, nuclear magnetic resonance 
(NMR), and X-ray crystallography has further improved the structural analysis of biomolecules. Overall, the ongoing progress in MS 
technology is anticipated to broaden its applications and influence in several fields  
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INTRODUCTION 
Mass Spectrometry (MS) is an analytic destructive method 

used to weigh up molecular weight and provide molecular 
structure data. It is a highly specific technique, applied in various 
pharmaceutical fields (absorption of drugs, drug designing, 
pharmacokinetics, combinatorial chemistry, etc.) in clinical 
studies (doping, drug abuse, hemoglobin analysis, toxicology, 
neonatal screening, etc.), biotechnology (biochemical genetics, 
analysis of hormones, proteins, etc.), geology (composition of 
oil, protection of the environment (contamination of food, quality 
of water) and endocrinology. MS plays an important role in the 
evolvement of various techniques for analysis and apprehending 

complicated as well as natural organic molecules. Its capability 
ranges from basic molecule detection to advanced structural 
interpretation of high-resolution data produced from orbitrap 
instruments or FT-ICR.1  

The technique which studies elemental analysis of 
biomolecules, mainly proteins and molecular functioning like 
binding of the ligand is MS. In the drug discovery process, it is 
employed to characterize various vital regents. In high-
throughput screening, numerous MS-rooted techniques have 
come up, but these could not replace the conventional 
fluorometric and radiometric techniques. In the process of lead 
discovery, methods like frontal affinity chromatography-MS, 
pulsed-ultrafiltration MS, size-exclusion chromatography-MS, 
and affinity capillary electrophoresis-MS are being proposed. 
Furthermore, MS has become crucial method for biomarker assay 
that could trace action of drugs and progression of disease.2 

The mass spectrometer has an inlet system that sends the 
gaseous sample to the vacuum chamber where ions are generated. 
Here, the neutral sample is ionized and excited, which induces 
fragmentation. The study of such fragments gives information on 
the structure of molecules. In the mass analyzer, each fragment is 
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distinguished by the mass-to-charge ratio (m/z). These ions are 
separated and detected in an ion detector chamber. Subsequently, 
the signal is sent to the data system. The prominent peaks in the 
mass spectrum are those emerging from primary fragmentations 
and secondary fragmentations can be used for spectrum analysis. 
The components of the mass spectrometer are displayed in Figure 
1.3 Nowadays, as mass resolution and technologies have 
enhanced, no prior sample preparation or analysis is required. 
 

 
Figure 1: Components of the mass spectrometer; Taken from 3, 
licensed under CC-BY-SA 3.0. 

Ionization methods: 
In mass spectrometers, the charged analytes are detected only 

in gaseous form. Therefore, an ionization technique/source must 
be employed which converts the liquid sample to its ionized 
gaseous phase and fragmentation of ions takes place. The 
ionization of molecules can be both in negative or positive ion 
mode, depending on their stability.  

Chemical impact: In this method, the reagent gas (ammonia, 
hydrogen, nitrous oxide, and isopropane) is initially ionized by 
the electron source method and afterward reacts with molecules 
of analytes to generate analyte ions.4 And when ions are produced 
at atmospheric pressure using powered nitrogen, this method is 
known as atmospheric pressure chemical ionization (APCI). 

Electron Impact: An electron beam (70eV) strikes the neutral 
molecules to generate positively charged ions or fragments.5  

Field Ionization: In this method, analyte ionization takes place 
by a very strong electric field, which is generally produced by a 
sharp electrode at a high electric potential. When field ionization 
is employed in desorption mode, the technique is known as field 
desorption ionization. 

Atmospheric Pressure Photoionization: In this technique, UV 
light is passed through the gaseous molecules and the photons 
ejected are utilized to ionize vaporized sample.6 

Electrospray Ionization (ESI): In this method, the analyte is 
ionized utilizing an electrospray. The solution is exposed to high 
voltage to produce an aerosol. Based on the structural properties 
of the analyte, multiply charged fragment ions were produced7 as 
shown in Figure 2. Nowadays, nano-ESI or micro-ESI methods 
are gaining more popularity due to their efficiency in terms of 
flow rate, and ionization. 
 

 
Figure 2: Schematic diagram showing ESI procedure; Taken from 7, 
licensed under CC-BY 3.0. 

Fast Atom Bombardment: Highly current particles (Cs, Xe, or 
Ar) are bombarded on the analyte molecules. Due to the high 
energy (4-10 KeV) of the accelerated particles, they produce a 
speedy beam of analyte ions. 

Inductively Coupled Plasma–Mass Spectrometry (ICP-MS): 
In this technique, the ionization takes place at a high temperature 
(8000k), when plasma in the nebulized solvent is introduced to 
the analyte sample.8 

Direct Analysis in Real Time: In this method, the vibrational 
excited state of the molecule or the electronic excited state of the 
atom of the sample interacts with the atmospheric gases. The ions 
are generated by electrical discharge. This method helps in direct 
detection of metabolites and drug agents in urine, saliva, blood, 
etc. 

Matrix-Assisted Laser Desorption/Ionization (MALDI) and 
related techniques: In MALDI, a laser beam (nitrogen laser) is 
used to evaporate and ionize the analyte mixture as shown in 
Figure 3. This method is mainly used for biomolecules like 
sugars, peptides, and proteins.9 Surface-Enhanced Laser 
Desorption/Ionization is another method, where a light-absorbing 
matrix is used to ionize the analyte mixture.10 Furthermore, 
Desorption Electrospray Ionization (DESI) is a novel ionization 
method that works in ambient conditions. It enables high 
throughput analysis and thus is suitable for biological samples, 
and metabolomics.11 
 

 
Figure 3: Schematic of MALDI process; Taken from 12, licensed 
under CC-BY-SA 3.0. 
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Mass Analyzers: 
After ionization of the analyte sample, the ionized ion beam 

should pass through the mass analyzer where the ions are 
separated and analyzed according to their mass/charge ratio. 
Various types of mass analyzers are differentiated based on 
resolution, mass accuracy, analysis speed, % of ions analyzed, 
and mass range limit. 

Orbitrap: Using this method, the ionized ions are trapped in 
the electrostatic field of the analyzer and then transferred to the 
detector for detection. This technique is very effective in 
detecting and quantifying positional isomers. It possesses high 
accuracy, resolution, and sensitivity.13 

Time-of-Flight (TOF): These analyzers employ an electric 
field to accelerate ions. It comprises a flight tube where ionized 
ions with different m/z values are segregated based on the time 
taken to travel from the source to the detector as shown in Figure 
4. It possesses high accuracy, unlimited m/z range, and high 
sensitivity.14 
 

 
Figure 4: Schematic description of TOF-MS process; Taken from 15, 
licensed under CC-BY-SA 4.0. 

Ion Trap: The analyzer filled with helium, comprises of two 
ring and two end electrodes. The pulses in ions gate direct the 
ions to the trap. In this analyzer, all the ionized ions are trapped 
and allowed to oscillate at a certain potential energy. According 
to the m/z value of these ions, they are ejected by a hole and reach 
the detector16.  

Quadrupole: It has four parallel rods which are devised in a 
square shape. The segregation of ions in this method is not 
according to the kinetic energies of the ions, moreover, it is 
related to the relative movement of ions in the electric field. 
These analyzers possess high accuracy, great sensitivity, and 
limited m/z range. 

FT-ICR: Once the ions are ionized, they are directed to the 
trapping cell which is having uniform magnetic field strength. 
The m/z value is inversely related to the angular frequency of the 
analyzer. FT-ICR offers high accuracy, sensitivity, and 
resolution.17 

Detectors: 
The detectors detect the ionized ions so that valuable mass 

spectra can be generated from them. A Faraday cup is a 
traditional detector, which produces secondary electrons when 
ions strike its surface. The generated electrons induce an electric 
current to flow till these electrons are recollected. An electron 
multiplier is another detector, made up of dynodes series. At 
times, these dynodes comprise of scintillator which releases 
photons that are identified by a photomultiplier tube. Due to the 
sensitivity of this technique, metastable ions are very effectively 
studied by it. Furthermore, high vacuum and complex elements 

utilized in MS are subjected to damage, unwanted constituents, 
and contamination of the sample. And therefore, MS hyphenation 
is needed with separation methods. All the hyphenation methods, 
which are equilateral to MS, work as free constituents of the 
system, whereas MS is bound constituent whose outcome is the 
act of the former one. 

 
Main components of obtaining Mass Spectra:  
Creation of spectra: 
As the sample molecules enter into a mass spectrophotometer, 

they encounter an energy source. The energy released from the 
source (electron impact tungsten filament) removes a single 
electron from the sample molecule. Methanol, for example 

e- + CH3OH → [CH3OH]·+ + 2e- 
The detector is sensitive to positively charged molecules and 

not to any radical or neutral molecules. The detector transforms 
the molecule into an electrical signal and the integrator translates 
these signal peaks to a bar graph.  There are more bars than just 
the mass of a sample molecule. And these other peaks are 
credited to the cleavage of bonds in the original sample molecule. 
The main fragments for methanol are:  

[CH3OH]·+ → CH3O+ + H ·  
[CH3OH]·+ → CH2O+ + H2  
[CH3OH]·+ → CH3

+ + OH · 
In any mass spectrum, the two most vital peaks are the 

molecular ion peak and the base peak. The base peak is the largest 
in the spectrum. In the case of methane, the base peak 
corresponds to the CH3O+ fragment (m/z 31). The other peaks in 
the spectrum are referenced as the percentage of base peak and 
referred to as relative abundance. And the normalization of peak 
heights helps in the recognition of fragmentation patterns and 
hence analyte identification18,19. The molecular ion peak signifies 
an analyte molecule that has not undergone fragmentation. It is 
referred to as M·+ ion. The molecular ion peak in the case of 
methanol is caused by [CH3OH] ·+ ion (m/z 32).  

Identifying molecular ion peak: 
The molecular ion peak in the spectrum should be the most 

abundant peak, but it is not the case for a majority of compounds 
like alcohols, nitrogen, highly branched compounds, esters, and 
carboxylic acids. The fragment peaks mustn’t be accidentally 
identified as molecular ion peaks so that the misidentification of 
an analyte can be avoided. Obtaining the chemical ionization 
spectrum can aid in accurately identifying the molecular ion. 

Apart from this, other rules can help in finding out the potential 
masses of molecular ions. One valuable tool is the “nitrogen 
rule”. This rule specifies that if the molecular ion possesses an 
odd mass, then it must own the odd number of nitrogen whereas 
a molecular ion having an even mass must contain the even 
number of nitrogen or must lack them. Since a majority of 
organic compounds that are analyzed either contain one or zero 
nitrogen atoms and so, the rule practically states that the odd 
molecular ion is ascribed to single nitrogen and the even 
molecular ion indicates that the sample lacks nitrogen20. This rule 
is only applicable to compounds that contain nitrogen, carbon, 
hydrogen, halogens, oxygen, Sulphur, and a few other infrequent 
elements. 
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Recognizing Analytes using Isotopic Ratios:  
Isotopes have the same chemical properties but they differ in 

mass. All elements possess several natural-state isotopes21–23. 
Since a majority of elements own two or more isotopes, a ratio of 
these isotopes acts as a powerful tool in deriving the composition 
of unknown samples. Some isotopes are so eminent that they are 
easily observed with the quadrupole mass spectrophotometer 
having unit resolution.  
Table 1: The natural isotopes of most common elements confronted 
in organic chemistry24,25 

Element Isotope Relative 
abundance 

Isotope Relative 
abundance 

Hydrogen 1H 100 2H 0.0151 

Carbon  12C 100 13C 1.112 

Nitrogen 14N 100 15N 0.37 

Fluorine 19F 100   

Silica 28Si 100 29Si 5.10 

Phosphorous 31P 100   

Chlorine 35Cl 100 37Cl 31.98 

Bromine 79Br 100 81Br 97.28 

Iodine 127I 100   

Oxygen 16O 100 17O 0.04 
Abundances are calculated by allocating the 100 values to an eminent isotope. 

 
Fragmentation:  
The goal of explicating mass spectra is identifying the 

structure of a molecular ion by examining fragments of the actual 
molecule26. The size and frequency of the fragments depend on 
the bond energy and structure of the sample molecule. These 
fragments are observed by the interaction of energy emitted from 
the source. This energy removes a single electron; however, the 
excess energy is allocated over numerous degrees of freedom. 
And when the sample molecule comes back to its ground state 
through relaxation, a molecular ion is created as shown in Figure 
5. Other times this energy beats the fragmentation’s activation 
energy and is released by breaking the bonds.  

Stevenson’s rule states that if two fragments are competitive 
to produce a cation, then the fragment having low ionization 
energy will be frequently formed. The fragmentation can proceed 
via two pathways, either heterolytic or homolytic cleavage. In 
heterolytic cleavage, the pair of electrons move to the charged 
site by double-headed arrow giving a radical and a cation. 
Whereas fragmentation from the hemolytic cleavage results from 
the movement of single electrons. And these fragmentation 
patterns are generally the result of functional groups in the 
compound. The bonds that usually break are α and β bonds. The 
β bond is frequently broken as heteroatom’s non-bonding 
electrons allow for resonance forms which stabilize the cation.  

 
Figure 5: Molecular ion distribution of Polypeptide glucagon; Taken 
from27, licensed under CC-BY-SA-3.0 

Rearrangements: 
If the molecular ion has even molecular weight, then usually 

even peaks were created from the rearrangement. In contrast, if a 
molecule has an odd molecular weight, then peaks will be odd. 
Since the low-energy transitions assist in stabilizing the products, 
these rearrangements are favored. Rearrangements are 
responsible for eminent peaks in the spectrum such as loss of 
water from alcohol or McLafferty rearrangement.  

After surveying common compounds in chemistry and their 
respective spectra some conclusions about fractionation patterns 
were drawn28: 

i. The molecular ions of aldehydes, ethers, carboxylic acids, 
and nitrogen-containing molecules like nitriles and 
amides can be very light or potentially absent. And that of 
branched compounds and alcohols is almost undetected.  

ii. Increasing the size of the compound or branching of the 
alkyl portion will reduce the intensity of the peak.  

iii. Cyclic structures, aromatic groups, and elements of 
unsaturation elevate the intensity of the peak.  

iv. Resonance-stabilized cations are promoted as they help in 
the delocalization of positive charge all through the 
molecule.  

v. The cleavage of bonds at substituted carbon atoms is 
favored which produces the most stable cation.  

vi. Generally, the longest chain is removed because a greater 
number of carbon atoms permits the delocalization of 
radicals.  

 
Resolution and Mass Accuracy: 
Current Fourier transform (FT) and TOF mass analyzers 

deliver quantitative performance and mass resolution at a speed 
well under 1 sample/second29. The equipment capable of high 
mass resolution power, dynamic range, and mass accuracy is the 
requirement of MALDI MSI. Moreover, in MALDI MSI 
analysis, FT-ICR MS is reported to give the maximum mass 
spectral performance. This helps in the elucidation of molecular 
features which are otherwise not clear on a low-resolution 
analyzer. In addition to that, increasing the magnetic field 
increases the performance of FT-ICR MS, for instance, with 
enhancement in magnetic field, dynamic range and mass 
accuracy increase quadratically while mass resolving power 



K. Saini et. al. 
 

 
Journal of Molecular Chemistry                        2023, 3(1), 584           Page 5 of 12 

shows linear improvement. In a 21T MALDI FT-ICR MSI 
experiment, rms mass measurement accuracy of less than 100 
ppb was observed along with a resolution of molecular features 
as minor as 1.79 mDa. 30,31. 

 It is very important to know the difference between mass 
resolution and resolving power; while the former is a function of 
mass being measured and ion width, the latter is fixed through 
the mass range on a TOF apparatus. Reduction in sensitivity is 
observed upon an increase in the mass resolving power 32. Only 
when molecular weights become significant, the need for higher 
mass resolution is felt. In addition to that, the spectral acquisition 
rate is compromised when the resolution is very high that is 
100,000 or more than that. For instance, FT-ICR MS delivers 
matchless mass accuracy and resolving power provided adequate 
time is given so that the requisite degree of information can be 
acquired.33 Presently, high-performance liquid chromatography 
(HPLC) together with triple quadrupole mass spectrometers 
(QqQ-MS) is used to carry out multi-analyte methods. They have 
high precision and selectivity but consume a lot of time, detect 
only analytes included in the MS-acquisition method and data 
cannot be analyzed retrospectively.34,35 A full scan MS detection 
should be highly sensitive, and highly selective for each of the 
compounds in the mixture, should confirm the identity of the 
compound, and should accurately quantify analytes. For meeting 
these requirements, one would need mass spectrometers that have 
high mass accuracy and high mass resolving power.36 

In ToF-Secondary Ion MS (SIMS), a cluster ion beam used as 
the sputtering ion source can effectively achieve the depth 
profiling of organic and amino acid films without inflicting any 
damage to the ions.37–42 Various proteins and peptides having a 
molecular weight of up to 15 kDa that were not detected by 
atomic ion beams based TOF-SIMS were easily detected by 
argon gas cluster ion beams (Ar-GCIB).43 Ar-GCIB has been 
reported to have low mass accuracy and sensitivity and loss of 
space and mass resolution. For the preservation of mass accuracy, 
external mass calibration can be used.44 In addition to that, 
‘delayed extraction’, a technique in which an initial pulse is 
applied on the ions to account for the velocity distributions can 
help to maintain high spatial and mass resolution.45,46 The 
problem with delayed extraction is that it makes mass calibration 
difficult leading to low mass accuracy.  Many alternatives to Ar 
have been proposed like the CO2 cluster ion beam which is much 
more stable than the Ar cluster ion beam and thus improves the 
image resolution by a factor of two.47–50 Moreover, the isobaric 
mass tag technology helps in the improvement of precision and 
helps in the simultaneous comparison of multiple protein 
samples.51,52 

Isotopic abundance accuracy: 
The isotope-ratio mass spectrometer (IRMS) is an efficient 

tool to measure isotopic abundance ratios53 as shown in Figure 6. 
Stable isotope analysis is used to measure the natural differences 
in the abundance of stable isotopes of the same element.54 IRMS 
is of two types: dual inlet IRMS 55 and continuous flow IRMS.56 
The latter is more convenient and has higher sample throughput 
than the former but its precision is ten-fold lesser. 

 
Figure 6: Schematic of an isotope-ratio mass spectrometer for 
measuring CO2. Taken from 57, licensed under the public domain. 

Mostly these are magnetic sector type and are superior to 
the quadrupole type as it gives high-quality 'peak shapes' and 
helps in the multiple-collector analysis leading to very high 
precision and accuracy in isotope-ratio analysis. For instance, in 
an investigation, it was reported that for the determination of 
specific and unique elemental composition, high resolution and 
mass accuracy alone are not enough. Fast-scanning TOF mass 
spectrometers combined with LC would significantly gain if 
isotopic abundances are used as an orthogonal filter as it is 
cheaper than FT-ICR mass spectrometers. Compared to ion traps 
and quadruple mass spectrometers, these provide precise masses 
and precise isotopic abundance together.  

There are many applications of isotopic ratio analysis, for 
instance, the isotopic ratio outlier analysis (IROA) method 
coupled with highly accurate mass GC-MS  is used for the 
identification of unknown metabolites from artifacts.58–60 In 
another application, laser absorption spectroscopy (LAS) was 
used to develop a near-infrared methane sensor for analyzing 
carbon isotopic- abundance analysis and is very promising for 
multi-parameter analysis.61 For the calibration of a 
Multicollector-ICPMS or Thermal ionization MS (TIMS), the 
mixtures that are near to the isotopic composition of natural 
potassium are fit.62 In a recent study, a technique that combined 
‘laser ablation molecular isotopic spectrometry’ boosted by 
‘isotopic dilution’ and ‘molecular laser-induced fluorescence’ 
(ID-LAMIS-MLIF), was utilized for exact quantitative analysis 
of boron in aqueous solution.63 Another effective mass analyzer 
is charge detection mass spectrometry (CDMS) and it allows 
calculation of ion’s charge and mass simultaneously. It provides 
mass spectra with high resolution64 and is highly potent to 
analyze hypersensitive protein assemblies like adeno-related 
viruses and ribosomes.65  
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Accurate mass multiple-stage MS (n) capability: 
There have been many exemplary developments in increasing 

the capability of the accuracy of mass multiple-stage MS. For 
instance, the design of a “basket in a basket” technique which is 
founded on the principle of ‘multistage accurate mass 
spectrometric (MAMS)’ was designed. The demonstration of this 
technique was done by procuring a unique elemental composition 
of a compound up to 5 stages of MAMS. Also, tandem MS is not 
enough for elucidating the structure of unknown compounds 
because there is a lot of uncertainty in defining the elemental 
compositions of fragments.  

The use of MAMS in combinatorial drug discovery is very 
useful as the built-in chemical information from the synthesis can 
act as limitations. Application of nano electrospray ionization 
technique helps in characterizing small quantities of 
compounds.66 

APPLICATIONS OF MS:  
Pharmaceutical Applications:  
Phytochemical analysis: Mass spectroscopy is widely used in 

the phytochemical analysis because of its capability to measure 
and identify metabolites having low molecular weight at low 
concentration ranges i.e. below nanogram per milliliter67. 
Therefore, it is contemplated as a trace analysis methodology. 
Various analyte separation techniques such as capillary 
electrophoresis, high-performance liquid chromatography, and 
gas chromatography are associated with mass spectroscopy for 
concurrent determination and separation of analytes called high-
performance liquid chromatography (HPLC)-MS, capillary 
electrophoresis (CE)-MS and gas chromatography (GC)–MS 
respectively.68 Also, temperature-sensitive analytes with high 
molecular weight can be efficaciously analyzed by HPLC 
associated with atmospheric pressure ionization-mass 
spectrometer (API-MS).69 Some of the latest research articles 
highlighting the applications of MS are listed in Table 2 
 

Analytical 
Technique 

Sample Source Analytes  Ref. 

HPLC-ESI-
MS  

Leontopodium 
species 
(Asteraceae) 

Fatty acids, 
diterpenes, sucrose, 
sesquiterpene 

70 

GC × GC–
MS 

Pelargonium 
graveolens 
essential oil 

Limonene, ɑ-Pinene, 
myrcene, citronellal, 
geraniol 

71 

GC–MS Momordica 
charantia 
methanolic fruit 
extract 

Vitamin E, 1-
pentadecyne, 
Gentisic acid,  

3 

GC–MS Extracts of 
Aerva lanata 

5,14-di (N-butyl)- 
octadecane, (R)-(+)-
ç-Valerolactone, 2-
propynoic acid, 9-
octadecenoic acid 

72 

GC–MS  Azolla 
microphylla 

5,14-di (N-butyl)- 
octadecane, (R)-(+)-
ç-Valerolactone, 2-

 

ethanolic 
extract 

propynoic acid, 9-
octadecenoic acid 

UHPLC-
ESI-MS 

Rhizopus 
microsporus 
var. oryzae 
questioned soya 
bean seedlings 

Isoflavonoids and 
prenylated 
isoflavonoids like 
glycitein, daidzein, 
genistein 

73 

HPLC-ESI-
MS/ MS 

Radix astragali Formononetin, 
calycosin, 
formononetin-7-O-
glycoside, calycosin-
7-O-β-D-glycoside 

74 

HPLC–
MS/MS 

Glycyrrhiza 
uralensis Fisch. 
extract 

Licuraside, ononin, 
liquorice saponin G2,  
glycycoumarin, 
glycyrrhizic acid, 
liquiritin, 

75 

LC/MS/MS Dried plums Hydroxycinnamics, 
including glycosides, 
acids, and esters; 
hydroxybenzoic acids 
and a flavonoid 

76 

UHPLC–
MS 

The oot extract 
of Licorice in 
70% ethanol, 
ethyl acetate, 
and ethanol 

Prenylated flavonoids 77 

 

Pharmaceutical analysis: Mass spectroscopy appeared as a 
strong tool for several operations in the pharmaceutical field 
majorly in drug discoveries due to its speed, high sensitivity, 
versatility, and selectivity. It is widely used for the identification 
of impurities in samples. Similarly, LC-MS is used for the 
multidimensional detection of impurities in drug development is 
described. For peptide drugs for example ion trap mass 
spectrometer along with electrospray ionization is employed78. 
Likewise, it can also be utilized for identifying the purity of 
active pharmaceutical ingredients (API), such as MK-0969, M3 
antagonist; MK-0677, cathepsin K inhibitor, API-A, and growth 
hormone secretagogue.79 A protocol was described for 
quantitative and qualitative analysis of pharmaceutical 
compounds using MALDI-TOF MS80. MALDI-MS imaging also 
emerged as a helpful tool in the analysis of pharmaceutical 
formulations.81,82 FT-ICR is another evolving technique used in 
pharmaceutical industry which provide more data per 
measurement. It is used for chemical fingerprinting, de-
replicating, and elemental structure verification of natural 
compounds, like antibiotics.83 

Forensic applications: In forensic research, a sample is used 
in minute quantity, and therefore, high sensitivity is needed for 
analysis. Both GC-MS and LC–MS emerged as indispensable 
tools in the forensic domain. The use of MS is becoming 
remarkable because of increased demand to investigate the use of 
illegal drugs by analyzing body tissues and fluids. Some of the 
drugs are lysergic acid diethylamide (LSD), opiates, marihuana, 
amphetamines, and cocaine. However, cases of death or murders 
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due to drug overdose and poisoning are also the main targets for 
these analyses. LC thermospray tandem mass spectrometric 
technique was invented for quantitative analysis of drugs having 
hypnotic, tranquilizing, and sedative properties, that is 
diphenylbutylpiperidine, benzodiazepine, thioxanthene, 
butyrophenone and methadone in whole blood.84  

BIOMEDICAL APPLICATIONS 
Structure elucidation: Mass spectroscopy is useful in the 

structure elucidation of various compounds. Mass spectrum in 
the form of a bar graph is interpreted by using various peaks such 
as molecular ion peaks, base peaks, isotopic peaks, etc. 
Fragmentation pattern is also a very important component that 
aids in the qualitative analysis of numerous compounds. From the 
Beynon table, prediction of possible elemental composition or 
arrangement of particular mass and determination of the 
molecular formula can be done. Some examples from the 
literature that support the application of mass spectroscopy are:   

a) The structure of apigenin and flavonoid monoglycosides, 
isolated from the shoot of lupin (Lupinus luteus L.), was 
interpreted by using electron ionization (EI)-MS and 
liquid secondary ion (LSI)-MS.  

b) The examination of sulfated heparin viz 
glycosaminoglycan oligosaccharides was done by 
employing tandem MS/MS utilizing quadrupole ion-trap 
mass spectrometer.85  

c) A complete analysis method was invented for galacto-
oligosaccharide mixtures using β-galactosidase based on 
ion-mobility spectrometry-tandem MS with electrospray 
ionization.86  

d) The characterization of a prebiotic galacto-
oligosaccharide mixture with an ion-trap mass 
spectrometer associated with high-performance anion-
exchange chromatography (HPAEC) was done using 
electrospray ionization in combination with NMR.87  

e) The characterization of polyisobutylenes by several MS 
techniques such as tandem MS with ESI-quadruple ion-
trap (QIT) and MALDI-TOF was done. The primary 
structure was induced by multistage mass spectrometric 
scanning, and the presence of particular functional groups 
and differentiation of isomeric functional groups was 
confirmed.88 

 
Peptide and protein sequence and structure analysis: Mass 

spectroscopy is very useful in the analysis of amino acids 
sequence and structure of peptides and proteins. Firstly, peptides 
are converted to amino alcohols which are evaporative. And these 
amino alcohol derivatives are analyzed in a mass spectrometer 
that aids sequence analysis. Sequencing of underivatized peptides 
by fast atom bombardment MS is also employed. Novel 
techniques like tandem MS and MALDI are also in trend. Some 
examples to support the present application are:  

a) Analysis of peptide sequence was done using gas-phase 
ion/ion chemistry along with tandem MS. And for the 
characterization of the primary structure of proteins, 

quadrupole linear ion trap was combined with chemical 
ionization and electrospray ionization.89  

b) The initial complex structure of RNA polymerase II 
transcription was examined by cross-linking with mass 
spectroscopy. It was used as an analysis tool for multi-
protein complexes.90  

c) Selective detection and sequencing of serine-, tyrosine-, 
and threonine-phosphopeptides was done by ES-MS 
employing a quadrupole mass spectrometer.  

d) An amino acid sequence of peptides from apolipoprotein-
B was discovered by tandem MS. Here, a triple 
quadrupole mass spectrometer with LSI-MS was utilized. 

The achievement of MS in analyzing tiny molecules has 
propelled clinical MS to analyze proteins and peptides for 
diagnostic studies. Recently, a highly focused method (shotgun 
proteomics) has evolved to quantitatively analyze protein. This 
technique generally employ m/z transitions with tandem MS, 
dilute isotopes for normalization, and utilize enzymatic 
degradation of the sample.91 

Endocrinology applications: Inappropriate specificity, the 
hook effect, cross variability, and anti-reagent antibodies are 
some of the properties of immunoassays which greatly affect 
their diagnostic usage. For evaluation of proteins and tiny 
molecules, the antibodies-related detection techniques have 
lowered the innate defects of immunoassays.92 With the 
advancement of MS methods, the study of vitamin D is gaining 
interest. LC-MS/MS technique highlights the epimeric state of 
vitamin D, and isolates vitamin D2 from D3, which was earlier 
not feasible with already existing immunoassays93. Furthermore, 
to diagnose the endocrine diseases at low concentrations, MS 
techniques are mostly recommended rather than steroid 
immunoassays because of their low accuracy, and specificity. 
Also, to enhance the testing of endocrine functioning, the 
application of MS needs high technical experience, competence, 
and skill.94 

Clinical studies: Implementing mass spectroscopy in the 
clinical field results in significant advancements. When the 
analyte quantity is very low, mass spectroscopy because of its 
higher sensitivity is employed.95 In any disease condition, 
changes in excretion and body fluids products can be detected by 
chromatographic instruments such as gas chromatography with 
mass spectroscopy. Also, MALDI-MS is used to directly image 
and analyze pharmaceutical compounds in tissues.96 This 
technique is also used to diagnose and characterize inborn errors 
of organic acidurias. A simplified method was invented for the 
clinical analysis of organic aciduria using GC–MS with a 
quadrupole mass spectrometer. Methylcitric acid, glutaric acid, 
and margaric acid were identified while analyzing the urine 
sample.97 Mass spectroscopy also has applications in clinical 
microbiology. MALDI-TOF MS has been adapted for the 
identification of whole microorganisms directly from cultures in 
urine and blood. This method can accurately identify even those 
bacteria that are difficult by conventional techniques.98 

Toxicology applications: Numerous immunoassay-dependent 
toxicological screening techniques are employed in various 
laboratories. Some clinical laboratories provide complete 
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screening of drugs and confirmatory analysis using GC-MS and 
LC-MS/MS. Screening assays has cutoff sets which offer suitable 
specificity, sensitivity and are qualitative in nature. But rather 
than making a final recognition (like hydromorphone vs 
morphine), these assays are used to recognize a class of 
compounds (like opioids). However, confirmatory analysis is 
quantitative in nature and is done when high sensitivity is 
required. Furthermore, toxic impurities are of great concern 
during research and drug development process.99  For structure 
elucidation of these impurities, mass fingerprinting methods such 
as LC-Multistage MS, LC-MS/TOF, LC-Multistage-TOF, 
capillary electrophoresis-MS are employed.100 And for certain 
isolation, mass-dependent tools are used.  

Metabolites analysis: Determination of different metabolites 
and metabolic pathways of the drug or xenobiotics is important 
to assess its pharmacokinetic parameters.101 Drug metabolic 
reactions are divided into two parts; functionalization reactions 
or Phase I and conjugation reactions or Phase II. Both these 
transformations include changes in molecular weight which can 
be correctly measured by a mass spectrometer. In structural 
characterization, the exchange of labile hydrogen in small 
organic molecules with deuterium (H/D exchange) has been 
widely utilized and it occurs in solution having functional groups 
that have labile hydrogens like -SH, −OH, -COOH, −N(R)H, and 
−NH2. A quadrupole mass spectrometer with FAB, electron 
impact, APCI, thermospray, and ESI systems was used in the 
study. Stable isotope-labeled xenobiotics can facilitate 
metabolite identification and detection by MS, especially when 
the radio-labeled parent drug is unavailable. Custom-designed 
isotopic clusters emerging from a mixture of synthetic and 
naturally enriched isotopes can facilitate the identification and 
detection of metabolites. For instance, the identification and 
detection of ribavirin metabolites present in rats were done with 
the help of a stable isotope-labeled drug. Furthermore, 
metabolomics by MS really helped in newborn screening, leading 
to multiplexed assays for fatty acid oxidation, amino acids, and 
organic acids.102 The LC-MS and tandem LC-MS screening 
techniques offer quick analysis of wide range of compounds. The 
methods employed to magnify throughput are pooling techniques 
(like simple screens, cassette dosing, etc.), automatic data 
processing, and quick chromatography. These MS methods are 
highly helpful in recognizing metabolite as they possess the 
capability to detect and predict the metabolites in complicated 
samples of plasma, urine, and bile.103 

Drug Discovery Applications:  
Drug development and discovery is a time-consuming and 

labor-intensive process104. MS technology is used throughout the 
drug development process and plays a vital role in advancing the 
production of pharmaceuticals. Due to its high selectivity and 
sensitivity, it is widely employed for the analysis of degradation 
and impurities. And when MS is associated with 
chromatographic separation techniques, it becomes a strong 
analytical tool for sample analysis and provides an assessment of 
pharmaceutical compounds. Drug discovery involves instant 
testing of compound design and requires a short duration for 
execution. Typically, many compounds are tested and 

synthesized for each discovery project till a suitable clinical 
compound is selected. Here, analytical chemistry ensures that 
every compound of interest (COI) possesses the correct structure 
and satisfies purity requirements.  

Supercritical fluid chromatography (SFC) associated with MS 
offers a vast range of applications for both preparative and 
analytical fields105, such as achiral and chiral separation and 
mass-directed fragment collection in preparative SFC106,107. 
Some researchers have evaluated more specialized 
methodologies for the separation of chiral compounds and 
structural isomers. They demonstrated that by associating ion 
mobility spectrometry with MS, enantiomers can be insulated in 
the gas phase by using a chiral modifier108. In another study, it 
was depicted that chiral identification and separation of 
enantiomers can be achieved by employing Capillary 
Electrophoresis with Electrospray Ionization MS (CESI-MS)109.  

The quantitation and identification of potential metal 
contamination present in APIs are crucial in drug development. 
ICP-MS is the technique for elemental determination, 
particularly for heavy metals in APIs110. One challenge in 
interpreting the structure of unknown complexes using MS is that 
the non-volatile buffers, which do not react to MS ionization, are 
often compelled to the isolation of COI. In this case, 2D-LC-MS 
can be utilized to overcome this problem and it improves 
chromatographic resolution also.111,112  

During the formulation or development of any drug, the drug 
agents are put through numerous tests under certain stress 
settings like oxidation, reduction, basicity, acidity, light, 
humidity, temperature, etc. For this, LC-MS/MS or LC-MS 
methods are employed for elucidating the elemental structure of 
the degrading compounds by gaining their fragmentation pattern, 
molecular mass, and retention time. Moreover, a structural 
dataset could be created for quick recognition of the degrading 
compounds and to differentiate between the unstable compounds 
within the drug agent.113 
Computationally studying MS: 

Native MS is evidenced as a quick high-throughput technique 
to screen various structures114,115 and study different pH-
dependent conformational alterations,116 mainly transmembrane 
β-barrels117 and protein-logic gates.118 The software to study 
native MS can be of 2 types: 

1. help in deconvolution. It can be both non-commercial 
(iFAMS and UniDec)119 and commercial (BioPharma 
Finder and Intact Mass).120 Both these can couple with the 
automatic running of the sample and possess an ability to 
convert in a high-throughput technique. 

2. help in data interpretation of ion mobility 
Associating experimental with theoretical collision cross-

section can compare different structures and models121. The most 
basic method is projection approximation, which is implemented 
in various forms like Ion Mobility Projection Approximation 
Calculation Tool, which can calculate collision cross-section 
from small-angle X-ray scattering, NMR spectroscopy, electron 
microscopy, and X-ray crystallography data. Another technique 
that works on a similar theory is the projection super 
approximation method. Apart from calculating collision cross-



K. Saini et. al. 
 

 
Journal of Molecular Chemistry                        2023, 3(1), 584           Page 9 of 12 

section, it also determines size and shape effects. Next is the 
trajectory technique which considers the ion to be a group of 
atoms. It reports multiple collisions, distant interactions, and 
collisions of buffer gas and the ion. Based on the trajectory 
technique, Collidoscope is been implemented for computing 
collision cross-sections. It possesses advanced algorithms for 
quick analysis.122 Various other tools to study the protein-
complex interactions, unfolding, and stability have been 
developed.123 In a study, the interaction of 16 heterodimers was 
studied using ion exchange chromatography integrated with 
native MS.124 The development of charge detection MS is also 
useful in characterizing multimeric complexes.125 

CONCLUSION 
Mass spectrometry (MS) has played a pivotal role in 

advancing the field of life sciences and bio-analytical 
approaches. In recent years, the use of MS for structural 
elucidation has become increasingly important, and it has led to 
significant developments in the field. These developments have 
not only improved the accuracy and precision of biomolecule 
identification and quantification but also enabled the analysis of 
increasingly complex samples. 

One of the most critical advancements in MS has been the 
improvement of mass resolving power, mass accuracy, isotopic 
abundance accuracy, and accurate mass multiple-stage MS (n) 
capability. With these improvements, MS has enabled 
researchers to achieve better accuracy and precision in 
identifying and quantifying biomolecules, thereby contributing to 
a better understanding of their structure and function. 
Furthermore, the development of hardware and informatics tools 
for MS has led to more efficient and accurate data acquisition and 
processing methods, which has further increased the speed and 
sensitivity of MS. 

MS techniques, such as IMS, high-resolution FT-ICR MS, and 
DIA methods, have enabled the identification and 
characterization of complex biomolecules and their interactions 
in greater detail. IMS, for instance, can separate isomeric 
compounds, while FT-ICR MS can detect trace impurities in 
complex samples. DIA methods also enable the identification and 
quantification of low-abundance proteins, which are often missed 
in DDA experiments. These techniques, coupled with 
advancements in hardware and informatics tools, have greatly 
enhanced the capabilities of MS. 

Moreover, the integration of MS with other analytical 
techniques, such as chromatography, NMR, and X-ray 
crystallography, has further expanded the range of applications 
for MS in the structural analysis of biomolecules. Such 
integration has enabled researchers to achieve a deeper 
understanding of the interactions between biomolecules and their 
functions. 

Overall, the ongoing advancements in MS technology are 
expected to continue to expand its applications and impact in 
various fields. These advancements will enable the analysis of 
even more complex samples, leading to a better understanding of 
the structure and function of biomolecules. Additionally, the 
integration of MS with other analytical techniques will facilitate 

the characterization of biomolecular interactions and contribute 
to the development of new therapeutics. Thus, the future of MS 
in life sciences and bio-analytical approaches is promising, and it 
is expected to remain a valuable tool for many years to come. 

CONFLICT OF INTEREST 
Authors declare no conflict of interest is there for publication 

of this article. 

AUTHORS BIOGRAPHIES 
Smriti Sharma ORCID Id: 0000-0003-0023-2162 

REFERENCES AND NOTES 
1.  Y. Qi, D.A. Volmer. Chemical diversity of lignin degradation products 

revealed by matrix-optimized MALDI mass spectrometry. Anal. 
Bioanal. Chem. 2019, 411 (23), 6031–6037. 

2.  K.F. Geoghegan, M.A. Kelly. Biochemical applications of mass 
spectrometry in pharmaceutical drug discovery. Mass Spectrom. Rev. 
2005, 24 (3), 347–366. 

3.  U.S. Baghel, A. Singh, D. Singh, M. Sinha. Application of Mass 
Spectroscopy in Pharmaceutical and Biomedical Analysis. In 
Spectroscopic Analyses - Developments and Applications; 2017; pp 
105–121. 

4.  R.A.J. O’Hair. Chemical Ionization Mass Spectrometry: 50 Years on. 
J. Am. Soc. Mass Spectrom. 2016, 27 (11), 1787–1788. 

5.  A.E. Zarvin, V. V. Kalyada, V.E. Khudozhitkov. Features of 
molecular-beam mass spectrometry registration of clusters in 
underexpanded supersonic jets. Thermophys. Aeromechanics 2017, 24 
(5), 671–681. 

6.  Syagen. Photoionization ( APPI ) for LC – MS : Analysis of Lipids. In 
The Application Notebook; 2005; p 29. 

7.  S. Banerjee, S. Mazumdar. Electrospray Ionization Mass 
Spectrometry: A Technique to Access the Information beyond the 
Molecular Weight of the Analyte. Int. J. Anal. Chem. 2012, 2012, 1–
40. 

8.  S.C. Wilschefski, M.R. Baxter. Inductively Coupled Plasma Mass 
Spectrometry: Introduction to Analytical Aspects. Clin. Biochem. Rev. 
2019, 40 (3), 115–133. 

9.  R. Ait-Belkacem, M. Dilillo, D. Pellegrini, et al. In-Source Decay and 
Pseudo-MS3 of Peptide and Protein Ions Using Liquid AP-MALDI. J. 
Am. Soc. Mass Spectrom. 2016, 27 (12), 2075–2079. 

10.  M. Merchant, S.R. Weinberger. Recent advancements in surface-
enhanced laser desorption/ionization-time of flight-mass spectrometry. 
Electrophoresis 2000, 21 (6), 1164–1177. 

11.  L.A. Leuthold, J.F. Mandscheff, M. Fathi, et al. Direct ambient 
analysis of pharmaceutical and ecstasy tablets. Chimia (Aarau). 2006, 
60 (4), 190–194. 

12.  Mikaye. Mass Spectrometry. Wikimedia Commons. 2013. 
https://commons.wikimedia.org/wiki/File:Maldi.svg 

13.  E.M. Schmidt, M.A. Pudenzi, J.M. Santos, et al. Petroleomics: Via 
Orbitrap mass spectrometry with resolving power above 1=000=000 at 
m / z 200. RSC Adv. 2018, 8 (11), 6183–6191. 

14.  Y. Chen. Structure Elucidation of Anthraquinone dyes by using 
Electrospray Quadrupole – Time-Of-Flight tandem Mass 
Spectrometry, 2015. 

15.  K.K. Murray. Schematic TOF-MS. Wikimedia Commons. 2017. 
https://commons.wikimedia.org/wiki/File:TOF-MS_schematic.gif 

16.  K.W. Lee, G.S. Eakins, M.S. Carlsen, S.A. McLuckey. Ion trap 
operational modes for ion/ion reactions yielding high mass-to-charge 
product ions. Int. J. Mass Spectrom. 2020, 451, 1–15. 

17.  Q. Wu, M. V. Gorshkov, L. Paša-Tolić. Towards increasing the 
performance of FTICR-MS with signal detection at frequency 
multiples: Signal theory and numerical study; 2021; Vol. 469. 



K. Saini et. al. 
 

 
Journal of Molecular Chemistry                        2023, 3(1), 584           Page 10 of 12 

18.  K.K. Murray, R.K. Boyd, M.N. Eberlin, et al. Definitions of terms 
relating to mass spectrometry (IUPAC Recommendations 2013). Pure 
Appl. Chem. 2013, 85 (7), 1515–1609. 

19.  A.J.B. Robertson. Recommendations for Nomenclature of Mass 
Spectrometry. Pure Appl. Chem. 1978, 37 (4), 469–480. 

20.  K. Varmuza, P. Penchev, F. Stancl, W. Werther. Systematic structure 
elucidation of organic compounds by mass spectra classification. J. 
Mol. Struct. 1997, 408, 91–96. 

21.  J.A. Yergey. A general approach to calculating isotopic distributions 
for mass spectrometry. J. Mass Spectrom. 2020, 1–8. 

22.  J.H. Gross. Isotopes. In Mass Spectrometry; 2004; pp 67–110. 
23.  F.W. McLafferty, F. Turecek. Interpretation of Mass Spectra. Biol. 

Mass Spectrom. 1993, 23 (4), 379. 
24.  H. Budzikiewicz, C. Djerassi, D.H. Williams. Mass Spectrometry of 

Organic Compounds; 1968; Vol. 57. 
25.  J.R. Chapman. Practical Organic Mass Spectrometry. A Guide of 

Chemical and Biochemical Analysis. Org. Mass Spectrom. 1994, 29, 
92–94. 

26.  M. Holčapek, R. Jirásko, M. Lísa. Basic rules for the interpretation of 
atmospheric pressure ionization mass spectra of small molecules. J. 
Chromatogr. A 2010, 1217 (25), 3908–3921. 

27.  K.K. Murray. Theoretical molecular ion distribution of the polypeptide 
glucagon. 

28.  T.O. Nicolescu. Interpretation of Mass Spectra. In Mass Spectrometry; 
2017; pp 23–78. 

29.  F. Pu, N.L. Elsen, J.D. Williams. Emerging Chromatography-Free 
High-Throughput Mass Spectrometry Technologies for Generating 
Hits and Leads. ACS Med. Chem. Lett. 2020, 11 (11), 2108–2113. 

30.  A.P. Bowman, G.T. Blakney, C.L. Hendrickson, et al. Ultra-High 
Mass Resolving Power, Mass Accuracy, and Dynamic Range MALDI 
Mass Spectrometry Imaging by 21-T FT-ICR MS. Anal. Chem. 2020, 
92 (4), 3133–3142. 

31.  J.A. Paulo, D.K. Schweppe. Advances in quantitative high‐
throughput phosphoproteomics with sample multiplexing. Proteomics. 
Proteomics. 2021, Accepted, 6. 

32.  M.P. Balogh. MS IN PRACTICE Debating Resolution and Mass 
Accuracy. LC GC Eur. 2004, 17 (3), 152–160. 

33.  M. Kellmann, H. Muenster, P. Zomer, H. Mol. Full Scan MS in 
Comprehensive Qualitative and Quantitative Residue Analysis in Food 
and Feed Matrices: How Much Resolving Power is Required? J. Am. 
Soc. Mass Spectrom. 2009, 20 (8), 1464–1476. 

34.  U. Berger, M. Haukås. Validation of a screening method based on 
liquid chromatography coupled to high-resolution mass spectrometry 
for analysis of perfluoroalkylated substances in biota. J. Chromatogr. 
A 2005, 1081 (2), 210–217. 

35.  I. Ferrer, E.M. Thurman. Multi-residue method for the analysis of 101 
pesticides and their degradates in food and water samples by liquid 
chromatography/time-of-flight mass spectrometry. J. Chromatogr. A 
2007, 1175 (1), 24–37. 

36.  Y. Qi, P. Fu, D.A. Volmer. Analysis of natural organic matter via 
fourier transform ion cyclotron resonance mass spectrometry: an 
overview of recent non-petroleum applications. Mass Spectrom. Rev. 
2020, 1–15. 

37.  A.G. Shard, R. Havelund, M.P. Seah, et al. Argon cluster ion beams 
for organic depth profiling: Results from a VAMAS interlaboratory 
study. Anal. Chem. 2012, 84 (18), 7865–7873. 

38.  S. Muramoto, D. Rading, B. Bush, G. Gillen, D.G. Castner. Low-
temperature plasma for compositional depth profiling of crosslinking 
organic multilayers: Comparison with C60 and giant argon gas cluster 
sources. Rapid Commun. Mass Spectrom. 2014, 28 (18), 1971–1978. 

39.  D. MacIążek, M. Kański, Z. Postawa. Intuitive Model of Surface 
Modification Induced by Cluster Ion Beams. Anal. Chem. 2020, 92 
(10), 7349–7353. 

40.  D. Weibel, S. Wong, N. Lockyer, et al. A C60 primary ion beam 
system for time of flight secondary ion mass spectrometry: Its 
development and secondary ion yield characteristics. Anal. Chem. 
2003, 75 (7), 1754–1764. 

41.  S. Oshima, I. Kashihara, K. Moritani, N. Inui, K. Mochiji. Soft-
sputtering of insulin films in argon-cluster secondary ion mass 
spectrometry. Rapid Commun. Mass Spectrom. 2011, 25 (8), 1070–
1074. 

42.  R.J. Paruch, B.J. Garrison, Z. Postawa. Computed Molecular Depth 
Profile for C60 Bombardment of a Molecular solid. Anal. Chem. 2013, 
85 (23), 11628–11633. 

43.  J.G. Son. Ar-gas cluster ion beam in ToF-SIMS for peptide and protein 
analysis Ar-gas cluster ion beam in ToF-SIMS for peptide and protein 
analysis. 2020, 021011 (March). 

44.  H.K. Shon, S. Yoon, J.H. Moon, T.G. Lee. Improved mass resolution 
and mass accuracy in TOF-SIMS spectra and images using argon gas 
cluster ion beams. Biointerphases 2016, 11 (2), 02A321. 

45.  Q.P. Vanbellingen, N. Elie, M.J. Eller, et al. Time-of-flight secondary 
ion mass spectrometry imaging of biological samples with delayed 
extraction for high mass and high spatial resolutions. Rapid Commun. 
Mass Spectrom. 2015, 29 (13), 1187–1195. 

46.  S. Li, X. Wang, Z. Li, et al. Research progress of single molecule force 
spectroscopy technology based on atomic force microscopy in polymer 
materials: Structure, design strategy and probe modification. Nano Sel. 
2021. 

47.  A.R. Buchberger, K. DeLaney, J. Johnson, L. Li. Mass Spectrometry 
Imaging: A Review of Emerging Advancements and Future Insights. 
Anal. Chem. 2018, 90 (1), 240–265. 

48.  Y. Xiao, J. Deng, Y. Yao, et al. Recent advances of ambient mass 
spectrometry imaging for biological tissues: A review. Anal. Chim. 
Acta 2020, 1117, 74–88. 

49.  M. Ekelöf, J. Dodds, S. Khodjaniyazova, et al. Coupling IR-
MALDESI with Drift Tube Ion Mobility-Mass Spectrometry for High-
Throughput Screening and Imaging Applications. J. Am. Soc. Mass 
Spectrom. 2020, 31 (3), 642–650. 

50.  H. Yue, F. He, Z. Zhao, Y. Duan. Plasma-based ambient mass 
spectrometry: Recent progress and applications. Mass Spectrom. Rev. 
2023, 42 (1), 95–130. 

51.  L. Dayon, M. Affolter. Progress and pitfalls of using isobaric mass tags 
for proteome profiling. Expert Rev. Proteomics 2020, 17 (2), 149–161. 

52.  G.L. Glish, R.W. Vachet. The basics of mass spectrometry in the 
twenty-first century. Nat. Rev. Drug Discov. 2003, 2 (2), 140–150. 

53.  A.O. Nier. A mass spectrometer for routine isotope abundance 
measurements. Rev. Sci. Instrum. 1940, 11 (7), 212–216. 

54.  W. Meier-Augenstein. Use of gas chromatography-combustion-
isotope ratio mass spectrometry in nutrition and metabolic research. 
Curr. Opin. Clin. Nutr. Metab. Care 1999, 2 (6), 465–470. 

55.  A.. Bauska, T. K., Brook, E. J., Mix, A. C., and Ross. High-precision 
dual-inlet IRMS measurements of the stable isotopes of CO2 and the 
N2O / CO2 ratio from polar ice core samples,. Atmos. Meas. Tech. 
2014, 7, 3825–3837. 

56.  High-precision continuous-flow isotope ratio mass spectrometry. Mass 
Spectrom. Rev. 1997, 16 (6), 227. 

57.  Cepheiden. Mass Spectrometer Schematic 
https://patents.google.com/patent/US2976413A/en. 

58.  K.I.J. Qiu Y. High Accurate Mass Gas Chromatography–Mass 
Spectrometry for Performing Isotopic Ratio Outlier Analysis: 
Applications for Nonannotated Metabolite Detection. In Wood P.L. 
(eds) Metabolomics. Neuromethods; 2021; Vol. 159, p 6. 

59.  E. Defossez, J. Bourquin, S. von Reuss, S. Rasmann, G. Glauser. Eight 
key rules for successful data-dependent acquisition in mass 
spectrometry-based metabolomics. Mass Spectrom. Rev. 2023, 42 (1), 
131–143. 

60.  D.R. Letourneau, D.A. Volmer. Mass spectrometry-based methods for 
the advanced characterization and structural analysis of lignin: A 
review. Mass Spectrom. Rev. 2023, 42 (1), 144–188. 

61.  Z. Liu, C. Zheng, T. Zhang, et al. High-precision methane isotopic 
abundance analysis using near-infrared absorption spectroscopy at 100 
Torr. Analyst 2021. 



K. Saini et. al. 
 

 
Journal of Molecular Chemistry                        2023, 3(1), 584           Page 11 of 12 

62.  Y. Amelin, R. Merle. Isotopic analysis of potassium by total 
evaporation and incipient emission thermal ionisation mass 
spectrometry. Chem. Geol. 2021, 559, 119976. 

63.  K. Liu, R. Zhou, W. Zhang, et al. Determination of boron in aqueous 
solution using a method combining laser ablation molecular isotopic 
spectrometry with molecular laser-induced fluorescence and isotopic 
dilution. J. Anal. At. Spectrom. 2021. 

64.  J.O. Kafader, R.D. Melani, M.W. Senko, et al. Measurement of 
Individual Ions Sharply Increases the Resolution of Orbitrap Mass 
Spectra of Proteins. Anal. Chem. 2019, 91 (4), 2776–2783. 

65.  J.O. Kafader, R.D. Melani, K.R. Durbin, et al. Multiplexed Mass 
Spectrometry of Individual Ions Improves Measurement of 
Proteoforms and Their Complexes. Nat Methods 2020, 17 (4), 391–
394. 

66.  Q. Wu. Multistage Accurate Mass Spectrometry: A “Basket in a 
Basket” Approach for Structure Elucidation and Its Application to a 
Compound from Combinatorial Synthesis. Anal. Chem. 1998, 70 (5), 
865–872. 

67.  K. Saini, S. Sharma, V. Bhatia, Y. Khan. Dietary Polyphenolics : Role 
in control management of Diabetes and Metabolic Syndrome. Chem. 
Biol. Lett. 2023, 10 (3), 1–16. 

68.  D. Chen, E.N. McCool, Z. Yang, et al. Recent advances (2019–2021) 
of capillary electrophoresis-mass spectrometry for multilevel 
proteomics. Mass Spectrom. Rev. 2023, 42, 617–642. 

69.  C. Seger, S. Sturm. Analytical aspects of plant metabolite profiling 
platforms: Current standings and future aims. J. Proteome Res. 2007, 
6 (2), 480–497. 

70.  S. Safer, S.S. Cicek, V. Pieri, et al. Metabolic fingerprinting of 
Leontopodium species (Asteraceae) by means of 1H NMR and HPLC-
ESI-MS. Phytochemistry 2011, 72 (11), 1379–1389. 

71.  R.A. Shellie, P.J. Marriott. Comprehensive two-dimensional gas 
chromatography-mass spectrometry analysis of Pelargonium 
graveolens essential oil using rapid scanning quadrupole mass 
spectrometry. Analyst 2003, 128 (7), 879–883. 

72.  T. Arun, B. Senthilkumar, A. Aarthy, D. Senbagam, M. Sureshkumar. 
Phytochemical screening, gas chromatography-mass spectrometry 
(GC-MS) analysis of phytochemical constituents and anti-bacterial 
activity of Aerva lanata (L.) leaves. African J. Pharm. Pharmacol. 
2014, 8 (5), 126–135. 

73.  R. Simons, J.P. Vincken, M.C. Bohin, et al. Identification of prenylated 
pterocarpans and other isoflavonoids in Rhizopus spp. elicited soya 
bean seedlings by electrospray ionisation mass spectrometry. Rapid 
Commun. Mass Spectrom. 2011, 25 (1), 55–65. 

74.  B. Kafle, J.P.A. Baak, C.B. Id. Major bioactive chemical compounds 
in Astragali Radix samples from different vendors vary greatly. PLoS 
One 2021, 16 (7), 1–13. 

75.  R. Fan, N. Li, X. Jiang, F. Yuan, Y. Gao. HPLC–DAD–MS/MS 
identification and HPLC–ABTS·+ on-line antioxidant activity 
evaluation of bioactive compounds in liquorice (Glycyrrhiza uralensis 
Fisch.) extract. Eur. Food Res. Technol. 2014, 240 (5), 1035–1048. 

76.  N. Fang, S. Yu, R.L. Prior. LC/MS/MS Characterization of Phenolic 
Constituents in Dried Plums. J. Agric. Food Chem. 2002, 50, 3579–
3585. 

77.  R. Simons, J.-P. Vincken, E.J. Bakx, M.A. Verbruggen, H. Gruppen. 
A rapid screening method for prenylated flavonoids with ultra-high-
performance liquid chromatography/ electrospray ionisation mass 
spectrometry in licorice root extracts. Rapid Commun. Mass Spectrom. 
2009, 23, 3083–3093. 

78.  J. Ermer. The use of hyphenated LC-MS technique for characterisation 
of impurity profiles during drug development. J. Pharm. Biomed. Anal. 
1998, 18, 707–714. 

79.  L. Zhou, B. Mao, R. Reamer, T. Novak, Z. Ge. Impurity profile 
tracking for active pharmaceutical ingredients: Case reports. J. Pharm. 
Biomed. Anal. 2007, 44 (2), 421–429. 

80.  J.J.A. van Kampen, P.C. Burgers, R. de Groot, T.M. Luider. 
Qualitative and quantitative analysis of pharmaceutical compounds by 

MALDI-TOF mass spectrometry. Anal. Chem. 2006, 78 (15), 5403–
5411. 

81.  J.L. Poklis, A.J. Mohs, C.E. Wolf, A. Poklis, M.R. Peace. 
Identification of drugs in parenteral pharmaceutical preparations from 
a quality assurance and a diversion program by direct analysis in real-
time AccuTOFTM-mass spectrometry (DART-MS). J. Anal. Toxicol. 
2016, 40 (8), 608–616. 

82.  C.T. McDowell, X. Lu, A.S. Mehta, P.M. Angel, R.R. Drake. 
Applications and continued evolution of glycan imaging mass 
spectrometry. Mass Spectrom. Rev. 2023, 42, 674–705. 

83.  E. Deschamps, V. Calabrese, I. Schmitz, et al. Advances in Ultra-High-
Resolution Mass Spectrometry for Pharmaceutical Analysis. 
Molecules 2023, 28, 1–32. 

84.  A.M.A. Verweij, M.L. Hordijk, P.J.L. Lipman. Liquid 
chromatographic-thermospray tandem mass spectrometric quantitative 
analysis of some drugs with hypnotic, sedative and tranquillising 
properties in whole blood. J. Chromatogr. B. 1996, 686 (1), 27–34. 

85.  J. Zaia. Glycosaminoglycan glycomics using mass spectrometry. Mol. 
Cell. Proteomics 2013, 12 (4), 885–892. 

86.  D. Ji, I. Sims, M. Xu, I. Stewart, D. Agyei. Production and 
identification of galacto-oligosaccharides from lactose using β-D-
galactosidases from Lactobacillus leichmannii 313. Carbohydr. 
Polym. Technol. Appl. 2021, 2, 1–8. 

87.  L. Coulier, J. Timmermans, B. Richard, et al. In-depth characterization 
of prebiotic galactooligosaccharides by a combination of analytical 
techniques. J. Agric. Food Chem. 2009, 57 (18), 8488–8495. 

88.  K.M. Wollyung, C. Wesdemiotis, A. Nagy, J.P. Kennedy. Synthesis 
and mass spectrometry characterization of centrally and terminally 
amine-functionalized polyisobutylenes. J. Polym. Sci. 2005, 43 (5), 
946–958. 

89.  D.F. Hunt, J. Shabanowitz, D.L. Bai. Peptide sequence analysis by 
electron transfer dissociation mass spectrometry: A web-based tutorial. 
J. Am. Soc. Mass Spectrom. 2015, 26 (7), 1256–1258. 

90.  Z.A. Chen, A. Jawhari, L. Fischer, et al. Architecture of the RNA 
polymerase II-TFIIF complex revealed by cross-linking and mass 
spectrometry. EMBO J. 2010, 29 (4), 717–726. 

91.  E.J. Dupree, M. Jayathirtha, H. Yorkey, et al. A Critical Review of 
Bottom-Up Proteomics : The Good , the Bad , and the Future of This 
Field. Proteomes 2020, 8, 1–26. 

92.  S. Sequeira. An overview on interference in clinical immunoassays: A 
cause for concern. Hamdan Med. J. 2019, 12 (4), 158–164. 

93.  Y. Lin, H. Lee, S. Tseng, et al. Quantitation of serum 25 ( OH ) D2 and 
25 ( OH ) D3 concentrations by liquid chromatography tandem mass 
spectrometry in patients with diabetes mellitus. J. Food Drug Anal. 
2019, 27 (2), 510–517. 

94.  V. Braun, H. Stuppner, C. Seger. Non-Steroidal Drug Interferences in 
a Quantitative Multisteroid LC-MS/MS Assay. Cells 2023, 12, 1–9. 

95.  F.G. Strathmann, A.N. Hoofnagle. Current and future applications of 
mass spectrometry to the clinical laboratory. Am. J. Clin. Pathol. 2011, 
136 (4), 609–616. 

96.  M.L. Reyzer, Y. Hsieh, K. Ng, W.A. Korfmacher, R.M. Caprioli. 
Direct analysis of drug candidates in tissue by matrix-assisted laser 
desorption/ionization mass spectrometry. J. Mass Spectrom. 2003, 38 
(10), 1081–1092. 

97.  K. Nakagawa, S. Kawana, Y. Hasegawa, S. Yamaguchi. Simplified 
method for the chemical diagnosis of organic aciduria using GC/MS. 
J. Chromatogr. B 2010, 878 (13), 942–948. 

98.  S.F. Mitsuma, M.K. Mansour, J.P. Dekker, et al. Promising new assays 
and technologies for the diagnosis and management of infectious 
diseases. Clin. Infect. Dis. 2013, 56 (7), 996–1002. 

99.  K. Saini, S. Sharma. Use of Tyrosine Kinase Inhibitors for treating 
Type 2 Diabetes Mellitus: An appraisal. Chem. Biol. Lett. 2022, 9 (3), 
1–12. 

100.  I. Parmar, H. Rathod, S. Shaik. A Review: Recent Trends in Analytical 
Techniques for Characterization and Structure Elucidation of 
Impurities in the Drug Substance. Indian J Pharm Sci 2021, 83 (3), 
402–415. 



K. Saini et. al. 
 

 
Journal of Molecular Chemistry                        2023, 3(1), 584           Page 12 of 12 

101.  K. Saini, S. Sharma, Y. Khan. DPP-4 inhibitors for treating T2DM - 
hype or hope ? an analysis based on the current literature. Front. Mol. 
Biosci. 2023, 4, 1–19. 

102.  A. Maguolo, G. Rodella, A. Dianin, et al. Diagnosis , genetic 
characterization and clinical follow up of mitochondrial fatty acid 
oxidation disorders in the new era of expanded newborn screening : A 
single centre experience. Mol. Genet. Metab. Reports 2020, 24, 1–9. 

103.  A.B. Attygalle, F.B. Jariwala, J. Pavlov, et al. Direct detection and 
identification of active pharmaceutical ingredients in intact tablets by 
helium plasma ionization (HePI) mass spectrometry. J. Pharm. Anal. 
2014, 4 (3), 166–172. 

104.  K. Saini, S. Sharma, V. Bhatia. Drug Repurposing and Computational 
Drug Discovery for Diabetes. In Futuristic Trends in Biotechnology; 
2022; pp 103–130. 

105.  L. Kott. An overview of supercritical fluid chromatography mass 
spectrometry (SFC-MS) in the pharmaceutical industry. Am. Pharm. 
Rev. 2013, 16 (1). 

106.  T. Wang, M. Barber, I. Hardt, D.B. Kassel. Mass-directed fractionation 
and isolation of pharmaceutical compounds by packed-column 
supercritical fluid chromatography/mass spectrometry. Rapid 
Commun. Mass Spectrom. 2001, 15 (22), 2067–2075. 

107.  L.T. Taylor. Supercritical fluid chromatography for the 21st century. 
J. Supercrit. Fluids 2009, 47 (3), 566–573. 

108.  P. Dwivedi, C. Wu, L.M. Matz, et al. Gas-phase chiral separations by 
ion mobility spectrometry. Anal. Chem. 2006, 78 (24), 8200–8206. 

109.  S. Rudaz, L. Geiser, S. Souverain, J. Prat, J.L. Veuthey. Rapid 
stereoselective separations of amphetamine derivatives with highly 
sulfated γ-cyclodextrin. Electrophoresis 2005, 26 (20), 3910–3920. 

110.  N. Lewen, S. Mathew, M. Schenkenberger, T. Raglione. A rapid ICP-
MS screen for heavy metals in pharmaceutical compounds. J. Pharm. 
Biomed. Anal. 2004, 35 (4), 739–752. 

111.  Y. Li, C. Gu, J. Gruenhagen, et al. A size exclusion-reversed phase two 
dimensional-liquid chromatography methodology for stability and 
small molecule related species in antibody drug conjugates. J. 
Chromatogr. A 2015, 1393, 81–88. 

112.  R. Pascoe, J.P. Foley, A.I. Gusev. Reduction in matrix-related signal 
suppression effects in electrospray ionization mass spectrometry using 
on-line two-dimensional liquid chromatography. Anal. Chem. 2001, 73 
(24), 6014–6023. 

113.  V.K. Gupta, R. Jain, S. Sharma, S. Agarwal, A. Dwivedi. Quantitative 
determination of alendronate in human urine. Int. J. Electrochem. Sci. 
2012, 7 (1), 569–587. 

114.  Z.L. Vanaernum, F. Busch, B.J. Jones, et al. Rapid Online Buffer 
Exchange for Screening of Proteins, Protein Complexes, and Cell 
Lysates by Native Mass Spectrometry. Nat Protoc 2020, 15 (3), 1132–
1157. 

115.  M.E. Dueñas, R.E. Peltier‐Heap, M . Leveridge, et al. Advances in 
high‐throughput mass spectrometry in drug discovery. EMBO Mol. 
Med. 2023, 15 (1), 1–15. 

116.  S.E. Boyken, M.A. Benhaim, F. Busch, et al. De novo design of 
tunable, pH-driven conformational changes. Science (80-. ). 2019, 364 
(6441), 658–664. 

117.  A.A. Vorobieva, P. White, B. Liang, et al. De novo design of 
transmembrane β-barrels. Science (80-. ). 2021, 371 (6531), 1–25. 

118.  Z. Chen, R.D. Kibler, A. Hunt, et al. De novo design of protein logic 
gates. Science (80-. ). 2020, 368 (6486), 78–84. 

119.  D.J. Reid, J.M. Diesing, M.A. Miller, et al. MetaUniDec: High-
throughput Deconvolution of Native Mass Spectra. J Am Soc Mass 
Spectrom 2019, 30 (1), 118–127. 

120.  M. Bern, T. Caval, Y.J. Kil, et al. Parsimonious Charge Deconvolution 
for Native Mass Spectrometry. J. Proteome Res. 2018, 17 (3), 1216–
1226. 

121.  J.W. McCabe, Christopher S. Mallis, K.I. Kocurek, et al. First-
Principles Collision Cross Section Measurements of Large Proteins 
and Protein Complexes. Anal Chem 2020, 91 (16), 11155–11163. 

122.  S.A. Ewing, M.T. Donor, J.W. Wilson, J.S. Prell. Collidoscope: An 
Improved Tool for Computing Collisional Cross-Sections with the 
Trajectory Method. J. Am. Soc. Mass Spectrom. 2017, 28 (4), 587–596. 

123.  L.G. Migas, A.P. France, B. Bellina, P.E. Barran. ORIGAMI: A 
software suite for activated ion mobility mass spectrometry (aIM-MS) 
applied to multimeric protein assemblies. Int. J. Mass Spectrom. 2018, 
427, 20–28. 

124.  Z. Chen, S.E. Boyken, M. Jia, et al. Programmable design of 
orthogonal protein heterodimers. Nature 2019, 565 (7737), 106–111. 

125.  Z. Zhao, J.C.Y. Wang, M. Zhang, et al. Asymmetrizing an icosahedral 
virus capsid by hierarchical assembly of subunits with designed 
asymmetry. Nat. Commun. 2021, 12 (1), 1–10. 

 
 
 


	Introduction
	Applications of MS:
	Biomedical Applications
	Conclusion
	Conflict of Interest
	Authors Biographies
	References and notes

