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ABSTRACT 

With the invention of electrospray ionisation (ESI), 

a simple and robust interface, liquid 

chromatography-mass spectrometry (LC-MS) has 

become a common technique. It may be used to 

analyse a wide range of biological molecules, and 

the use of tandem mass spectrometry and stable 

isotope internal standards allows for the 

development of very sensitive and precise assays, 

however some method optimization is required to 

reduce the effects of ion suppression Fast scanning 

speeds provide for a high degree of multiplexing, 

allowing for the measurement of several substances 

in a single analytical run. With the development of 

more economical and reliable instruments, LC-MS 

is beginning to compete with traditional liquid 

chromatography and other techniques such as 

immunoassay in numerous areas of clinical 

biochemistry. 

KEYWORDS: Liquid Chromatography, Tandem-

mass spectrometry 

 

LIQUID CHROMATOGRAPHY 

 Liquid chromatography is a method used 

to split a pattern into its character parts. This 

separation takes place primarily based totally at the 

interactions of the pattern with the cellular and 

desk bound stages.(1) Because there are numerous 

desks bound/cellular segment combos that may be 

hired while keeping apart an aggregate, there are 

numerous distinctive varieties of chromatography 

which can be categorized primarily based totally at 

the bodily states of these stages. (2) Liquid-strong 

column chromatography, the maximum famous 

chromatography method and the only mentioned 

here, capabilities a liquid cellular segment which 

slowly filters down thru the strong desk bound 

segment, bringing the separated additives with 

it.(3) 

 

 

General Scheme 

 Components inside an aggregate are 

separated in a column primarily based totally on 

every element's affinity for the cellular segment.(4) 

So, if the additives are of various polarities and a 

cellular segment of an awesome polarity is 

surpassed through the column, one element will 

migrate thru the column quicker than the opposite. 

(5) Because molecules of the equal compound will 

usually flow in companies, the compounds are 

separated into awesome bands within side the 

column. If the additives being separated are 

coloured, their corresponding bands may be visible. 

Otherwise as in excessive overall performance 

liquid chromatography (HPLC), the presence of the 

bands is detected the use of different instrumental 

evaluation strategies including UV-VIS 

spectroscopy.(6)  The following discern indicates 

the migration of additives inside an aggregate: In 

the primary step, the aggregate of additives sits 

atop the moist column. As the cellular segment 

passes thru the column, the 2 additives start to 

separate into bands. In this instance, the purple 

element has a more potent affinity for the cellular 

segment even as the blue element stays surprisingly 

constant within side the desk bound segment. (7)  

As every element is eluted from the column, every 

may be accumulated one after the other and 

analysed with the aid of using something technique 

is favoured.(8)  The relative polarities of those 

compounds are decided primarily based totally at 

the polarities of the desk bound and cellular stages. 

If this test had been carried out as ordinary segment 

chromatography, the purple element could be much 

less polar than the blue element.(9)  On the 

opposite hand, this end result yielded from opposite 

segment chromatography could display that the 

purple element is extra polar than the blue 

element.(10) 
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History of Liquid Chromatography 

The first acknowledged chromatography is 

historically attributed to Russian botanist Mikhail 

Tswett who used columns of calcium carbonate to 

split plant compounds in the course of his studies 

of chlorophyll. (11)This passed off within side the 

20th century (1901). Further improvement of 

chromatography passed off while the Nobel Prize 

changed into offered to Archer John Porter Martin 

and Richard Laurence Millington Synge in 1952. 

(12) They had been capable of set up the 

fundamentals of partition chromatography and 

additionally increase Plate principle. (13) 

 

Column Chromatography  

The desk bound segment in column 

chromatography is maximum usually a great 

adsorbent strong; a strong this is Capin a position 

maintains onto fuel line or liquid debris on its outer 

floor. The column usually utilized in column 

chromatography appears much like a Pasteur 

pipette (Pasteur pipettes are used as columns in 

small scale column chromatography).(14) The 

slender go out of the column is first plugged with 

glass wool or a porous plate that allows you to aid 

the column packing fabric and hold it from 

escaping the tube. Then the adsorbent strong 

(typically silica) is tightly packed into the glass 

tube to make the keeping apart column. (15)The 

packing of the desk bound segment into the glass 

column need to be carried out cautiously to create a 

uniform distribution of fabric. A uniform 

distribution of adsorbent is critical to decrease the 

presence of air bubbles and/or channels within side 

the column.(16) To end making ready the column, 

the solvent for use because the cellular segment is 

surpassed thru the dry column. Then the column is 

stated to be "wetted" and the column needs to 

continue to be moist in the course of the complete 

test. Once the column is effectively organized, the 

pattern to be separated is located on the pinnacle of 

the moist column. A photograph of a packed 

keeping apart column may be determined within 

side the hyperlinks. (17) 

 

 Components 

 Chromatography is powerful due to the 

fact distinctive additives inside an aggregate are 

drawn to the adsorbent floor of the desk bound 

segment with various tiers relying on every 

additive's polarity and its particular structural 

characteristics, and additionally its interplay with 

the cellular segment.(18) The separation this is 

completed the use of column chromatography is 

primarily based totally on elements which can be 

related to the pattern.(19) So, an element this is 

extra drawn to the desk bound segment will 

migrate down the keeping apart column at a slower 

charge than an element that has a better affinity for 

the cellular segment. Also, the efficacy of the 

separation is depending on the character of the 

adsorbent strong used and the polarity of the 

cellular segment solvent. (20) 

 

 Stationary Phase The form of adsorbent 

fabric used because the desk bound segment is 

crucial for green separation of additives in 

aggregate. Several distinctive strong can be 

hired. Adsorbent fabric may be selected 

primarily based totally on particle length and 

interest of the strong. (21) The interest of the 

adsorbent is represented with the aid of using 

its interest grade, that's a degree of an 

adsorbent's enchantment for solutes within side 

the pattern answer. The solids with the very 

best interest grading are the ones which can be 

absolutely anhydrous. Silica gel and alumina 

are some of the maximum famous adsorbents 

used. (22) Alumina caters properly to samples 

that that require precise situations to safely 

separate. However, the usage of non-impartial 

desk bound stages ought to be carried out with 

remarkable caution; a growth or lower of pH 

within side the alumina desk bound segment 

might also additionally permit chemical 

reactions within side the additives of the 

aggregate. Silica gel, however, is much less 

likely than alumina and may usually be used as 

an all-round adsorbent for maximum additives 

in answer.(23) Silica is likewise favoured due 

to its excessive pattern capacity, making it one 

of the maximum famous adsorbent materials. 

 

 Mobile Phase 

 The right cellular segment needs to 

additionally be selected for the exceptional 

separation of the additives in an unknown 

aggregate.(24) This eluent can be selected 

primarily based totally on its polarity relative to the 

pattern and the desk bound segment. With a sturdy 

polar adsorbent desk bound segment like alumina, 

a polar solvent used because the cellular segment 

can be adsorbed with the aid of using the desk 

bound segment, which might also additionally 

displace molecules of pattern within side the 

aggregate and can motive the pattern additives to 

elute range quickly. This will offer little separation 

of the pattern, so its miles exceptional to begin 
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elution with a solvent of decrease polarity to elute 

the additives which can be weakly adsorbed to the 

desk bound segment first. (25) The solvent can also 

be modified in the course of separation that allows 

you to alternate the polarity and consequently elute 

the numerous additives one after the other in an 

extra well-timed manner. This technique may be 

very much like the gradient technique of separation 

utilized in High Performance Liquid 

Chromatography (HPLC). (26) 

 

Types of Chromatography 

 Normal Phase Chromatography:  

The additives in an aggregate will elute at 

distinctive costs relying on every one's polarity 

relative to the next. When the column for use for 

the separation is extra polar than the cellular 

segment, the test is stated to be an ordinary 

segment technique. In ordinary segment (27) 

chromatography, the desk bound segment is polar, 

and so the extra polar solutes being separated will 

adhere extra to the desk bound adsorbent segment. 

(28) When the solvent or gradient of solvents is 

surpassed thru the column, the much less polar 

additives can be eluted quicker than the extra polar 

ones. The additives can then be accumulated one 

after the other, assuming good enough separation 

changed into completed, so as of growing polarity. 

This technique of chromatography isn't particular 

to liquid-strong column chromatography and is 

regularly used while appearing High Performance 

Liquid Chromatography (HPLC). Although HPLC 

is an instance of liquid-liquid chromatography, 

wherein each the desk bound and cellular stages are 

liquid, ordinary segment elution is completed with 

the aid of using coating the strong adsorbent 

column with a polar liquid. (29) 

 Reverse Phase Chromatography: 
  In opposite segment chromatography, the 

polarities of the cellular and desk bound stages are 

contrary to what they had been while appearing 

ordinary segment chromatography. Instead of 

selecting a non-polar cellular segment solvent, a 

polar solvent will be selected. Or, if the test calls 

for a solvent polarity gradient, the gradient need to 

be executed with the maximum polar solvent first 

and the least polar solvent last (opposite order of 

ordinary segment chromatography). Common polar 

solvents combos of solvents encompass water, 

methanol, and acetonitrile. (30)  It is barely extra 

tough and pricey to reap a column wherein the desk 

bound segment is nonpolar, as all strong adsorbents 

are polar with the aid of using nature. The nonpolar 

desk bound segment may be organized with the aid 

of using coating salinized silica gel with a nonpolar 

liquid. Salinizing the silica gel reduces the silica 

gel's cap potential to adsorb polar molecules. (31) 

Common non polar liquid stages encompass 

silicone and numerous hydrocarbons. An 

opportunity to this form of column is utilized in 

HPLC, wherein a bonded liquid segment is used 

because the desk bound segment. The much less 

polar liquid is chemically bonded to the polar silica 

gel within side the column. So, the use of opposite 

segment, the maximum polar compounds with 

inside the pattern answer can be eluted first, with 

the additives following having reducing polarities. 

(32) 

 Flash Chromatography: 

 Because the elution charge of the cellular 

segment in normal column chromatography as 

defined above is managed in the main with the aid 

of using gravity, chromatographic runs can 

probably take a completely long term to complete. 

(33) Flash chromatography is a changed technique 

of column chromatography wherein the cellular 

segment movements quicker thru the column with 

the assist both pressurized air or a vacuum. A 

vacuum line is connected to the lowest of the 

keeping apart column this pulls the cellular 

segment solvent, and the additives within side the 

cellular segment, thru the column at a quicker 

charge than gravity does. A discern of this set-up 

may be visible within side the hyperlinks 

section.(34) Flash chromatography is powered with 

the aid of using compressed air or air pumps works 

with the aid of using pushing the cellular segment 

thru the column and achieves quicker glide costs of 

the cellular segment simply as vacuum facilitated 

flash chromatography does. For this technique, a 

pressurized airline is connected to the pinnacle of 

the keeping apart column. (35) 

It is because of this that flash 

chromatography is likewise known as medium 

stress chromatography. An inert fueloline is used as 

to now no longer engage with the cellular or desk 

bound segment or the element aggregate. Nitrogen 

fueloline is usually used for this technique of 

chromatography. Many gadgets are to be had to 

carry out flash chromatography as effectively as 

viable: pricey columns, pumps, and glide 

controllers. This keeps a consistent and specific air 

stress or vacuum to the column that allows you to 

reap regular glide charge of the cellular segment 

and favourable separation of the samples in answer. 

However, much less pricey options are to be had, 

as glide controllers may be made in order that 

pressurized air may be used to facilitate flash 
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chromatography. By the use of the above 

apparatus, shopping pricey air pumps may be 

avoided. This technique is beneficial to an extent. 

(36) 

 Since the glide charge of the pressurized 

fuel line is managed manually with the aid of using 

the glide charge controller, its miles extra tough to 

quantify the glide charge and hold that glide charge 

consistent. Instruments to be had for flash 

chromatography are capable of set glide costs 

digitally and hold glide charge consistent. Flash 

chromatography is much like HPLC in that the 

cellular segment is moved thru the column with the 

aid of using making use of stress to the solvent that 

allows you to reap a faster end result. However, in 

flash chromatography, handiest medium stress is 

carried out to the device within side the answer. In 

HPLC, pressures as excessive as 5000 psi may be 

carried out within side the column with the aid of 

using excessive overall performance pumps. (37) 

 

Other Varieties of Liquid Chromatography 

 Partition Chromatography: 

 In this technique, each the desk bound 

segment and the cellular segment are liquid. The 

desk bound segment liquid could be an immiscible 

liquid with the cellular segment. Liquid-Solid 

Chromatography (38) this technique is much like 

partition chromatography handiest that the desk 

bound segment has been changed with in bonded 

inflexible silica or silica primarily based totally 

element onto the inner of the column. Sometimes 

the desk bound segment can be alumina. The 

analytes which can be within side the cellular 

segment which have an affinity for the desk bound 

segment can be adsorbed onto it and people that 

don't will by skip thru having shorter retention 

times. (39)Both ordinary and opposite stages of this 

technique are relevant. 

 Ion Exchange or Ion Chromatography:  

This is a form of chromatography this is 

carried out to split and decide ions on columns 

which have a low ion trade capacity. This is 

primarily based totally at the equilibrium of ion 

trade among the ions in answer and the counter 

ions to pair with the oppositely charged ions which 

can be constant to the desk bound segment. (40) 

This desk bound segment could both have high 

quality of bad purposeful companies affixed to it, 

typically sulfonate (-SO3-) or a quaternary amine (-

N (CH3)3+), being a cation and anion exchanger 

respectively.  

 

 

 Size Exclusion Chromatography: 

 Size exclusion chromatography separates 

molecules with the aid of using their length. This is 

carried out with the aid of using having the desk 

bound segment be full of small debris of silica or 

polymer to shape uniform pores. The smaller 

molecules get trapped within side the silica debris 

and could elude from the column at a charge this is 

extra than that of large molecules. Thus, the 

retention time relies upon on the dimensions of the 

molecules. Larger molecules can be swept away 

within side the cellular segment, consequently 

having a smaller retention time. Also be aware that 

during this form of chromatography there isn’t any 

interplay, being bodily or chemical, among the 

analyte and the desk bound segment. (41) 

 Affinity Chromatography:  

This form of chromatography includes 

binding a reagent to the analyte molecules in a 

pattern. After the binding, handiest the molecules 

which have this ligand are retained within side the 

column, the unbound analyte is surpassed thru 

within side the cellular segment.(42) The desk 

bound segment is typically agarose or a porous 

glass bead this is capable of immobilize the bonded 

molecule. It is viable to alternate the elution 

situations with the aid of using manipulating the 

pH or the ionic power of the binding ligand. This 

technique is regularly utilized in biochemistry with 

inside the purification of proteins. The ligand tag is 

bonded and after separation the tag is then 

eliminated and the natural protein is obtained.  

 Chiral Chromatography:  

Chiral chromatography allows the usage 

of liquid chromatography to split a racemic 

aggregate into its enantiomeric parts. A chiral 

additive may be delivered to the cellular segment, 

or a desk bound segment that has chiral residences 

may be used. A chiral desk bound segment is the 

maximum famous option. The desk bound segment 

must be chiral that allows you to apprehend the 

chirality of the analyte, this could create appealing 

forces among the bonds and additionally shape 

inclusion complexes.(43) 

 Plate Theory and Rate Theory 

 Plate principle and Rate principle are 

theories which can be relevant to chromatography. 

Plate principle describes a chromatography device 

as being in equilibrium among the desk bound and 

cellular stages. These perspectives the column as 

divided into some of imaginary theoretical 

plates.(44) This is extensive due to the fact because 

the wide variety of plates in a column will increase 

or the peak equal theoretical plates or HETP will 
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increase, so does the separation of additives. It 

additionally offers an equation that describes the 

elution curve or the chromatogram of a solute it is 

able to additionally be used to locate the quantity 

and the column efficiency.  

 

HETP=LN (1) (1) HETP=LN 

Where in L= column duration and N= wide variety 

of theoretical plates  

 

The Rate principle however describes the 

migration of molecules in a column. This covered 

band shape, broadening, and the diffusion of a 

solute. Rate principle follows the Van Deemter 

equation, that's the maximum suitable for 

prediction of dispersion in liquid chromatography 

columns. It does this with the aid of using thinking 

of the numerous pathways that a pattern need to 

journey thru a column. Using the Van Deemter 

equation, its miles viable to locate the premier pace 

and a minimal plate height.  

 

H=A+Bu=Cu (2) (2) H=A+Bu=Cu 

 

Where in AA = Eddy-Diffusion, BB = 

Longitudinal Diffusion, CC = mass switch, uu = 

linear velocity 

 

 Instrumentation  

This schematic is of the simple 

instrumentation of a liquid-solid chromatograph. 

The solvent inlet brings within side the cellular 

segment that's then pumped thru the inline solvent 

clear out and surpassed thru the injection valve. 

This is wherein the cellular segment will blend 

with the injected pattern. It then receives surpassed 

thru some other clear out after which surpassed 

thru the column wherein the pattern can be 

separated into its additives. The detector detects the 

separation of the analytes and the recorder, or 

typically a pc will file this information. The pattern 

then is going through a backpressure clear out and 

into wastes. (45) 

 
Fig: -1 liquid-solid chromatography 

 

A simple LC device is composed of (a) a solvent 

inlet filter (b) pump, (c) inline solvent filter (d) 

injection valve, (e) precolumn clear out (f) column, 

(g) detector, (h) recorder, (i) backpressure 

regulator, and a (j) waste reservoir.  

 

Advantages / Disadvantages 

 Liquid-strong column chromatography is 

a powerful separation method while all suitable 

parameters and device are used. s. Key advantages 

in this context are the high analytical specifi city, 

the wide range of potential target analytes and the 

fl exible development of sensitive analytical 

methods for large numbers of drug candidates. 

This technique is especially powerful 

while the compounds with inside the aggregate are 

coloured, as this offers the scientist the cap 

potential to look the separation of the bands for the 

additives within side the pattern answer. Even if the 

bands aren't seen, positive additives may be found 

with the aid of using different visualization 

techniques. 

 One technique that may fit for a few 

compounds is irradiation with ultraviolet light. This 

makes it surprisingly smooth to accumulate 

samples one after some other. (46)However, if the 

additives within side the answer aren't seen with 

the aid of using any of those techniques, it is able 

to be tough to decide the efficacy of the separation 

that changed into performed. In this case, separate 

collections from the column are taken at certain 

time intervals. Since the human eye is the number 

one detector for this manner, it's miles simplest 
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while the bands of the awesome compounds are 

seen.  

Liquid-solid column chromatography is 

likewise a much less pricey manner than different 

techniques of separation (HPLC, GC, etc.). This is 

due to the fact the maximum simple kinds of 

column chromatography do now no longer require 

the assist of pricey equipment like excessive stress 

solvent pumps utilized in HPLC. In techniques 

except flash chromatography, the glide of the 

cellular segment, the detection of every separation 

band, and the gathering of every element, are all 

carried out manually with the aid of using the 

scientist. (47) Although this introduces many caps 

potential times of experimental error, this technique 

of separation may be very powerful while carried 

out effectively. Also, the glass put on used for 

liquid-strong column chromatography is 

surprisingly less expensive and with ease to be had 

in lots of laboratories. Burettes are usually used 

because the keeping apart column, which in lots of 

instances will paintings simply in addition to a 

pricey pre-organized column. For smaller scale 

chromatography, Pasteur pipettes are regularly 

used. (48) 

 Flash chromatography has the cap 

potential to be extra high priced than the preceding 

techniques of separation, especially while 

sophisticated air pumps and vacuum pumps are 

needed. When those portions of equipment aren't 

needed, however, a vacuum line may be 

alternatively related to an aspirator2 on a water 

faucet. Also, home-made pressurized air glide 

controllers may be made as proven previously.  

LC-MS/MS Hyphenation:The term 

“hyphenation” was first adapted by Hirsch Feld in 

1980 to describe a possible combination of two or 

more instrumental analytical methods in a 

single run (Hirschfeld, 1980). The aim of the 

coupling is to obtain an information-rich detection 

for both identification and quantification compared 

to that with a single analytical technique. 

LC-MS is a chemistry technique that 

combines the physical separation of liquid 

chromatography (or HPLC) with the mass 

spectroscopy. A typical automated LC-MS system 

(Figure 3) consists of double three-way diverter 

inline with an autos ampler, LC system, the Mass 

spectrometer. The diverter generally operates as an 

automatic switching valve to divert undesired 

portions of eluting from the LC system to waste 

before the sample enters the MS. The ionization 

techniques used in LC-MS are generally soft 

techniques that mainly display the molecular ion 

species with only a few fragment ions. The 

information obtained from a single LC-MS run is 

not sufficient for confirmation of the identity of 

the compound. Nevertheless, the problem has 

now been solved by the introduction of tandem 

mass spectrometry (MS-MS), which provides 

fragments through collision-induced dissociation 

of the molecular ions produced. Use of LC-MS-

MS is increasing speedily day by day. 

Hyphenated techniques such as HPLC coupled to 

UV and mass spectrometry (LC-UV-MS) have 

been proved to be extremely useful in combination 

with biological screening for a rapid survey of 

natural products. Nowadays, various types of LC-

MS systems incorporating different types of 

interfaces are available commercially. The 

interfaces are designed in such a way that they 

offer adequate nebulization and vaporization of the 

liquid, ionization of the sample, removal of the 

excess solvent vapour, and extraction of the ions 

into the mass analyser. The two most widely used 

interfaces, especially in relation to natural product 

analysis, are electrospray ionization (ESI) and 

atmospheric pressure chemical ionization 

(APCI)Mass spectrometry allows the identifi 

cation, characterization, and quantifi cation of 

chemical compounds as target analytes based on 

their respective molecular masses and 

fragmentation patterns; the molecular mass of an 

entire molecule and / or the mass fragmentation 

pattern of thermodynamically favoured and stable 

fragments of the molecule are used to describe a 

specifi c compound. (49) 

The three basic processes of mass spectrometry are:  

 

1. Generation of ions (Fig.2) 

2. Transport and selection of ions in space in an 

environment of high vacuum, typically 

according to their mass-to-charge (m / z) values 

3.Ion detection. (Fig.3) 

 

The principle of MS/MS is that a sample 

is ionized and analyzed in one stage of mass 

spectrometry. A particular m/z value is selected 

from the mass spectrum and directed into a 

collision cell containing a neutral gas (in general 

argon, helium or nitrogen). The collision with the 

gas excites the ion vibrationally, a process known 

as collision induced dissociation (CID). (50) Other 

post-source induced fragmentation approaches in 

the reaction chamber include electron capture and 

electron transfer dissociation methods (ECD and 

ETD), surface-induced-dissociation (SID) and 

photodissociation. The ions (fragments) generated 
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by these processes are separated and recorded in a 

second stage of mass spectrometry. Mass 

spectrometers that perform the three steps of the 

MS/MS process (precursor ion selection, induced 

dissociation and mass analysis of the product 

ion(s)) in spatially separated devices, are called 

“tandem-in-space mass spectrometers”, whereas 

devices that execute the three steps sequentially in 

the same device are called “tandem-in-time mass 

spectrometers”. Examples of the first type are QQQ 

and hybrid MS instruments (Q-TOF, IT-TOF, etc), 

while the second category includes IT, Orbitrap, 

and FTICR. (51) 

 

 

 
Fig.2 Generation of ions (ESI , APCi, APPI) 

 

 

 
Fig.3Scheme of a quadrupol mass fi lter (ion Detection) 
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Fig.4 LC-MS Hyphenation 

 

Fig. 4.1 LC-MS/MS Hyphenation 

 
 

Tandem mass spectrometry 

Tandem MS is explained in the diagram 

below. After samples are ionised (by ESI, MALDI, 

EI, and other methods) to produce a mixture of 

ions, precursor ions with a certain mass-to-charge 

ratio (m/z) are selected (MS1) and then fragmented 

(MS2) to produce product ions for detection. The 

sequence of selection-fragmentation-detection can 

also be applied to first-generation product ions. 

Select product ions obtained in MS2 can, for 

example, be fragmented further to form another 

group of product ions (MS3), and so on. (52) 

 

PRINCIPLE OF TANDEM MASS 

SPECTROMETRY: Application of the principle 

of tandem mass spectrometry represented a further 

breakthrough in LC-MS since this technique 

compensates for the rather poor chromatographic 

capacity of LC by application of a highly specific 

mass spectrometric detection. In tandem MS (syn. 

MS / MS) two quadruple mass fi lters arecombined 

and target analyte molecules from the fi rst 

quadrupole are submitted to a controlled 

fragmentation in a collision cell (Fig. 5). The 

entirety of ions formed by ESI is transferred into 

the fi rst quadrupole mass fi lter. Here, the m / z of 

the intact ionized target analyte is selected, all other 

ion species are fi ltered out. The selected ions 

sharing identical mass-to-charge ratio (m / z) are 

continuously transferred into the collision cell. In 
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this part of the MS analyzer, a collision gas – in 

most cases argon or nitrogen – is present in trace 

amounts (10 − 3 mbar). Ions selected by the fi rst 

quadrupole collide with these gas molecules and 

fragment into characteristic product ions. For most 

analytes several characteristic, thermodynamically 

favored product ions are generated. The entirety of 

these fragment ions are guided to the second 

quadrupole.(53)  The radiofrequency settings of the 

second analytical quadrupole is adjusted in a way 

that only one selected fragment ion will pass, while 

all other fragment ion species are fi ltered out. 

Thus, one defi Ned“daughter ion” from one defi 

ned “parention” fi nally reaches the ion detector. 

The selection of masses of the fi st and the second 

quadrupoles, defi ning the respective 

“masstransition” , can be changed within fractions 

of a second. Thus, a large number of different mass 

transitions can be monitored in parallel in an 

analytical run allowing multi-analyte quantifi 

cation. 

 

 
Fig: 5 Tandem-mass-spectrometry 

 

Tandem MS instrumentation  

Since Tandem MS includes 3 awesome steps of 

selection-fragmentation-detection, the separation of 

those 3 steps may be found out in space or in time.  

 

 Tandem MS in space  

 Typical Tandem MS in area gadgets encompass 

QqQ, QTOF, and hybrid ion lure/FTMS, etc.  

 

 QqQ (Triple Quadrupole)  

 
Fig: - 6 Triple Quadrupole: tandem-in-space 

 

Three Quadrupoles (Quad 1, Quad 2, and Quad three) are covered up in a row. Precursor ions are decided on in 

Quad 1 and despatched to Quad 2 for dissociation (fragmentation). The generated product ions are despatched to 

Quad three for mass scanning.(54) 
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 QTOF (Quadrupole Time-of-flight)  

 
Fig: 7 Quadrupole Time-of-flight 

 

In the QTOF, precursor ions are decided on within side the Quadrupole and despatched to the Collision Cell for 

fragmentation. The generated product ions are detected with the aid of using time-of-flight (TOF) mass 

spectrometry. (55) 

 

 Hybrid Ion Trap/FTMS  

 

 
Fig: 8 Hybrid Ion Trap/FTMS 
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For the hybrid ion lure/FTMS (FT-ICR or 

Orbitrap) gadgets, precursor ions decided on and 

fragmented in an outside ion lure. The generated 

product ions may be detected both within side the 

outside lure (decrease mass resolution, however 

quicker) with the aid of using or with the aid of 

using FTMS (better mass accuracy and resolution, 

however slower).  

 

 

 

 Tandem-in-Time MS/MS  

Typical Tandem-in-Time MS/MS gadgets 

encompass ion lure and FT-ICR MS. 

 Fragment ion notation 

 Peptides and oligosaccharides (which 

include glycolipids) observe distinctive structures 

of nomenclature for his or her fragment ions. Other 

instructions of compounds, i.e., phospholipids, etc., 

do now no longer but have mounted nomenclature 

structures. (56) 

 Peptides 

 

 
 Nomenclature for peptide fragments  

Fragments containing the N-terminus are 

classified a, b, or c, relying at the web website 

online of the cleavage, while fragments containing 

the C-terminus are classified x, y, or z. The 

numbers imply the wide variety of amino acid 

residues with inside the fragment ion. (57) 

 

Oligosaccharides (which includes glycolipids) 

 For oligosaccharides, fragments 

containing the lowering quit (lowering quit is at the 

right-hand aspect within side the discern) are 

classified x, y, or z, relying at the web website 

online of the cleavage, while fragments containing 

the opposite quit are classified a, b, or c. The 

numbers imply the web website online of the sugar 

residue: y, z, b, and c ions are fragments because of 

glycosidic cleavages (slicing glycosidic bonds 

protecting adjoining sugar residues), while a and x 

ions end result from cross-ring cleavage.  

 

 
 

Nomenclature for oligosaccharide 

fragments (which includes glycolipids, while R = 

ceramide) (Costello, C. E.; Vath, J. E. Methods 

Enzymol. 1990, 193, 738-768)   

 

 Fragmentation strategies  

Precursor ions may be activated (with 

expanded inner power) in lots of distinctive ways. 
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Fragmentation styles rely upon how power is 

transferred to the precursor ion, the quantity of 

power transferred, and the way the transferred 

power is internally distributed. Collision-brought 

on dissociation and infrared multiphoton 

dissocition are "slow-heating" strategies that 

growth the Boltzmann temperature of the ion and 

as a result preferentially cleave the weakest bonds 

to provide specially b and y ions. (58) These 

strategies are pretty green for peptides, lipids and 

different surprisingly small chemical compounds, 

however may additionally eliminate protein post-

translational modifications (e.g., phosphates and 

sugars).Electron Seize dissociation and electron 

switch dissociation specially produce c and z ions 

even as maintaining post-translational 

modifications (PTMs). Thus, ECD and ETD are 

extensively carried out to proteins and peptides 

with labile PTMs. For oligosaccharides (which 

includes glycolipids), ECD/ETD also can generate 

cross-ring cleaved A and Z ions, which can be vital 

for localization of Glycosidic bonds. (59) 

 

Applications of LC-Tandem mass spectrometry  

1. In the endocrinological routine laboratory LC-

MS / MS competes as a method predominantly 

with immunoassay tests. This theoretically applies 

for thyroid hormones, steroids, and related 

small molecule hormones as 25-hydroxyvitamin 

D 3. For quantifi cation of proteo-hormones, 

LC-MS / MS is in general not applicable due to the 

biological variability of these analytes and the 

typically very low concentrations, while peptide 

hormones may be potential targets of LC-MS / MS 

analyses.(60) 

2.The analytical performance of the majority of 

immunoassays for the quantifi cation of 

clinically important small molecule hormones is 

good or acceptable. This applies for example 

forthyroid hormones, serum cortisol, 

progesterone, and estradiol. For these parameters, 

results are typically required within a short time 

and for a large number of samples. (61) 

3.For some small molecule analytes, available 

immunoassays suffer from important analytical 

limitations, particularly with respect to specifi city. 

Analytes that fall into this group include 17-

hydroxyprogesterone, testosterone, 25-

hydroxyvitamin D, 1, 25-dihydroxyvitamin D, 

cortisol (if assays are applied to urine or saliva), 

plasma metanephrins, androstendione, and 

aldosterone. for some of these analytes, LC-MS / 

MS may offer a superior alternative even in a 

routine setting. (62) 

4. In drug discovery, major applications are the 

quantitative analysis of the parent drug and the 

identification of metabolic biotransformation 

products. (63) 

5. At the discovery stage, it is not only necessary to 

qualitatively identify metabolites in in vitro and in 

vivo studies, but it is also important to 

quantitatively estimate the importance of each 

metabolite so that metabolic liabilities can be 

addressed during compound optimization. (64) 

This means that major pharmacologically active 

metabolites must be identified and if necessary 

monitored in discovery and investigational new 

drug-enabling toxicological studies. Early phase 

metabolism studies typically rely on the use of LC-

MS to analyze samples derived from in vitro 

incubations (e.g. with liver microsomes or 

hepatocytes) and/or in vivo studies. LC-MS allows 

the rapid identification and partial structural 

characterization of metabolites, with a high 

sensitivity for most drug candidates and 

metabolites(65) 

 

CONCLUSION 
Helps to academic research, quality 

control as well as industrial applications. It is 

automated system gives fast, reproducible and 

effective results that is a key important role in 

advancement of Science and Technology. Tandem-

mass spectrometry is widely used in 

pharmaceutical industries for analytical research 

and development, quality control, quality 

assurance, production for active pharmaceutical 

ingredients, bulk drugs and formulations. This 

versatile analytical technique could be explored for 

better prospects in future. 

 

REFERENCES: - 
[1]. B. J. Bythell, et al, Relative stability of 

peptide sequence ions generated by tandem 

mass spectrometry, Journal of the American 

Society for Mass Spectrometry 23(4), 644-

654 2012 

[2]. Jones Jr., M. Organic Chemistry, 2nd ed. 

New York, NY. W. W. Norton & Company, 

Inc. 2000. 

[3]. Lehman, JW. Operational Organic 

Chemistry, 3rd ed. Upper Saddle River, NJ. 

Prentice Hall. 2002. 

[4]. Skoog, DA; Holler, FJ; Crouch, SR. 

Principles of Instrumental Analysis, 6th ed. 

Belmont, CA. Thomson Higher Education. 

2007. 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 6 Nov-Dec 2021, pp: 192-207 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0606192207       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 204 

[5]. Wade Jr., LG. Organic Chemistry, 6th ed. 

Upper Saddle River, NJ. Prentice Hall. 2006. 

[6]. McLuckey, S.A.: Principles of collisional 

activation in analytical mass spectrometry. J. 

Am. Soc. Mass Spectrum. 3, 599–614 

(1992) 

 

[7]. Polfer, N.C., Oomens, J., Suhai, S., Paizs, 

B.: Spectroscopic and theoretical evidence 

for oxazolone ring formation in collision-

induced dissociation of peptides. J. Am. 

Chem. Soc. 127, 17154–17155 (2005) 

[8]. Oomens, J., Young, S., Molesworth, S., van 

Stipdonk, M.: Spectroscopic evidence for an 

oxazolone structure of the b2 fragment ion 

from protonated tri-alanine. J. Am. Soc. 

Mass Spectrom. 20, 334–339 (2009) 

[9]. Verkerk, U.H., Siu, C.-K., Steill, J.D., El 

Aribi, H., Zhao, J., Rodriquez, C.F., 

Oomens, J., Hopkinson, A.C., Siu, K.W.M.: 

a2 ion derived from triglycine: An N1-

protonated 4-imidazolidinone. J. Phys. 

Chem. Lett. 1, 868–872 (2010) 

[10]. Yoon, S.H., Chamot-Rooke, J., Perkins, 

B.R., Hilderbrand, A.E., Poutsma, J.C., 

Wysocki, V.H.: IRMPD spectroscopy shows 

that agg forms an oxazolone b2+ ion. J. Am. 

Chem. Soc. 130, 17644–17645 (2008) 

[11]. Somogyi, A.: Probing peptide fragment ion 

structures by combining sustained off-

resonance collision-induced dissociation and 

gas-phase H/ D exchange (SORI-HDX) in 

fourier transform ion-cyclotron resonance 

(FT-ICR) instruments. J. Am. Soc. Mass 

Spectrom. 19, 1771–1775 (2008) 

[12]. Fattahi, A., Zekavat, B., Solouki, T.: H/D 

exchange kinetics: Experimental evidence 

for formation of different b fragment ion 

conformers/ isomers during the gas-phase 

peptide sequencing. J. Am. Soc. Mass 

Spectrom. 21, 358–369 (2010) 

[13]. Bythell, B.J., Somogyi, A., Paizs, B.: What 

is the structure of b2 ions generated from 

doubly protonated tryptic peptides? J. Am. 

Soc. Mass Spectrom. 20, 618–624 (2009) 

[14]. . Bythell, B.J., Knapp-Mohammady, M., 

Paizs, B., Harrison, A.G.: Effect of his 

residue on the cyclization of b ions. J. Am. 

Soc. Mass Spectrom. 21, 1352–1363 (2010) 

[15]. Cawood ML , Field HP , Ford CG , 

Gillingwater S , Kicman A , Cowan D , 

Barth JH . Testosterone measurement by 

isotope-dilution liquid chromatography-

tandem mass spectrometry: validation of a 

method for routine clinical practice. Clin 

Chem 2005 ; 51 : 1472 – 1479 

[16]. Chadwick CA, Owen LJ, Keevil BG. 

Development of a method for the 

measurement of dehydroepiandrosterone 

sulphate by liquid chromatography tandem 

mass spectrometry. Ann Clin Biochem 2005 

; 42 : 468 – 474 

[17]. Chan EC, Ho PC. High-performance liquid 

chromatography/atmospheric pressure 

chemical ionization mass spectrometric 

method for the analysis of catecholamines 

and metanephrines in human urine. Rapid 

Commun Mass Spectrom 2000 ; 14 : 1959 – 

1964 

[18]. Gjerde J , Kisanga ER , Hauglid M , Holm 

PI , Mellgren G , Lien EA . Identifi cation 

and quantifi cation of tamoxifen and four 

metabolites in serum by liquid 

chromatography-tandem mass spectrometry . 

J Chromatogr A 2005 ; 1082 : 6 – 14 

[19]. Jeppsson JO , Kobold U , Barr J , Finke A , 

Hoelzel W , Hoshino T , Miedema K , 

Mosca A , Mauri P , Paroni R , Thienpont L 

, Umemoto M , Weykamp C . International 

Federation of Clinical Chemistry and 

Laboratory Medicine (IFCC). Approved 

IFCC reference method for the measurement 

of HbA1c in human blood. Clin Chem Lab 

Med 2002 ; 40 : 78 – 89 

[20]. Kool J , Ramautar R , van Liempd SM , 

Beckman J , de Kanter FJ , Meerman JH , 

Schenk T , Irth H , Commandeur JN , 

Vermeulen NP . Rapid on-line profiling of 

estrogen receptor binding metabolites of 

tamoxifen. J Med Chem 2006 ; 49 : 3287 – 

3292 

[21]. Kushnir MM, Urry FM, Frank EL, Roberts 

WL, Shushan B. Analysis of catecholamines 

in urine by positive-ion electrospray tandem 

mass spectrometry . Clin Chem 2002 ; 48 : 

323 – 331 

[22]. Lagerstedt SA,O’ Kane DJ, Singh RJ. 

Measurement of plasma free metanephrine 

and normetanephrine by liquid 

chromatography-tandem mass spectrometry 

for diagnosis of pheochromocytoma . Clin 

Chem 2004 ; 50 : 603 – 611 

[23]. Lopez-Roldan P, Lopez de Alda MJ, Barcelo 

D. Simultaneous determination of selected 

endocrine disrupters (pesticides, phenols and 

phthalates) in water by in-fi eld solid-phase 

extraction (SPE) using the prototype 

PROFEXS followed by on-line SPE 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 6 Nov-Dec 2021, pp: 192-207 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0606192207       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 205 

(PROSPEKT) and analysis by liquid 

chromatography-atmospheric pressure 

chemical ionisationmass spectrometry . Anal 

Bioanal Chem 2004 ; 378 : 599 – 609 

[24]. Maunsell Z, Wright DJ, Rainbow SJ. 

Routine isotope-dilution liquid 

chromatography-tandem mass spectrometry 

assay for simultaneous measurement of the 

25-hydroxy metabolites of vitamins D2 and 

D3. Clin Chem 2005 ; 51 : 1683 – 1690 

[25]. A.B. Stergachis, B. MacLean, K. Lee, J.A. 

Stamatoyannopoulos, M.J. MacCoss, Rapid 

empirical discovery of optimal peptides for 

targeted proteomics, Nat Methods 8(12) 

(2011) 1041-3. 

 

[26]. J. Faktor, R. Sucha, V. Paralova, Y. Liu, P. 

Bouchal, Comparison of targeted proteomics 

approaches for detecting and quantifying 

proteins derived from human cancer tissues, 

Proteomics 17(5) (2017) 1600323. 

[27]. E. Gianazza, E. Tremoli, C. Banfi, The 

selected reaction monitoring/multiple 

reaction monitoring-based mass 

spectrometry approach for the accurate 

quantitation of proteins: clinical applications 

in the cardiovascular diseases, Expert Rev 

Proteomics 11(6) (2014) 771-88. 

[28]. J. Fan, F. Mohareb, N.J. Bond, K.S. Lilley, 

C. Bessant, MRMaid 2.0: mining PRIDE for 

evidence-based SRM transitions, OMICS 

16(9) (2012) 483-8 

[29]. L.K. Pino, B.C. Searle, J.G. Bollinger, B. 

Nunn, B. MacLean, M.J. MacCoss, The 

Skyline ecosystem: Informatics for 

quantitative mass spectrometry proteomics, 

Mass Spectrom Rev (2017). 

[30]. A.I. Nesvizhskii, A survey of computational 

methods and error rate estimation 

procedures for peptide and protein 

identification in shotgun proteomics, J 

Proteomics 73(11) (2010) 2092- 123. 

[31]. S. Nasso, S. Goetze, L. Martens, Ariadne's 

Thread: A Robust Software Solution 

Leading to Automated Absolute and 

Relative Quantification of SRM Data, J 

Proteome Res 14(9) (2015) 3779-92. 

[32]. T. Farrah, E.W. Deutsch, R. Kreisberg, Z. 

Sun, D.S. Campbell, L. Mendoza, U. 

Kusebauch, M.Y. Brusniak, R. Huttenhain, 

R. Schiess, N. Selevsek, R. Aebersold, R.L. 

Moritz, PASSEL: the PeptideAtlas 

SRMexperiment library, Proteomics 12(8) 

(2012) 1170-5. 

[33]. J.J. Kennedy, S.E. Abbatiello, K. Kim, P. 

Yan, J.R. Whiteaker, C. Lin, J.S. Kim, Y. 

Zhang, X. Wang, R.G. Ivey, L. Zhao, H. 

Min, Y. Lee, M.H. Yu, E.G. Yang, C. Lee, 

P. Wang, H. Rodriguez, Y. Kim, S.A. Carr, 

A.G. Paulovich, Demonstrating the 

feasibility of large-scale development of 

standardized assays to quantify human 

proteins, Nat Methods 11(2) (2014) 149- 55. 

[34]. A.L. Creech, J.E. Taylor, V.K. Maier, X. 

Wu, C.M. Feeney, N.D. Udeshi, S.E. Peach, 

J.S. Boehm, J.T. Lee, S.A. Carr, J.D. Jaffe, 

Building the Connectivity Map of 

epigenetics: chromatin profiling by 

quantitative targeted mass spectrometry, 

Methods 72 (2015) 57-64. 

[35]. Ori, N. Banterle, M. Iskar, A. Andres-Pons, 

C. Escher, H. Khanh Bui, L. Sparks, V. 

Solis-Mezarino, O. Rinner, P. Bork, E.A. 

Lemke, M. Beck, Cell type-specific nuclear 

pores: a case in point for context-dependent 

stoichiometry of molecular machines, Mol 

Syst Biol 9 (2013) 648. 

[36]. 38 Magnusson MO, Sandstrom R. 

Quantitative analysis of eight testosterone 

metabolites using column switching and 

liquid chromatography/ tandem mass 

spectrometry . Rapid Commun Mass 

Spectrom 2004 ; 18 : 1089 – 1094 

[37]. Ackermann BL, Hale JE, Duffi n KL. The 

role of mass spectrometry in biomarker 

discovery and measurement . Curr Drug 

Metab 2006 ; 7 : 525 – 539 

[38]. Vogeser M, Zachoval R, Jacob K. Serum 

cortisol/cortisone ratio after Synacthen 

stimulation . Clin Biochem 2001 ; 34 : 421 – 

425 

[39]. Vogeser M, Zachoval R, Sp ö hrer U, Jacob 

K. Potential lack of specifi city using 

electrospray tandem-mass spectrometry for 

the analysis of mycophenolic acid in serum. 

Therapeutic Drug Monitoring 2001 ; 23 : 

722 – 724 

[40]. Williams LD, Twaddle NC, Churchwell MI, 

Doerge DR. Quantifi cation of tamoxifen 

and metabolites and soy isofl avones in 

human plasma using liquid chromatography 

with electrospray ionization tandem mass 

spectrometry . J AOAC Int 2006 ; 89 : 1168 

– 1173 

[41]. 86 Zweigenbaum J, Henion J. Bioanalytical 

high-throughput selected reaction 

monitoring-LC/MS determination of 

selected estrogen receptor modulators in 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 6 Nov-Dec 2021, pp: 192-207 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0606192207       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 206 

human plasma: 2000 samples/day . Anal 

Chem 2000 ; 72 : 2446 – 2454 

[42]. Yin OQ, Lam SS, Lo CM, Chow MS. Rapid 

determination of fi ve probe drugs and their 

metabolites in human plasma and urine by 

liquid chromatography/tandem mass 

spectrometry: application to cytochrome 

P450 phenotyping studies. Rapid Commun 

Mass Spectrom 2004 ; 18 : 2921 – 2933 

[43]. Soukhova N, Soldin OP, Soldin SJ. Isotope 

dilution tandem mass spectrometric method 

for T4/T3. Clin Chim Acta 2004;343: 185 – 

190 60 Stanczyk FZ. Measurement of 

androgens in women . Semin Reprod Med 

2006; 24: 78 – 85 61 Stowasser M, Gordon 

RD. Aldosterone assays: an urgent need for 

simprovement. Clin Chem 2006; 52 : 1640 – 

1642 

[44]. Soldin OP, Hilakivi-Clarke L, Weiderpass E, 

Soldin SJ. Trimester-specifi c reference 

intervals for thyroxine and triiodothyronine 

in pregnancy in iodine sufficient women 

using isotope dilution tandem mass 

spectrometry and immunoassays. Clin Chim 

Acta 2004 ; 349 : 181 – 189  

[45]. Soldin SJ, Soukhova N, Janicic N, Jonklaas 

J, Soldin OP. The measurement of free 

thyroxine by isotope dilute. 

[46]. Kushnir MM, Rockwood AL, Roberts WL, 

Pattison EG, Owen WE, Bunker AM, 

Meikle AW. Development and performance 

evaluation of a tandem mass spectrometry 

assay for 4 adrenal steroids. Clin Chem 

2006; 52 : 1559 – 1567 

[47]. Vogeser M , Hauer D , Azad SC , Huber E , 

Storr M , Schelling G . Release of 

anandamide from blood cells. Clin Chem 

Lab Med 2006 ; 44 : 488 – 491  

[48]. Vogeser M, Kyriatsoulis A, Huber E, 

Kobold U. Candidate reference method for 

the quantifi cation of circulating 25-

hydroxyvitamin D3 using liquid chromater. 

[49]. Vogeser M, Sp ö hrer U. Automated 

processing of whole blood samples for the 

determination of immunosuppressant’s by 

LC-MS/MS. Clin Chem Lab Med 2006 ; 44 

: 1126 – 1130 

[50]. Fenner, M. A.; Chakrabarty, S.; Wang, B.; 

Pagnotti, V. S.; Hoang, K.; Trimpin, S.; 

Mcewen, C. N. An LC/MS Method 

Providing Improved Sensitivity: 

Electrospray Ionization Inlet. 2017. 

[51]. Seemann, B.; Alon, T.; Tsizin, S.; Fialkov, 

A. B.; Amirav, A. Electron Ionization LC-

MS with Supersonic Molecular Beams - The 

New Concept, Benefits and Applications. J. 

Mass Spectrom. 2015, 50 (11), 1252–1263.  

[52]. Holčapek, M.; Jirásko, R.; Lísa, M. Recent 

Developments in Liquid Chromatography-

Mass Spectrometry and Related Techniques. 

J. Chromatogr. A 2012, 1259, 3–15. 

[53]. Gao, J.; Ceglia, S. S.; Jones, M. D.; 

Simeone, J.; Antwerp, J. Van; Zhang, L. K.; 

Ross, C. W.; Helmy, R. A Novel Compact 

Mass Detection Platform for the Open 

Access (OA) Environment in Drug 

Discovery and Early Development. J. 

Pharm. Biomed. Anal. 2016, 122, 1–8.  

[54]. Wu, S. T.; Schoener, D.; Jemal, M. Plasma 

Phospholipids Implicated in the Matrix 

Effect Observed in Liquid 

Chromatography/Tandem Mass 

Spectrometry Bioanalysis: Evaluation of the 

Use of Colloidal Silica in Combination with 

Divalent or Trivalent Cations for the 

Selective Removal of Phospholi. Rapid 

Commun. Mass Spectrom. 2008, 22, 2873–

2881.  

[55]. Yan, X.; Zhao, S.; Zhu, W.; Rao, J.; Xu, J.; 

Li, D.; Qin, L.; Qiu, L.; Li, G.; Huang, J.; et 

al. LC – MS / MS Assay of Ropinirole in 

Rat Biological Matrices : Elimination of 

LysoglycerophosphocholinesBased Matrix 

Effect. Bioanalysis 2016, 8 (17), 1823–1835.  

[56]. Koller, D.; Zubiaur, P.; Saiz-rodríguez, M.; 

Abad-santos, F.; Wojnicz, A. Simultaneous 

Determination of Six Antipsychotics , Two 

of Their Metabolites and Caffeine in Human 

Plasma by LC-MS MS Using a 

Phospholipid-Removal Microelution-Solid 

Phase Extraction Method for Sample 

Preparation. Talanta 2019, 198, 159–168 

[57]. Augusto, F.; Hantao, L. W.; Mogollo, N. G. 

S.; Braga, S. C. G. N. New Materials and 

Trends in Sorbents for Solid-Phase 

Extraction. TrAC - Trends Anal. Chem. 

2013, 43, 14–23, 

[58]. Campiıns-Falco, R.; Sevillano-Cabeza, A.; 

Herraez-Hernandez, R.; Molins-Legua, C.; 

MolinerMartınez, Y.; Verdu-Andrés, J. 

Solid-Phase Extraction and Clean-up 

Procedures in Pharmaceutical Analysis - 

Update Based on the Original Article by P. 

Campíns-Falcó, A. Sevillano-Cabeza, R. 

Herráez-Hernández, and C. Molins-Legua, 

Encyclopedia of Analytical Chemistry, © 

2000, John Wiley. Encyclopedia of 

Analytical Chemistry: Applications, Theory 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 6 Nov-Dec 2021, pp: 192-207 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0606192207       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 207 

and Instrumentation; John Wiley & Sons, 

2012.  

[59]. Soichot, M.; Julliand, S.; Filatriau, J.; 

Hurbain, A.; Bourgogne, E.; Mihoubi, A.; 

Gourlain, H.; Toxicologie, S. De; 

Lariboisière, H.; Paré, R. A.; et al. Diagnosis 

of Heroin Overdose in an 8- Year-Old Boy : 

Reliable Contribution of Toxicology 

[60]. Higashi, T.; Aiba, N.; Tanaka, T.; 

Yoshizawa, K.; Ogawa, S. Journal of 

Pharmaceutical and Biomedical Analysis 

Methods for Differential and Quantitative 

Analyses of Brain Neurosteroid Levels by 

LC / MS / MS with ESI-Enhancing and 

Isotope-Coded Derivatization. J. Pharm. 

Analyst Accepted Manuscript Published on 

16 January 2020. Downloaded by University 

of Western Ontario on 1/16/2020 Biomed. 

Anal. 2016, 117, 155–162.  

[61]. Kanu, A. B.; Dwivedi, P.; Tam, M.; Matz, 

L.; Hill, H. H. J. Ion Mobility – Mass 

Spectrometry. J. Mass Spectrom. 2008, 43, 

1–22.  

[62]. Hernandez-Mesa, M.; Monteau, F.; Bizec, 

B. Le; Dervilly-pinel, G. Potential of Ion 

MobilityMass Spectrometry for Both 

Targeted and Non-Targeted Analysis of 

Phase II Steroid Metabolites in Urine. Anal. 

Chim. Acta X 2019, 

[63]. Giusti, A.; Nguyen, X.; Kislyuk, S.; Mignot, 

M.; Croze, D.; Marc, L.; Ny, A.; Cabooter, 

D.; Witte, P. De. Safety Assessment of 

Compounds after In Vitro Metabolic 

Conversion Using Zebrafish Eleuthero 

Embryos. 

[64]. Zheng, L.; Zheng, F. Development and 

Validation of an LC-APCI-MS/MS Method 

for the Determination of Phenethyl 

Isothiocyanate in Human Plasma. Biomed. 

Chromatogr. 2015, 29 (4), 619–625 

[65]. Lin, L.; Lin, H.; Zhang, M.; Dong, X.; Yin, 

X.; Qu, C.; Ni, J. Types, Principle, and 

Characteristics of Tandem High-Resolution 

Mass Spectrometry and Its Application 


