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ABSTRACT

The remarkable method for chemical and pharmaceutical analysis that can separate, analyse, and/or purify any
material is liquid chromatography. For the purpose of separating drug particles and performing their metabolite
bioanalysis, a variety of analytical techniques are employed, including mass spectrometry (MS), capillary
electrophoresis (CE), gas chromatography (GC), radioimmunoassay (RIA), fluorescence, and refractive index.
The most popular ones are chromatography-based. The ability of chromatography to separate materials and
mass spectrometry (MS) has completely changed the way chemical analysis is conducted today. Liquid
chromatography-tandem mass spectrometry (LC-MS/MS) equipment is highly versatile and selective. Because
of its outstanding selectivity, high sensitivity, and rapid analysis, LC-MS/MS is a commonly used and ideal
method for evaluating medicines and their metabolites. Even at lower concentrations, analytes that are easily
separated by liquid chromatography can be identified by MS/MS detection due to a variety of ionisation
techniques, including electro-spray ionisation (ESI), atmospheric pressure photo ionisation (APPI), and air
pressure chemical ionisation (APCI). A fingerprint mass spectrum is produced by MS and includes information
on the molecular weight and fragmentation ions peculiar to a given structure. The primary flaw of MS is its
inability to handle compound mixes. Tandem mass spectrometry (MS/MS) can assist with this problem to some
extent. Therefore, when HPLC and MS are interfaced, the very sensitive and structure-specific detection
capabilities of MS and the high-resolution separation skills of HPLC benefit each other. MS functions as an all-
purpose LC detector nearly flawlessly.
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1. INTRODUCTION

The first type of chromatography to be identified was liquid chromatography (LC), which was first applied in
the late 1890s by Russian botanist Tswett as a liquid-solid chromatography (LSC) method to isolate and
separate different plant pigments. His creation of coloured bands on the adsorbent bed gave rise to the word
"chromatography," which means "colour writing," to describe this kind of separation.A form of liquid-liquid
chromatography was created by Martin and Synge in the late 1930s and early 1940s. They used it to support the
stationary phase—in this case, water—on silica gel in the form of a packed bed in order to segregate specific
acetyl amino acids. They presented their findings in 1941 and recommended that, in order to promote quicker
phase transfer and increase separation efficiency, the liquid mobile phase be replaced with a suitable gas. Thus,
gas chromatography as a notion came to bel*). Martin and Synge proposed in the same 1941 publication that
high pressures and small particles be used in liquid chromatography (LC) to enhance separation. These two
crucial suggestions ultimately led to the invention of high-performance liquid chromatography. There are six
essential components of a basic liquid chromatograph. These include the pump and programmer, the data
processor, the column, the detector, the mobile phase supply system, and the sample injection valve™. High
Performance Liquid Chromatography (HPLC) is a crucial technology for the pharmaceutical and chemical
exploration and analysis of drugs and their metabolites in biological fluid samples and formulations®® !, The
primary goals of the HPLC process are sample isolation, inspection, analysis, and purification. Due to varying
substance partition coefficients, analytes are separated based on variations in the relative velocities of the mobile
and stationary phases through the column. Reverse phase-high performance liquid chromatography (RP-HPLC)
is generally utilised for most compounds®®”. Reverse phase, high performance liquid chromatography combined
with mass spectrometry is increasingly used for compound analysis™ 4. Liquid chromatography-mass
spectrometry (LC-MS/MS) has become an effective and frequently used technique in the research of
pharmaceuticals and the products of their metabolism because it offers good selectivity, sensitivity, and a fast
rate of analysis ™. Even at lower fixation levels, substances that need to be examined in liquid chromatography
can be readily separated and found using LCMS/MS detection? 2%, This can be accomplished using a variety
of ionisation processes, including air pressure-chemical ionisation (APCI), electro-spray, and atmospheric
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pressure-photo ionisation®.

Fig. 1: Block Diagram of the Basic Liquid Chromatograph

LC-MS/MS, is a combination of two selective techniques that makes it possible to separate and analyse the
analytes of interest in extremely complex mixtures: LC (HPLC, UPLC, or UFLC) and MS (mass spectrometer).
Today, LC-MS/MS has enormous potential for advancements in laboratory medicine and pharmaceutical fields,
particularly in the areas of therapeutic drug monitoring, endocrinology, toxicology, and metabolic analyses™”.
As a result, new tools such as hyphenated techniques are being used to develop quick and affordable analytical
methods™!. Since the 1990s, one of the most popular hyphenated techniques, LC-MS/MS, has significantly
advanced the field of quantitative bioanalysis due to its inherent specificity, sensitivity, and speed. It is currently
generally accepted as the preferred technique for measuring small molecule drugs, other xenobiotic
biomolecules, and metabolites in biological matrices.!*"]

2. LITERATURE REVIEW

Recovery is a tool that gives the analyst an assessment of how well the procedure cleaned and sufficiently
determined the analyte from the biological specimen, according to Barggio et al. (1996). He provided examples
of how the recovery should be adequate at all concentration levels, from lower to higher.

Many medicinal substances can be quantified using very affordable photometric and potentiometric
techniques.These techniques are used in the diagnostic sector, however method development and validation are
still costly, time-consuming, and labour-intensive processes.Chromatographic assay design is simpler, however
HPLC procedures are typically less practical and produce less accurate resultst.. Despite these limitations, High
Performance LLC-MS/MS seems to be a dependable technique. Sample analysis during drug discovery and
other phases of drug development can be made easier by developing LC-MS/MS methods quickly, validating
the methods, and then analysing research samples™ 3 With numerous uses in pharmacological, biological,
clinical, food, environmental, and molecular weight measurement, LC-MS/MS is a potent analytical method
" Throughout the whole drug development process, including drug discovery, preclinical development, clinical
development, and manufacturing, this technique has been extensively utilised for the quantification of numerous
pharmaceutical drug products (Bansal S. Et al., 2007; Ardrey E. Robert, 2003; Mike S. Et al.). According to a
comparative study of several analytical instruments used in bioanalysis by Bruins et al. (1987) and Fenn et al.
(1989), LC-MS/MS equipment with their varied models are best suited to meet the needs and satisfy the
intended expectations of bioanalysis!®.

According to Dadgar et al. (1995), tandem mass spectrometry is superior to single quadrupole™. They said that
compared to LC-MS analysis, the LC-MS/MS method of detection offers greater selectivity in detection. The
creation of methods, which entails assessing and standardising experimental parameters at various phases of
sample preparation (clean-up), chromatographic separation, detection, and quantification, is an essential initial
step towards the quantification of pharmaceuticals and their metabolites in biological matrix["?2. Furthermore,
it is necessary to investigate and reduce the effects of different circumstances and procedures encountered
during sample collection, sample pre-treatment, storage, and analysis on drug/metabolite quantification (Shah et
al. 1992). An estimate of the nature of the analytical problem, the required level of accuracy, the available
sample volume, the required concentration range, potential interfering substances, the number of samples, the
physicochemical properties of the analyte of interest, and the sample matrix are among the crucial factors that
must be taken into account when beginning the development of a method (Skoog et al. 2007). According to
Pranay Wal et al. (2010), developing a method necessitates a thorough review of the literature to learn about the
physiochemical characteristics of the drug (analyte/metabolite), including its molecular weight, molecular
formula, functional group, polarity, pKa, LogP, ionic character, and solubility. Setting up chromatographic
settings and an extraction process that can separate a drug of interest from biological matrix components is the
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primary goal of method development™®. Significant peak resolution, a high signal to noise ratio, precision,
accuracy, specificity, and sensitivity are the goals of analytical techniques (USFDA, 2005). There are multiple
processes involved in the quantitative determination of pharmaceuticals and their metabolites in biological
matrices, from sample collection to the final report of results’?). These procedures often involve preparing the
sample, storing it, identifying it, and quantifying the analyte. (ICH Q2 B, Geneva, 1996).

The process of creating recorded proof of a technique's accuracy, precision, and suitability for its intended use is
known as bioanalytical method validation, or BMV!. Method of Bioanalysis The creation, assessment, and
interpretation of results from studies on bioavailability, bioequivalence, pharmacokinetics, and toxicokinetics
are greatly influenced by the validation used for the quantitative determination of pharmaceuticals and their
metabolites in biological fluids. Regulatory filings are often supported by these findings. As a result, it is critical
that pre-established guidelines for the validation of analytical procedures be shared with the pharmaceutical
community(Taleuzzaman M. et. al., 2015).

3. Methodology Of Development Of A Lc- Ms/Ms Method

Sample Preparation —Because biological matrix samples are usually not immediately suitable for LC-MS/MS
analysis, sample pretreatment is required. This has traditionally been achieved through the use of solid-phase
extraction (SPE), liquid-liquid extraction (LLE), or protein precipitation (PPT) techniques. A crucial component
of quantitative bioanalysis is adequate sample preparation, which frequently results in bottlenecks during high-

throughput analysis.
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Fig. 2: Schematic Representation of Sample Preparation

Protein Precipitation Technique (PPT):Plasma sample bioanalysis commonly uses PPT sample preparation.
The process of extracting proteins from biological matrix is very straightforward. Proteins in biological matrix
are precipitated using organic solvents, inorganic acids, trichloroacetic acids, perchloric acids, acetonitrile, and
methanol. After that, the mixture is centrifuged to get rid of the denatured proteins. Clear supernatant is either
directly put into LC-MS/MS after centrifugation or after drying and reconstitution.While the extraction process
is efficient and fast, there are numerous matrix interferences in the sample that can build up in the column and
cause obstructions. Periodic system cleaning and ion augmentation or suppression are also necessary.
Nevertheless, when supernatant from a plasma sample is examined using PPT, endogenous material and salts
are still present. lon suppression or enhancement follows from this, increasing sample-to-sample variation.
Liquid Liquid Extraction (LLE):The process of separating compounds in two distinct immiscible liquids—
usually water and an organic solvent—based on their relative solubility and differential polarity is known as
liquid liquid extraction, or LLE. Since the drug must be in a unionised condition for extraction to take place, the
pH of the sample must be changed.A solvent's ability to dissolve in water is a critical component used in this
application. The most common solvents used to increase solvent strength include ethyl acetate, methylene
chloride, pentane, methyl tertiary butyl ether (MTBE), butyl chloride, hexane, petroleum ether, and chloroform.
The actual sequence could vary depending on the parameters used to calculate solvent strength. To extract the
medication from the aqueous phase without eliminating closely related endogenous chemicals, the solvent's
polarity should ideally be sufficient. It's also critical to take solvent toxicity, density, and volatility into
account.To get rid of interferences from the sample, it may occasionally be necessary to back extract the
chemicals or perform several extractions. Although it is less expensive than solid phase extraction, the process is
laborious and time-consuming because it necessitates drying and then reconstitution. For the separation and
concentration of comparatively hydrophobic substances, LLE is an easy-to-use and effective technique. Certain
polar chemicals cannot be obtained as a clean, matrix-free sample using this extraction procedure.

Solid Phase Extraction (SPE):Analytes are bonded to solid materials in SPE cartridges, interferences are
removed, and the analyte is selectively eluted using this selective method of sample preparation. Due to many
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distinct possibilities of sorbents, SPE is a very effective approach. Conditioning the cartridge, loading the
sample, cleaning the cartridge, and then eluting the analyte are the four processes of SPE. To moisten the
packing material, activate functional groups, and remove air and contaminants from the cartridge, the SPE
cartridge is first conditioned by running a solvent through the sorbent. Acetonitrile and methanol are typical
solvents used in reversed-phase SPE. A buffer is added after the organic solvent to ensure compatibility with
aqueous samples. Next, the cartridge is filled with the sample that contains the analyte. The analyte and some
matrix elements are kept in this stage, while other elements flow through. Interferences are eliminated during
the wash stage, but the analyte is left behind. Lastly, a solvent that can sabotage the contacts between the analyte
and the sorbent is added to elute the analyte from the sorbent. The eluent should ideally be free of any
interferences. Frequently, evaporation and reconstitution are carried out to concentrate the analyte and move it
into a solvent that is better suited for the chromatographic conditions.

Chromatography:In essence, it is the process of separating compounds based on variations in the equilibrium
distribution, or distribution coefficient, of sample components between two distinct phases. There are two stages
involved, one of which is movable and the other stationary. Liquid chromatography (LC) and liquid
chromatography combined with other techniques like mass spectrometry (LC-MS) are the two types of liquid
phase chromatography procedures.

Mass Spectrometer:The mass spectrometer is a widely used analytical instrument with exceptional sensitivity
and selectivity. lonising molecules is the fundamental process of a mass spectrometer. The molecules are then
sorted and identified according to their mass-to-charge (m/z) ratios. The three primary components of a mass
spectrometer are detectors, mass analysers, and ion sources.

lon Source:lons are created at the interface between LC and MS, which is referred to as the "ion source," when
the LC eluent evaporates. Many interface types are commonly used in mass spectrometers, including thermo
spray ionisation, electrospray ionisation (ESI), atmospheric pressure chemical ionisation (APCI), atmospheric
pressure photo ionisation (APPI), and atmospheric pressure ionisation (API).

Mass Analyser:After ionisation in the ion source, the ions are sorted in a mass analyser based on their mass to
charge (m/z) ratio. The Fourier transfer ion cyclotron resonance (FTICR), quadrupole mass analyser, time of
flight, and ion trap are the most widely used mass analysers.

Detectors: After being screened by the mass spectrometer and produced in the ion source, the ions must be
identified and converted into a signal. The detector is an essential part of a mass spectrometer because it
generates current proportional to the number of ions that hit it.
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Fig. 3: Diagram of Mass Spectrometry

The analytical method was validated in compliance with various regulatory guidelines, confirming its
selectivity, sensitivity, specificity, matrix effect, lon suppression and enhancement through infusion, carry over,
linearity and goodness-of-fit, accuracy & precision, blood stability, stability in plasma and solutions, recovery,
reinjection reproducibility, and dilution integrity.

Selectivity and Isotopic Interference: The capacity to distinguish and measure the analytes in the presence of
other sample constituents is known as selectivity. Proof that the material being quantified is the intended analyte
must be shown. Analyses of blank samples of the pertinent biological matrix, such as urine, plasma, or another
matrix, should be available from at least six sources. Each blank sample must be examined for interference, and
selectivity at the lower limit of quantification (LLOQ) must be ensured.

lon Suppression and Enhancement Through Infusion: The matrix is made up of a variety of substances
(such as proteins, ions, and amino acids). Because of different endogenous chemicals, the LC eluent entering the
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MS can suppress and enhance the MS signal (ion suppression and enhancement).As a result, ion suppression
and enhancement brought on by an ineffective extraction technique may obstruct the identification of the
analytes in samples. It is necessary to ascertain the impact of the extracted various blank matrix lots (for the
matrix under analysis) on the variability of the electrospray ionisation response during the analyte and internal
standard retention times.

Matrix Effect: It is analysed to determine whether the matrix has any unfavourable effects that could result in
chromatographic peak tailing, retention time drift, ion suppression or enhancement, sensitivity changes, elevated
baseline, or imprecise results. The matrix factor, or the ratio of the peak response with matrix ions present to the
peak response without them, was used to compute quantitative estimates of the matrix effect.Check for
contamination and carry-over to assess the possibility of carry-over through autosampler and in-process
contamination, the chromatographic system (i.e., washing solution) was examined for the likelihood of in
process contamination (i.e., from mobile phase, processing solution, chemicals, and apparatus). The top limit of
the quantitation sample was injected both before and after the blank sample.

Sensitivity: The method's sensitivity is the lowest analyte concentration that can be measured with a sufficient
degree of accuracy and precision.

Linearity and Goodness-of-fit:The estimation of goodness of fit was performed using the three batches of
precision and accuracy. The best fit for the regression was found by taking into account the concentrations of
calibration curve standards that were back-calculated using 1/x and 1/x2 weighing. The calibration curve's
linearity was demonstrated using a correlation coefficient (r2) as a standard.

Re-injection Reproducibility: The purpose of the experiment was to prove that the repeatability of the results
is unaffected by the reinjection of samples that were maintained in the auto sampler at a regulated temperature.
Re-injection repeatability was achieved by reinjecting an entire precision and accuracy batch after it had been
stored in the auto sampler for the predetermined amount of time at the predetermined temperature after the
original batch's last injection.

4. Research Opportunities And Recommendations

LC-MS/MS is evolving at a rapid pace, with sensitivity almost doubling annually. The advent of novel ion
sources or faster and more sensitive techniques for gathering many SRMs in a single run for triple quads are the
two factors contributing to this increase in sensitivity, which will lead to better analysis. Novel features such as
ion mobility are expected to yield improved detection specificity. It is reasonable to expect significant
improvements in both sensitivity and specificity from more sophisticated sample preparation techniques (like
IAC and MIP-SPE) or multi-tagging and plexing strategies to increase throughput, in addition to the increase in
sensitivity and selectivity brought about by instrumental innovation. Clinical laboratories are expected to use
LC-MS/MS due to the availability of kits with pre-measured and ready-to-use chemicals. The majority of LC-
MS/MS experiments currently focus on a single component. Enhancements in sample preparation and increased
sensitivity would greatly enhance our comprehension of pathophysiological processes by allowing for the
profiling of metabolically linked chemicals.

5. CONCLUSION

The advent of novel ion sources or faster and more sensitive techniques for gathering many SRMs in a single
run for triple quads are the two factors contributing to this increase in sensitivity, which will lead to better
analysis. Novel features such as ion mobility are expected to yield improved detection specificity. It is
reasonable to expect significant improvements in both sensitivity and specificity from more sophisticated
sample preparation techniques (like IAC and MIP-SPE) or multi-tagging and plexing strategies to increase
throughput, in addition to the increase in sensitivity and selectivity brought about by instrumental innovation.
Clinical laboratories are expected to use LC-MS/MS due to the availability of kits with pre-measured and ready-
to-use chemicals. Currently, most LC-MS/MS experiments concentrate on a single component. Improvements in
sample preparation and sensitivity would enable the profiling of molecules connected to metabolism, which
would significantly improve our understanding of pathophysiological processes.
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