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Analytical methodologies are critical throughout the medicine development process,
including marketing and post-marketing studies. The advancement of bio-analytical techniques
has resulted in a dynamic field with many exciting potentials for further advancement in
the future. Bio-analysis is commonly utilised in the pharmaceutical drug development of
drug's and its metabolites' quantitative levels. The goal is to undertake pharmacokinetic and
pharmacodynamic studies, as well as kinetics, toxicokinetics, bioequivalence, and exposure
studies. Bioanalytical research employs a variety of bioanalytical techniques, including
new instrumental techniques, separation techniques, and ligand-Indused test. This study
emphasizes the importance of bio-analytical techniques and hyphenated devices in evaluating
drug bio-analysis and the role of several current bio-analytical techniques such as LC-Mass,
HPLC-PDA, UPLC-Mass spectroscopy, HPTLC, LC-Tandem, AAS, ICP-Mass.etc., and their recent
modernization in drug analytical and bio-analysis investigations
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Bio-analysis is a important step in
the development and research of medications.
Pharmaceutical research organizations must
construct thorough bio-analytical techniques during
the medicine discovery and development process.
During the creation of novel pharmaceuticals,
bioanalysis is now commonly used in toxicological
testing, as well as pharmacokinetic and
pharmacodynamic research. Bioanalytical method
validation can also be used to detect a range of
analytes quantitatively in biological matrices. In
current bioanalytical procedures, a robust sample
preparation and modern instrument methods are
required. The bioanalytical technique procedure
includes selection, processing conditions, testing,
standardization, data evaluation, and reporting.
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In regulatory bioanalysis, Method validation is
also required to ensure the accuracy of the used
technique and to assist the licencing of novel drugs
or biologic drugs.

Why plasma?

In bioanalysis, plasma is the most
important and often utilised biological fluid.
Compared to other biological matrices, plasma
has various advantages. including the fact that
it’s easily accessible, inexpensive, and provides
an accurate indicator of drug concentration in the
blood. If the drug concentration in the blood is low,
plasma is favored above any other matrix. Plasma
has the highest rate of recovery of any matrix. One
of the best matrices is plasma.to employ if the
treatment has a strong protein binding capability.
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Because the sample size in animal studies is so
small, assessing plasma drug concentration is the
preferred method. Plasma has a significant edge
versus serum in this regard a sample is less likely
to be lost in plasma. Blood is centrifuged with
anticoagulant and the supernatant is collected to
obtain plasma. When entire blood gets collected
in anticoagulant-treated tubes, plasma is formed.!
For estimating and measuring pharmaceutical
substances in various biological matrices, a number
of detection techniques have been published.
Plasma, urine, serum, cerebrospinal fluid (CSF),
tissue, and other biological matrices all have
their own criticality when it comes to sample
preparation in Bioanalysis. The goal of this study
is to assess drug sample analysis in plasma and
develop practical methodologies for research in
pharmacokinetics, toxicology, availability of drug
in blood stream, and biopharmaceutical studies For
the assessment of pharmacological compounds in
various biological matrices, a variety of detection
approaches have been reported. When it comes to
sample preparation in Bioanalysis, plasma, urine,
serum, cerebrospinal fluid (CSF), tissue, and other
biological matrices all have their own criticality.
Modern analytical techniques in bioanalysis
Separating a pure component from a
mixture are among the most basic analytical
methods. is chromatography. There are so many
separation techniques each has its own set of
uses, as well as advantages and disadvantages.
Amoung that HPLC is is the most extensively
used chromatographic process. Initially, detection
was achieved using liquid chromatography
with an ultraviolet detector (LC-UV), but mass
spectrometry was subsequently used to upgrade
the method (MS).? Because pharmaceutical
medications are non-volatile, thermolabile, and
polar, they are not suited for gas chromatography
(GC). UV, fluorescence, and electrochemical
detection are the most prevalent LC detection
methods. Although fluorescent and electrochemical
detections are more sensitive and selective than
UV detections, they are limited to molecules
containing fluorescent or electroactive groups or
need derivatization.® Mass spectrometry (MS)
and off-line LC-MS have been used in qualitative
analysis for many years. Sample preparation,
chromatography, and detection are the three
main components of bioanalytical, quantitative

LC-MS investigations. The factors described
above have an impact on the analytical method’s
reliability, reproducibility. On-line LC-MS for
quantification was difficult prior to the 1980s,
when atmospheric pressure ionization (API)
techniques (e.g., atmospheric pressure chemical
ionization (APCI) and electrospray ionization (ESI)
were established. Ion-spray (ISP; pneumatically
assisted ESI with an additional hot drying gas
perpendicular to the spray), turbo ion-spray (TISP;
pneumatically assisted ESI with an additional
hot drying gas perpendicular to the spray), and
heated nebulizer (HN)-APCI have all improved
LC-MS interfaces significantly in recent years
(pneumatically aided APCI). LC-MS is a well-
known, commonly utilized, and well-recognized
bench-top technology in the field of pharmaceutical
analysis.* Liquid chromatography (LC) and tandem
mass spectrometry (MS/MS) have been used in
drug bioanalysis for a long time. In bioanalytical,
LCMS/MS is employed. The fundamental purpose
of chromatography is to separate analytes from
matrix components rather than other analytes,
internal standards, or potential metabolites.
Co-cluting peaks do not interfere with analyte
identification because of the MS’s selectivity, but
they can cause ion suppression. For this separation,
short LC columns are usually sufficient, resulting
in much reduced run times. The most common
positive ionization LC-MS/MS additions are
ammonium acetate, ammonium format, acetic
acid, and formic acid. Negative ionization studies
can benefit from the use of ammonium hydroxide.*
In chromatography, additives are used to help the
process, but they are also required for ionization.
HPTLC is a type of analytical techniques TLC
that uses high-performance polymer surfaces and
development chambers. It usually needs systematic
procedure invention, optimization, documentation,
and deployment. Both qualitative and quantitative
modalities are available, the HPTLC technique
is used to separate compounds in mixtures,
with the method of quantification working
in a standardized protocol manner, making it
suitable for compound assays in samples.> Atomic
spectrometry and atomic mass spectrometry (MS)
are the most powerful element detectors (e.g.,
ICP-MS). However, because materials are added
for atomization, excitation, and even ionisation,
no molecular information can be recovered
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Several groups involved in the field of atomic
spectrometry and atomic mass spectrometry have
recently focused their efforts on developing new
bioanalysis approaches, either directly or indirectly.
Researchers are still fascinated by aspects of atomic
spectrometry and atomic mass spectrometry for
determining total metal concentration in biological
samples. Some of the other techniques are CE-
UV (capillary electrophoresis with an ultraviolet
detector), CE-LIF (capillary electrophoresis with
a laser-induced fluorescence detector), GC-MS
(gas chromatography—mass spectrometry), IR
(infrared spectroscopy), and Raman spectroscopy®.
Analytical methodology advancements would
improve in the knowledge of basic biological
processes. The research was published in peer-
reviewed journals in a variety of fields, medicine,
pharmacy, and chemistry are only a few examples.
This page contains publications that look at
quantitative bioanalysis of pharmaceutical drugs
utilising a variety of bioanalytical techniques, such
as HPLC-UV, LC-MS, LC-MS/MS, HPTLC, AAS,
and ICP-MS, to name a few. (see fig.1).

Sample Treatment

By increasing the concentration of the
analyte in the sample, procedure’s sensitivity
is improved by sample treatment. The
physicochemical properties of the drug, the type
of matrix used, and the detecting technology
used all influence the therapeutic method. For
various matrices, such as blood, peripheral blood
mononuclear cells (PBMC), cells, and tissues,
a variety of sample preparation processes are
used. A scientist must remove matrix and other
interferences from a sample. The most usual sample
preparation methods are protein precipitation
(PPT), liquid-liquid extraction (LLE), and solid
phase extraction (SPE) (SPE). In each of the three
therapies, different recovery procedures are used.
Analyte recovery in the matrix is determined by
the distinction between the two areas of extracted
samples and unextracted standard. SPE is more
effective than the other two procedures in terms of
recovery, but it is also more expensive. Because it
can extract non-polar medicines from the matrix
utilizing organic immiscible solvents such ethyl

Fig.1. Analytical techniques commonly used in bioanalytical studies
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acetate, diethyl ether, tertiary butyl methyl ether,
and hexane, LLE is effective for extracting non-
polar pharmaceuticals from the matrix. When
the analyte of interest is detected in urine, PPT

is typically employed. The sample preparation effects of interferences and matrices.’
techniques were chosen because they were simple

Table 1. Validation of bioanalytical methods in the United States is governed by FDA rules. [13]

124

to use, inexpensive, and long-lasting. Clean-up
is crucial when only a little amount of a material
needs to be detected since it enhances recovery and
sensitivity. The efficacy of clean-up influences the

Bioanalytical validation methods

US FDA guidelines

Selectivity (specificity)

Accuracy

Precision

Recovery

Calibration curve

LLOQ

Freeze—thaw stability

Short-term stability

Long-term stability

Stock-solution stability

QC samples

At least six sources should be employed to obtain blank samples

of the suitable biological fluid. At the LLOQ, each blank will be verified
for contamination and selectivity.

At least six concentration measurements should be conducted. For
accurate concentration determination, at least three levels in the
predicted range are advised. With the exception of LLOQ, where it
should not differ by more than 20%, An average must be 15% of the
total amount. The accuracy is determined by taking the mean of

the true values.

A minimum of five measurements per concentration has to be used to
estimate precision. At least three concentrations should be tested within
the predicted range. With the exception of the LLOQ, where it should
not exceed 20% of the CV, At any concentration level, the precision
determined must n’t reach 15% of the CV.

Recovery experiments should be carried out at three concentrations
low, medium, and high levels with 100% recovery.

The LLOQ), a blank sample (without internal standard), a zero sample
(with internal standard), and eight non-zero samples encompassing

the expected range should be given.

The analyte response should be five times the blank response as
compared to a blank response.

The stability of the analyte should be tested after 3 freeze—thaw cycles.
After being held at the appropriate storage temperature for 24 hours, at
least three aliquots of each of the low and high concentrations should
be frozen and thawed at room temperature. Refreeze for 12—-24 hours
under the same circumstances once completely thawed. This process
should be performed twice more, after which the 3™ cycle should be
analysed. The standard deviation of error, according to experts,

should be around 15%. If the analyte is unstable, freeze it three

times at -60°C.

Deftrost 3 aliquots of each low and high dose and keep them at room
temperature for 4-24 hours before testing. The difference in percentage
should be less than 15%.

Under the same conditions as the study samples, at least 3 aliquots

of low and high concentrations were prepared. Three different analyses
should be performed. The time interval between the first and last
sample collection should be longer than the time interval between them.
Drug stock solutions and internal standards should be tested for at
least 6 hours at room temperature. The difference in percentage

should be less than 15%.

Each assay run should comprise Quality control samples in triplicate
at 3 concentration levels. A minimum of four out of every six numbers
must be within 15% of the nominal value. At any given time,

two of the six might be outside the 15% range, but not both. [14]
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Liquid-liquid extraction

For extracting analytes from biological
materials, the LLE method is well-known. It
distinguishes between polar and non-polar liquids
in a matrix. LLE employs two immiscible stages.
The sample instantly distributes between the polar
and non-polar phases based on its affinity. The
phases are separated after mixing by centrifugation,
freezing, or a semi-permeable barrier. The non-
polar phase is chosen based on the solubility and
polarity of the sample. The extraction capability
of a solvent can be modified by combining it with
a different lipophilicity solvent. One of LLE’s
main weaknesses is the lack of automation. A
semi-automated process with automation in liquid
handlers is being utilised to separate the two stages.
It’s trustworthy and produces a pure sample. LLE
frequently achieves more than 80% recovery when
an effective extracting solvent is used.?
Protein precipitation

PPT is a process that occurs when a
protein entity reacts with a solvent. Exposing
a protein to acidic or alkaline conditions can
change its ionisation state. Concentrated salts
can reduce a protein’s solubility by modifying its
hydration state. The hydration state of proteins is
altered by a variety of detergents, as well as non-
polar solvents and salts. PPT is used to remove
bigger protein groups from biological matrices
before testing medicines. Using a water-miscible
organic solvent with the PPT method is one way
to decrease analyte loss. How much protein was
extracted is determined by the amount of solvent
utilised. Protein precipitates can occur when food
is refrigerated.’
Solid phase extraction

In comparison to LLE and PPT, SPE
is a more advanced approach. Small laboratory-
made columns were utilized in the past, but the
technology was not widely accepted. As full
cartridges became available, this method gained
popularity. In these cartridges, silica is filled with
stationary phase, just like in chromatographic
columns. This approach determines the affinity
of an analyte for the stationary phase in the same
manner as chromatography determines the affinity
of an analyte for the stationary phase. SPE provides
a number of advantages over other extraction
processes. Automation, Increased extraction
efficiency, the use of less solvent quantities, the

availability of a variety of stationary phases for
different types of analytes, and simultaneous clean-
up are just a few of the benefits. When it comes to
selecting the correct SPE equipment, the volume
of sample, contaminants, matrix complexity, and
analyte concentration all play a factor.'
Bioanalytical method development and
validation

In regular sample analysis, there are two
phases for creating, validating, and applying a
specific bioanalytical method.
* Developing a bioanalytical method and an assay
protocol, as well as calculating analytical run
and/or batch requirements and using a validated
bioanalytical method for routine drug analysis are
all tasks that need to be completed. "
Terminology
Validation

The concise definition of bioanalytical
method is likely to change multiple times over the
standard drug development procedure. Multiple
levels of validation are necessary to verify that an
assay’s performance is still valid after evolutionary
changes [e.g., adding a metabolite, reducing
the quantification’s lower limit] (LLOQ). Full
validation, partial validation, and cross-validation
are the three levels/types of method validations.'
Full validation

Validation in its entirety complete
validation is essential when developing and
deploying a bioanalytical method for the first time
for a novel medicinal drug. If metabolites are added
to an existing mixture for quantification, the test
must be adequately validated for all analytes.
Partial validation

Partial validation, according to the
researchers, is the demonstration of assay reliability
after modifying an existing bio-analytical method
that has already been thoroughly validated. The
level of validation required will be determined by
the nature of the modification.
Cross-validation

The brief definition of bioanalytical
method is likely to change multiple times during
the standard medication development process.
Multiple levels of validation are required to
demonstrate that an assay’s performance remains
valid after evolutionary changes [e.g., adding a
metabolite, lowering the quantification’s lower
limit] (LLOQ). There are three levels/types
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of method validations: full validation, partial
validation, and cross-validation.'?
Analysis of Pharmaceutical Drugs Using
Different bioanalytical techniques
HPLC-UV

Table 2 summarizes the various
chromatographic settings utilized in HPLC-UV
bio-analytical procedures. S.H. Gan et al. devised
an HPLC-UV technique for detecting tramadol in
spiked plasma, using the LLE extraction procedure
and a Lichrosorb RP-18 column for separation. The
mobile phase in isocratic mode is a 30:70 (v/v)
mixture of acetonitrile and phosphate buffer. With
a detection range of 10 to 2000 ng/ml and a 98.63
percent recovery rate, the approach is linear. The
intra-day accuracy was 87.55 percent to 105.99
percent, while the inter-day accuracy was 93.44
percent to 98.43 percent. '* N. Lindegardha et al.
created a technique for simultaneously identifying
lumefantrine and desbutyl-lumefantrine in spik
plasma using SPE. The SB-CN column was used
to separate the samples. The mobile phase was
a 55:45 (percent v/v) mixture of acetonitrile—
phosphate buffer and sodium perchlorate 0.05
M. The quantification limits for lumefantrine
and desbutyl-lumefantrine had 0.024 and 0.021
gram/ml, respectively.'® Akhlaghi et al. devised a
method for quantifying iohexol in human plasma.
The analyte was extracted from plasma samples
using Protein Precipitation. A Bondapak C18 was
kept at 30°C was used to for chromatographic
separation. In Gradient mode, the mobile phase
was a combination of Acetonitrile and water. A
dual wavelength UV detector set to 254 nm was
used to detect iohexol.'"” Kong et al. developed
a method for detecting dibenzoylmethane in rat
plasma using LLE pretreatment. A Phenomenex
Gemini Cl18column was used to separate the
materials. The mobile phase in gradiant mode
was made up of water, methanol, and 0.1 percent
Trifluoroacetic acid.'® Srinubabu and his colleagues
employed LLE as an extraction method and a
zorbax octadecylsilane column for separation
to develop a method for quantifying Efavirenz
in plasma. The mobile phase is isocratic elution
must be acetonitrile—-phosphate buffer (pH 3.5).
The reaction was linear in concentration of 0.1
—10 ng/ml." Zzaman et al. devised a method for
quantifying Fenofibrate in spiking human plasma.
On a Lithosphere 60 RP C18 silica column,

the isocratic mobile phase comprised of buffer
(pH 6.0) and ACN 70:30 (% v/v). The method
response was linear in spiking human plasma over
a concentration range of 0.095 to 19.924 g/ml. [20]
Fortuna et al. found carbamazepine, oxcarbazepine,
eslicarazepine, and their metabolites in human
plasma. SPE was used for extraction, and a
LiChroCART C18 column was used for separation.
The elution mobile phase was 62:32:6 water—
methanol—acetonitrile (%v/v/v). Carbamazepine,
oxcarbazepine, and eslicarazepine are all types of
carbamazepine. The linearity of CBZ-E, transdiol,
and licarbazepine was studied Using six different
concentrations of calibration standards within the
prescribed plasma concentration. Pal et al. Using
the LLE methodology as a pretreatment, they
created a method for determining the quantities
of zidovudine, lamivudine, and nevirapine in
human plasma.?! A Hypersil BDS C18 column
was used to separate the samples. The mobile
phase was a 40:60 (percent, v/v) mixture of 1 %
buffer, acetic acid and methanol. For zidovudine,
lamivudine, and nevirapine, the method was
linear over concentration ranges of 50-3000,
50-2000, and 10-3000 ng/ ml, with lower limit of
quantifications (LLOQ) of 50, 50, and 10 ng ml-1,
respectively. The established and verified method
was used to effectively complete pharmacokinetic
research with 12 healthy human subjects.”> In
2012, Sonawane et al. devised an LLE extraction
method to measure eplerenone in human plasma.
a 50:50 (% v/v) acetonitrile: water mobile phase
was employed for chromatographic separation. In
the range of 100-3200 ng/ml, the calibration curve
was linear.” Zheng et al. devised a way for figuring
out erlotinib and vemurafenib concentrations
in cancer patients’ plasma. A C8 Xterra MS
column was used to achieve chromatographic
separation. In the mobile phase, glycine buffer
and acetonitrile were combined 45:55 (percent,
v/v). Erlotinib and vemurafenib were identified
using a spectrophotometry with two wavelengths
of 240 nm and 328 nm, respectively.’* Aatif et al.
used LLE as the extraction method to establish
a method for quantifying Glipizide in spiking
human plasma. With an isocratic mobile phase
of buffer and CAN 65:35 (% v/v) adjusted to pH
4.25, a ZORBAX ODS C18 silica column was
employed. The method response in spiking human
plasma was linear over a range of 50- 1600 ng/
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Table 5. Bioanalytical methods for the analysis of drugs in plasma by AAS

Compound Analytical LLOQ hollow Calibration Ref

Technique cathodelamp Range

wavelength

NAMI-A AAS 0.85 uM 349.9 nm 1.1-220 uM 74
IM216 AAS 10 ng Pt/ml 265.9 nm 10-150 ng pt/ml 75
AP5280 AAS 0.250 pmol/1 265.9 nm 0.250-5.00 umol/1 76
Oxaliplatin AAS 0.5 umol/l 265.9 nm 0.5-400 pmol/l 77
Cisplatin, ICP-MS 75.0 ng/1 75.0- 10000 ng/1 78
carboplatin, and
oxaliplatin
Strontium AAS 0.2 pg/ml 460.7 nm 0.2to 10 pg/ml 79
Cisplatin AAS 10 ng Pt/ml 265.9 nm 10-160 ng Pt/ml 80
Cisplatin ICP-AES 0.375 pg/ml 195 nm 0.375 - 15 pg/ml 81

ml. Precision and accuracy scores were less than
15% intra-day and inter-day.”® Ahmadkhaniha et
al. used LLE as an extraction technique to create
a method for quantifying captopril in human
plasma. Captopril and 2-propene-1-thiol (internal
standard) are derivatized in the pre-column
using the new reagent 2-naphthyl propiolate.
The chromatographic separation was carried out
on a C-18 column with a mobile phase of 75:25
(percent, v/v) Methanol: phosphate buffer (pH
8.0). Throughout the calibration range, RSDs
of 5.9-12.4 percent (accuracy from 97.5 to 93.6
percent) and 6.4—12.8 percent (accuracy from
97.3 to 95.2 percent) for intra- and inter-assay,
respectively, were satisfactory.”® Mannemala et
al. used PPT to develop a method for assessing
Aliskiren and Amlodipine in plasma at the same
time. The Hibar C18 column is used to separate
the samples. A 60:40 (percent v/v) acetonitrile—
phosphate buffer combination served as the mobile
phase (pH 6.0).” Charbe et al. devised a method
to assess an antivirals in HIV-positive patients’
in 2016. SPE was used for extraction, and an
XBridge C18 column was used for separation.
In the mobile phase, ACN and acetate buffer at
pH 5.4 were utilised at a flow rate of 1 ml/min. A
gradient elution was used. The PDA detector was
used to detect at 260 nm.? Loregiana developed a
SPE-based approach for measuring Daclatasvir in
spiked human plasma. On an XTerra RP18 silicon
column, the isocratic mobile phase was a 44:56
(% v/v) mixture of ACN and acetate buffer (pH
5.0, 10 mM). Test results ranged from 2.6 to 5.5
percent intraday and 3.8 to 8.9 percent interday,

respectively. Precision and accuracy scores were
less than 15% intra-day and inter-day.”’ Hidau et
al. devised a method for quantifying talazoparib
in rat plasma using a Luna C18 column as an
extraction method and PPT as a separation
method. In the mobile phase, isocratic elution of
methanol: water in a 60:40 ratio and acetonitrile:
water in a 65:35 ratio occurred. A UV detector
with a 227 nm wavelength was used. The entire
chromatographic runtime was ten minutes.** Mei et
al. developed a method for measuring lamotrigine,
oxcarbazepine, and its metabolite 10,11-dihydro-
10-hydroxycarbazepine in plasma using PPT in
2019. The Acclaim C18 Column is used to separate
the samples. Potassium dihydrogen phosphate
buffer (50 mM) and methanol 61:39 (percent v/v)
make up the mobile phase. The calibration range for
lamotrigine, oxcarbazepine, and its metabolite was
2.4 to 120 mg/L.*' Ameeduzzafar et al. developed
an LC research for dapaglifiozin in rat plasma
using PPT as the extraction procedure. An isocratic
mobile phase of 70:30 (percent, v/v) acetonitrile
and water was used with an RP C18 silica column.
The technique response is in the concentration
range of 10-1200 ng/ml. It was discovered that
the extraction recovery rate was between 95.09
and 98.98 percent.*
LC-MS

For detecting the enantiomers of warfarin
(WAR) in human EDTA plasma, Naidong et
al. devised an LC-MS/MS technique (R-WAR
and S-WAR). In the extraction process, LLE
was used, and in the column, -cyclodextrin was
used. A 1000:3:2.5 combination of acetonitrile,
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acetic acid, and triethylamine served as the
mobile phase (v:v:v). In the mass spectrometric
analysis, ionisation was done in negative mode
with ESI and detection was done with MRM.*
In human plasma, Souppart et al. developed an
LC-MS method to detect artemether and its active
dihydroartemisinin metabolite. A LLE is used in
this method. The mobile phase was acetonitrile
glacial acetic acid 0.1 percent 66:34 (percent,
v/v) for chromatography on a C reversed-phase
column. The technique response was linear over
the concentration range of 5-200 ng/ml. APCI
was utilised for ionisation and SIM was employed
for detection in the mass spectrometric analysis.**
Woodet al. developed an LC-MS/MS method for
amphetamine, methamphetamine, and ephedrine
in human plasma and oral fluids. PPT was used
for extraction, and a Hypersil BDS C18 column
was used for separation. A premixed mobile
phase with 10mM ammonium acetate and 75:25
(% v/v) acetonitrile was used for elution.* Alali
et al. developed a liquid chromatography-mass
spectrometry method for determining the total
quantity of ketotifen in human plasma (unchanged
and conjugated). LLE was used for extraction, and
reverse phase gradients with switching columns
were used for chromatography. In gradient mode,
the mobile phase is a 0.01M ammonium acetate
and methanol combination. The technique response
was linear for the concentration range of 0.5-20
ng/ml. Liang et al. devised a method for detecting
Telmisartan in human plasma using LC-MS. The
extraction technique used in this operation is a
PPT. The chromatography was done on a Hypersil-
K’eystone C18 reversed-phase column with a
mobile phase of acetonitrile—-10mM ammonium
acetate 42:58 (percent, v/v). The technique’s
response was linear at a concentration range of
1-2000 ng/ml. In the mass spectrometric analysis,
ESI was used for ionisation and SIM was used for
detection.’’

Lianget al. developed an LC-MS method
for quantifying indapamide in human plasma that
utilised the LLE method of pretreatment. A Shim-
pack C18 column was used to separate the samples.
In gradient mode, a 0.1M acetate and methanol
combination was utilized as the mobile phase. The
mass analysis was performed using a quadrupole
mass analyzer in SIM mode and the ESI interface
in negative ionization mode.* Yang devised an LC-

MS/MS method for determining the concentration
of Daunorubicin in rat plasma. The separation
column was a Thermo Finnigan Beta Basic phenyl
C18 column, and the extraction process was PPT.
The mobile phases in gradient elution mode were
acetonitrile and water, each of which contained
0.1 percent formic acid. The technique response
was linear in 0.25 - 100 ng/ml concentration.
For mass analysis, ESI in positive mode was
used.*” For Deoxyschizandrin measurement in rat
plasma, Kaishun Bi et al. established an LC-MS
technique employing LLE and separation with an
Elite Hypersil C18 column with a mobile phase of
methanol and water 84:16 (percent v/v) in isocratic
mode. The mass spectrometer employed APCI in
positive ion mode by selecting ion monitoring
(SIM) mode.*

Mullangi et al. used LC-Tandem to detect
Pramipexole in human plasma. In this approach,
a SPE is used as an extraction technique. The
mobile phase was 0.01M ammonium acetate
(pH 4.4) - acetonitrile 30:70 (percent, v/v) and
chromatography was performed on a Discovery
CN column. The technique response was linear
for the concentration range of 20-3540 pg/ml. [41]
In 2010, Silvestro et al. developed an LC-MS/MS
technique to detect clopidogrel in human plasma
using PPT. The chromatographic separations were
performed using Ascentis RP-Amide, Ascentis
Express C8, and Ascentis Express RP amide
reversed phase columns. For this 3 method, the
gradient elution mobile phase is made up of
methanol and water, both of which contain 0.1
percent formic acid. The technique is linear at
values of 5-1800 pg/ml.*

Macwan et al. established an LC-Mass
Mass method for measurement of atorvastatin and
its acid and lactone metabolites in human plasma, in
which the sample was pre-treated with 0.1 percent
acetic acid in acetonitrile to precipitate proteins,
then separated using a Zorbax-SB Phenyl column.
Glacial acetic acid, acetonitrile, and methanol make
composed the mobile phase. A quadrupole mass
analyzer in MRM mode and an ESI interface in
positive ion mode were used for the mass analysis.*
Sparidans et al. established a method for measuring
crizotinib in mouse plasma using the PPT method
of extraction. The samples were separated using a
ODS-18 column. The mobile phase was made up
0f 0.1 percent ammonium hydroxide and methanol.
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In a calibration range of 10—-10,000 ng/ml, the test
was validated.*

Yang et al. created an LC-MS approach
for detecting Entecavir in human plasma using
SHLLE in sample pre-processing in 2012. A
Hanbon Lichrospher RP C18 reversed phase
column was used for the chromatographic
separations. In gradient elution mode, the mobile
phase for this method contains 0.1 percent acetic
acid, acetonitrile, and methanol. The approach is
linear for concentration ranges of 0.5-30 ng/ml. A
triple quadrupole mass analyzer in SIM mode and
the ESI interface in positive ionisation mode were
used for the mass analysis.* Bourget et al. devised
amethod for quantifying midostaurin using PPT as
the extraction technique. In gradient mode, a ODS
silica column was utilised with a premixed mobile
phase consisting of 10 mM ammonium formate in
water and acetonitrile with 0.1 percent formic acid
on a Sunfire C18 silica column kept at 30°C. For
concentrations between 75 and 2500 ng/ml, the
method is linear.*® Wani et al. established a UPLC-
Tandem method for neratinib quantification in
human plasma utilising a PPT extraction procedure
and a UPLC BEH CI18 column for separation.
The mobile phase was made up of a 70:30:0.1
(v/v) of methanol, water.*’” Rood et al. developed
a method for quantifying ibrutinib in human and
mouse plasma that included PPT pretreatment. The
samples were separated using an XBridge BEH300
column. The mobile phase consisted of 1% formic
acid in water and methanol.*

In Human Plasma, Van Nuland et
al. developed an LC-MS/MS method for
the simultaneous detection of abiraterone,
enzalutamide, Ndesmethyl enzalutamide,
enzalutamide carboxylic acid, abiraterone N-oxide
sulphate, and abiraterone sulphate. For mass
analysis, an ESI in positive mode ionisation source
was used, and detection was done using a triple
quadrupole detector in MRM mode.*

In 2018, M. van Nuland and colleagues
developed an ultra-sensitive LC-MS/MS method
for quantifying gemcitabine and its metabolite. The
extraction was done with SPE, and the separation
was done with an Acquity UPLC HSS T3 column.
In gradient elution, an ammonium acetate, water,
and acetonitrile mobile phase was utilised.*
The mass analysis used a turbo ion spray (TIS)
in positive mode as an ionisation source, with

detection using a triple quadrupole detector in
MRM mode. S. Guan et al developed LC-MS/MS
to determine gefitinib and its major metabolites in
human plasma. The chromatographic separation
was achieved using an X-TerraMS column. The
mobile phase was made up of 35:65 (percent v/v)
water and acetonitrile with 0.1 percent formic acid*'

Table 3 summarises the different
chromatographic settings used in bioanalytical
methods using LC-MS or LC-MS/MS.
HPTLC

With the advancement of technology, high
performance thin layer chromatography (HPTLC)
has become a significant tool in drug analysis.
HPTLC is a fast separation technology that can be
used to examine a variety of materials. This process
is beneficial in a number of aspects, including its
convenience of use and the fact that analysing the
complex or crude sample cleanup requires only a
short amount of time. HPTLC uses a variety of
parameters to analyse the entire chromatogram in
real time. Additionally, on each plate, many
samples and standards are generated simultaneously
yet separately, resulting in higher results reliability®.
The details of bioanalytical techniques for HPTLC
analysis of pharmaceuticals in plasma are listed in
Table 4. A. Mirfazalian et al. developed an HPTLC
method for measuring theophyline in human
plasma, employing the LLE method to extract
theophylline and silica gel 60F254 HPTLC plates
to separate it. The mobile phase in isocratic mode
was a mixture of acetic acid, isopropanol, and
tolune 01:12:06. With a range of 500-10000 ng/
ml, the technique is linear. A camag TLC scanner
II coupled with a deuterium lamp is adjusted to 277
nm for detection in reflection mode.** Milijkovicet
al. developed a method for measuring Nimesulide
in plasma using LLE. The samples were separated
using 60F254 silica gel plates. For ascending
chromatography, Tolune and acetone 90:10
(percent v/v) were used. Using a camag TLC
scanner II, the resulting TLC plates were
densitometrically assessed at 310nm. The
quantitative limit of nimesulide is 0.5 g/ml>*. A
method for quantifying Sparfloxacin in human
plasma was developed by Shah et al. PPT was used
to extract the analyte from human plasma samples.
The samples were separated using 60F254 HPTLC
plates. The mobile phase contained 4:4:1.5:0.2
(v/v) chloroform, toluene, methanol, and
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diethylamine, with densitometric analysis
performed at 301 nm. The calibration curve was
linear across a concentration range of 80-200ng/
spot.®® A. Jamshidi et al. developed a method for
quantifying atorvastatin in human plasma using
PPT for extraction and silica gel 60F254 HPTLC
plates for separation. The mobile phase is made up
of 70:30 (percent v/v) toluene and methanol in a
two-step isocratic development. In the range of
101-353.5 ng/ zone, the analyte’s calibration
function was linear. 3. Using LLE as the extraction
method, Jainet al. devised a method for measuring
Minocycline in human plasma. A silica gel 60F254
HPTLC plate was used with an isocratic mobile
phase is used. The technique response was linear
over a concentration range of 100-1200 ng per
zone in spiking human plasma.’’ Rote et al.
established reverse phase-HPLC and HPTLC
methods to quantify gemifloxacin mesylate in
human plasma. For extraction, PPT was used, and
for separation, silica gel 60F254 HPTLC plates
were used. For elution, a premixed mobile phase
was utilised. In the stated plasma concentration
ranges of 0.5-6 g/ml, the method’s linearity was
verified using seven different concentrations of
calibration standards. The obtained TLC plates
were densitometrically analysed at a wavelength
of 254 nm.*® In 2010, Ramadanet al. proposed a
method for measuring Amlodipine besilate and
valsartan in spiked human plasma, employing the
PPT method for pretreatment. The samples were
separated using Silica gel 60F254 HPTLC plates.
Ethyl acetate, methanol, and ammonium hydroxide
were mixed in a 55:45:5 (percent, v/v/v) mobile
phase. For amlodipine besilate and valsartan, the
method was linear over concentration ranges of
0.5—4 g/spot and 2—12 g/spot, with lower limit of
quantifications (LLOQ) of 0.5 and 2 g/spot,
respectively. With a scanning wavelength of 237
nm, the absorbance scan mode was used.”. In the
same year, S. R. Tambe et al. developed an
extraction method for Olmesartan quantification in
human plasma utilising LLE and SPE. The samples
were separated using Silica gel 60F254 HPTLC
plates. At 269 nm, ethyl acetate, methanol, and
acetic acid were combined in a ratio of 8.0:2.0:0.05
(v/v/v). The calibration curve was plotted across a
concentration range of 80 ng to 600 ng. The average
recovery rates for LLE and SPE were 90.12 percent
and 79.64 percent, respectively.® Faiyazuddinet al.

devised a method for quantifying Terbutaline
sulphate in spiked human plasma using PPT as an
extraction method. the calibration curve was linear.
Ata limit of quantification (LOQ) of 18.35 ng/spot,
selectivity was explored.®! In the same year, Roteet
al. developed a method to measure cefpodoxime
proxetil and ambroxol hydrochloride in human
plasma. LLE was used to extract the analyte from
plasma samples. To achieve chromatographic
separation, a silica gel 60F254 HPTLC plate was
employed. Chloroform and methanol are mixed
9:1 (v/v) in the mobile phase. Densitometric
analysis was utilised to detect the presence of
bacteria at a wavelength of 240 nm.%. Rote et al.
used LLE to develop a method for simultaneously
assessing Telmisartan and hydrochlorothiazide in
plasma. The samples were separated using Silica
gel 60F254 HPTLC plates. The mobile phase is
made up of chloroform, methanol, and toluene
8:2:4 (v/v/v). Densitometric analysis (percent v/v)
was performed at a wavelength of 278 nm.
Concentrations of 200, 400, 600, 800, 1000, and
1200 ng/spots were utilised in the calibration
curves for hydrochlorothiazide and telmisartan,
respectively.”® Khanvilkar et al. used PPT as the
extraction method to develop an HPTLC method
for measuring Eprosartan Mesylate in spiked
human plasma. The separation was carried out
using an isocratic mobile phase of ethyl acetate,
acetonitrile, and glacial acetic acid6:4:0.2 (v/v/v)
on a silica gel 60F254 HPTLC plate. The linear
regression analysis data from the calibration plots
demonstrated an acceptable linear relationship in
the concentration range of 0.7-32 g/ml.* Roteet al.
devised a method for measuring Metoprolol tartrate
and hydrochlorothiazide in spiking human plasma
using LLE as an extraction technique. The
chromatographic separation was performed on a
silica gel 60F254 HPTLC plate with a mobile phase
of chloroform, methanol, and ammonia in the ratio
of 9:1:0.5 (v/v/v). Densitometric analysis was
carried out at a wavelength of 239 nm.®® Bokka
Ramesh et al. used PPT as the extraction technique
to develop a high-performance thin-layer
chromatography coupled with electrospray
ionisation mass spectrometry (HPTLC-ESI-MS)
approach for Darunavir in spiked rat plasma. The
mobile phase was a saturated 6:2:2 (v/v/v) mixture
of toluene, acetone, and methanol. At 262 nm,
densitometric quantification was performed using
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reflectance scanning. The approach was linear
throughout a concentration range of 5-150 ng/ml.%
El-Koussiet al. used fluorescence detection to
create a method for quantifying Gemifloxacin
mesylate in plasma. On a silica gel 60F254 HPTLC
plate, this HPTLC approach was used to avoid
preparation of the plasma sample and separation.
The mobile phase was made up of 8:4.5:3 (v/v/v)
ethyl acetate, methanol, and ammonia. Fluorescence
detection was used to perform HPTLC plate
scanning. After excitation at 342 nm, the emission
intensity was measured using optical filter K400.
In the range of 3—180 ng/band, the calibration curve
was linear.”. S. Shrivastav et al. established an
HPTLC method for determining aliskiren and
hydrochlorothiazide in a fixed dose tablet
formulation and human plasma in 2014.®
Abdelaleem et al. developed an HPLC method for
detecting paracetamol, 4-aminophenol,
pseudoephedrine hydrochloride, and loratidine in
human plasma. HPTLC aluminium plates precoated
with silica gel 60GF254 and a developing system
of acetone, hexane, and ammonia 4:5:0.1 (v/v/v)
were used to create the chromatographic method.
Densitometric scanning was done witha CAMAG
TLC scanner in the reflectance absorbance mode
at 254 nm for paracetamol, 4-aminophenol, and
loratidine, and at 208 nm for pseudoephedrine
hydrochloride. The paracetamol calibration curve
showed a strong relationship over concentration
ranges of 0.1-6 g/band, 0.2-3.5 g/band for 4-
aminophenol, and 0.1-6 g/band for 4- aminophenol.
Loratidine has a concentration of 0.1-2 g/band,
while pseudoephedrine hydrochloride has a
concentration of 1.6—12 g/band. ¥ SM Gosavi and
colleagues developed a method for measuring
Esomeprazole Magnesium in human plasma. LLE
was used to extract the analyte from plasma
samples. To achieve chromatographic separation,
60GF254 silica gel plates were employed. 9:1:0.5
(v/v) ethyl acetate, methanol, and ammonia make
up the mobile phase. A densiometric analysis was
carried out at a wavelength of 301 nm. The
calibration curve was created using an esomeprazole
magnesium concentration range of 200-700 ng/
spot.”® Al Alamein et al. used LLE to develop a
method for determining Sacubitril and Valsartan in
spiked human plasma at the same time. Silica gel
60F254 HPTLC plates were used to separate the
samples.”". In the year 2019, Gadallah et al. used

PPT to develop a method for determining ertapenem
and paracetamol in rabbit plasma simultaneously.
Silica gel 60F254 HPTLC plates were used to
separate the samples. The developed approach used
a simple planar chromatographic separation using
a 35:15(v/v) mixture of acetonitrile and water, as
well as dual-wavelength detection at the 294 and
247 nm wavelengths of ertapenem and paracetamol,
respectively. Ertapenem had a calibration range of
40-600 ng/band, while paracetamol had a range of
15-200 ng/band.” Igbal et al. developed an HPTLC
method for quantification of Delafloxacin in human
plasma using PPT as the extraction technique. On
60F254 silica gel plates, chromatography was
performed with a mobile phase of 5:4:2
(v/v/v) methanol,ethyl acetate and ammonia
solution. Over the concentration range of 16400
ng/band, the method response was linear.”

M. Crulet et al. developed a method for
detecting NAMI-A (ImH[trans-RuCl4(DMSO)Im]
in human plasma using GF AAS. The standard line
was created using plasma and a 1: 10 (v/v) buffer.
The validated range of determination for plasma was
1.1-220 M. NAMI-A. 60F254 silica gel plates were
used to separate the samples. Tolune and acetone
90:10 (percent v/v) were employed for ascending
chromatography. Using a camag TLC scanner II,
the resulting TLC plates were densitometrically
assessed at 310nm. The quantitative limit of
nimesulide is 0.5 g/ml.”* L.A. Decosterd et al.
developed an AAS method for quantifying IM216
bis-acetato-ammine dichlorocyclohexylamine
platinum (IV) in human plasma, which requires the
application of the matrix modifier 5 percent Triton
directly onto the graphite furnace before adding
plasma samples. With a range of 10-150 ng Pt/ml,
the technique is linear.  Tibben et al. devised an
AAS Determination of total platinum in human
plasma using a dosage of By spiking plasma with
AP5280 at concentrations of 0.25, 1.0, 50, and 250
mol/l, four tiers of quality control samples were
created. Over a concentration range of 0.250-5.00
mol/l, the calibration curve was linear. At a
wavelength of 265.9 nm, platinum concentrations
were measured.” Brouwers et al. used AAS to
develop a method for measuring platinum in human
plasma derived from oxaliplatin. Five replicates of
each sample in plasma were analysed using QC
samples at concentrations of 0.05, 0.15, 0.497,
1.799, and 9.942 mol/l. Seven non-zero calibration
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standards were linear in the range of 0.5-400 mol/l.
Absorbances were measured at a wavelength of
265.9 nm.”” Brouwers et al developed an ICP-MS
technique for measuring platinum in human plasma
ultrafiltrate produced from cisplatin, carboplatin,
and oxaliplatin. As a sample pretreatment, materials
are diluted with 1 percent HNO3. Drug-free plasma
ultrafiltrate was spiked at four concentration
levels to obtain quality control samples: 75, 225,
1000, and 7000 ng/l. Seven nonzero calibration
standards in a dynamic range of 75.0 to 10000
ng/l of platinum in plasma ultrafiltrate were used
to create the calibration curve.” For evaluating
total strontium concentrations in rat plasma, Qi
Zhanget al. designed an assay method. Intra-day
variance ranged from 95.46 to 102.24 percent,
while inter-day variance ranged from 101.74 to
102.15 percent (inter-day variation). The intraday
precision ranged from 1.86 to 8.24 percent, while
the interday precision ranged from 1.27 to 11.20
percent. The technique response was linear for the
concentration range of 0.2 to 10 g/ml. Beinneret
al. tested the stability and pH sensitivity of pH-
sensitive stealth liposomes delivering cisplatin in
mouse plasma. To determine the accuracy, mouse
plasma was spiked at each concentration of 10,
20, 40, 80, and 160 ng Pt/ml in five duplicates.
For the five concentrations, the intra- and inter-
assay accuracy was less than 15%. For evaluating
total strontium concentrations in rat plasma, Qi
Zhanget al. designed an assay method. Intra-day
variance ranged from 95.46 to 102.24 percent,
while inter-day variance ranged from 101.74 to
102.15 percent (inter-day variation). The intraday
precision ranged from 1.86 to 8.24 percent, while
the interday precision ranged from 1.27 to 11.20
percent. For concentrations ranging from 0.2 to 10
g/ml, the technique response was linear.”

CONCLUSION AND FUTURE
PROSPECTIVE

The primary goal of pharmacological
drugs is to assist humans in becoming disease-free
or preventing disease. To accomplish its intended
purpose, the medicine must be devoid of impurities
and any interference that could harm humans. This
study focuses on the role of various analytical
instruments in plasma and gives a detailed literature
overview of bioanalytical research approaches.

The review also demonstrates how the approaches
have evolved, beginning with the older method
and progressing to sophisticated hyphenated
technique phases. The effective hyphenation of
chromatographic and spectroscopic has had a
significant influence in the field pharmaceutical
drug quantification from biological materials. The
majority of the articles in this page were written
within the last 20 years.
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