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Chromatography is defined as a set of techniques that are used for the separation of
constituents in a mixture. High-Pressure Liquid Chromatography or High-Performance Liquid
Chromatography (HPLC) is known as a specialized technique in which columns as well as liquid
chromatography are used in the separation, characterizationand investigation of the active
moieties existing in the mixture. Current review focuses on the HPLC technique, including its
principles, instrumentation, types, applications, advancements, and patents. HPLC technique
is important both for quantitative as well as qualitative analysis and is used for the evaluation
of biological and pharmaceutical samples. It is the safest, most versatile, and fastest technique
for chromatographic analysis in the field of quality control of drug components. In this review,
the authors have also tried to summarize some of the advancements and recent patents in which
the HPLC technique was used for the analysis. The article will help in understanding the role
and importance of this analytical technique in the quality control of drugs and biologicals.
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Chromatography

Nowadays, chromatography is known as the
mainstay of separation science and is widely
applied within different pharmaceutical industries
and research organizations throughout the world
[1]. Chromatography is defined as the separation
of a combination of compounds into specific
entities by using two phases; one is mobile and
the other one is stationary [2, 3]. This technique

was first invented in 1903 by Mikhail Semyorivich
Tswett, an Italian born Russian botanist, and was
later considered the ‘Father of Chromatography’
[4, 5]. Chromatography combines two Greek
words, i.e., chromo means ‘color’ and graphene
means ‘fo write’ [6]. Generally, the separation
method in chromatography involves the principal
steps starting from retention or adsorption of
a substance(s) in the stationary phase then the
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separation of the adsorbed substances with the
help of the mobile phase. Followed by retrieval
of the separated substance by a continuous flow
of the mobile phase called elution; preceded by
quantitative and qualitative analysis of the eluted
substances [7, 8].

Types of Chromatography

There are different types of chromatography can
be on the basis of nature of both the phases, modes
of chromatography run, based on separation, based
on elution technique.

Nature of the Mobile Phase and Stationary
Phase [2]

Various types of chromatographic techniques
are available depending upon the type of the
phases used like Gas — Liquid Chromatography,
Gas — Solid Chromatography, Liquid-Liquid
Chromatography: further divided into column
partition chromatography and paper partition
chromatography, and Solid-Liquid Chromatography
includes Thin Layer Chromatography (TLC), High
Performance Liquid Chromatography (HPLC) and
Column Chromatography (2, 9, 10].

Modes of Chromatography

There are two types of chromatography, which
totally depends on the polarity of both phases used
for separation i.e., interaction between the solute
mobile phase and the stationary phase. When both
phases are polar, their affinity is greater; the same
applies when both the phases used are nonpolar;
their affinity is greater; but when one solvent
phase is polar and the other one is nonpolar, the
interaction or the affinity is less [11, 12].

Normal Phase Mode Chromatography

This technique uses a polar solvent for the
stationary phase and a nonpolar solvent for
the mobile phase. In this, the polar compound
gets engaged for a long duration in the column
compared to nonpolar compounds, which travel
faster because of their affinity towards the
stationary phase. For pharmaceutical analysis
where normal phase chromatography is instructed,
columns made up of silica gels are used [13, 14].
Reverse Phase Mode Chromatography

This is just a reversal of normal phase
chromatography, as the stationary phase used here
is nonpolar and the mobile phase is of polar nature.
Therefore, polar compounds, i.e., mobile phase,
get eluted first and stationary, which is a nonpolar
compound, gets retained for a long time. Therefore,

reverse phase chromatography is considered the
most extensively used technique in pharmaceutical
industries as most of the components have polar
natures that don’t get retained in the column for
an extended period. Bonded hydro carbons like
C, (Carbon 8), C ., C,, or octadecyl silane (ODS)
are used as a stationary phase in pharmaceutical
analysis [15, 16].

Separation Principle
Adsorption Chromatography

This technique based upon the principle of
adsorption of separation is known as absorption
chromatography. Separation of a mixture of
compounds occurs due to the difference in affinity
towards the stationary phase. Components having
high affinity towards the stationary phase travel
slowly rather than compounds having less affinity
towards the stationary phase, which travel at a faster
rate. Examples include column chromatography,
thin layer chromatography, and high-performance
liquid chromatography [17, 18].
Partition Chromatography

When two immiscible liquids are present, a
solute mixture should be circulated through the
column according to their partition coefficient. The
procedure involves passing the dissolved mixture
in the mobile phase through a column of stationary
phase. The component that is less soluble in the
mobile phase travels faster and vice versa, which
leads to the separation of compounds on the basis of
their partition coefficients. Example: Gas - Liquid
Chromatography, Column Chromatography, etc
[19,20].
Elution Technique

On the basis of elution technique, two methods
are commonly used namely isocratic elution and
gradient elution. The method involving constant
and uniform circulation of the mobile solvent
throughout the separation process is called isocratic
elution. During the process, elution or polarity
strength is sustained [21, 22]; While if a mobile
phase having low polarity or elution strength is
used, with a constant increase in the polarity or
elution strength throughout the process then the
technique is called gradient elution [23].
Analysis Type

Qualitative Analysis identifies the nature of
the compound, the impurities present, and the
existence of active ingredients in the mixture of the
compounds, which can be identified by using the
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values of retention time [24]. While quantitative
analysis determines the number of different
components present in the mixture and is identified
by comparison of the sample peak area with that
of the standard peak area [25].

Other Chromatography methods

Ion Exchange Chromatography

Operation of this type of chromatography involves
the use of an ion exchange resin. Ion exchange
occurs in a reversible manner between charged ions
and those of ion exchange. For separating mixtures
of ions, anion and cation exchange resins are used
[26, 27]. It is one of the most powerful techniques
for the separation of charged particles which is
capable of separating almost all charged molecules
including nucleotides small amino acids, large
proteins, etc. With ion-exchange chromatography,
the inorganic ions can also be separated and the
method can be used for both preparative and
analytical purposes. The major disadvantage
associated with ion exchange chromatography is
the requirement of buffer. The working cost is also
high due to the buffer used for the separating the
components [25].

Size Exclusion Chromatography or Gel
Permeation Chromatography

In this technique, the separation of particles occurs
in accordance with the molecular size by using
gels. The method is suitable for determining the
quaternary and tertiary structures of amino acids
and also determining the molecular weight of
polysaccharides. For separation purposes, gels that
are soft in nature like polyacrylic amide, agarose
gels, and dextran are used for the separation
purpose. Apart from soft gels, some semi rigid
gels like alkyl, dextran and polystyrene dispersed
in non-aqueous medium are also used for analysis
[28, 29].

Chiral Phase Chromatography

By using a chiral stationary phase, the separation
of optical isomers, i.e., dextro and levo form, is
achieved. Silica gel is used as the most suitable
stationary medium. A chiral stationary phase is
much more expensive than a chiral stationary phase
like carbon 8 [30, 31].

Bio-Affinity Chromatography

This method is generally used in various fields such
as microbiology, biochemistry, and biotechnology,
where protein-ligand specific reversible interactions

are totally dependent on separation. Solid supports
with a bio affinity matrix are covalently attached
with ligands, which interact with the column bound
ligands to retain proteins [32].

High performance liquid chromatography

High-Pressure Liquid Chromatography or High-
Performance Liquid Chromatography (HPLC)
is known as a specialized technique in which
columns as well as liquid chromatography
are used in the separation, characterization,
amount and investigation of the active moieties
existing in the mixture. When compared to other
traditional techniques, HPLC has significantly
improved performance [33]. The expansion of
HPLC has evolved from conventional column
chromatography and its performance (efficiency,
resolution), which was enhanced using a stationary
phase composed of spherical particles of a diameter
range of 2 um to 5 pm. Therefore, owing to the
small particles, the head pressure forces the solvent
or mobile liquid to pass through the column at high
pressure. That’s why it is known as high-pressure
liquid chromatography [34, 35].

HPLC technique is applied for the separation of
not only volatile compounds but also ionic species,
polymeric materials, labile natural products, and
macromolecules as well as high molecular weight
functional groups [36].

The pump is used in HPLC to allow a sample
mixture dissolved in liquid solvent to pass through
a solid adsorbent material filled in the column.
Individual constituents in the sample relate in a
different way to the adsorbing substances, letting
diverse rates of flow for the different elements and
foremost to the separation of the components as
they flow out of the columns [2, 37].

HPLC works on the adsorption-separation
principle. In HPLC column, compounds that
are supposed to be separated are introduced in a
mixture form, but various components travel at a
different rate, as per their relative affinity towards
the stationary phase [38]. Elements having more
affinity toward the stationary phase travel at a
slower rate, while elements having less affinity
towards the stationary phase move at a hasty rate.
Since no two compounds have the same affinity
towards the stationary phase, the components get
separated [39]. The major components of HPLC
are shown in Fig. (1) [40].
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Solvent Reservoir (Mobile Phase)
The contents of the mobile phase(s) are to be
placed in a glass reservoir

The concentration of the mobile phase varies
and it depends upon the sample’s composition.
Therefore, the mobile solvent is regularly a blend
of nonpolar and polar liquid solvents. Now,
generally there are four bottles used as mobile
reservoirs during operating the HPLC, which
contain different solvents. The holding capacity
of each bottle of glass reservoir is up to 1 litre.
Selection of the mobile phase used for separation
purposes depends on the type of separation to be
involved, i.e., isocratic separation and gradient
separation [38, 41].

For isocratic separation, solvents having the
same polar figures or eluting power are used
to prepare the mobile phase (if used in a fixed
proportion) or, in general, this can be a pure
solvent [42]. But, in gradient separation, solvent’s
polarity is progressively improved. Thereafter,
the composition of the solvent has to be changed
[43, 44].

Mixing Chamber

Individual pressure pumps in mixing systems are
generally used for the inlet of individual liquids.
Each pump’s outlet is connected with mixing
connectors (one outlet line and two inlets) to a
mixing chamber. It is used to mix the solvent in
different proportions [45].

Degasser Cabinet

Solvent reservoir systems are equipped with a
means of removing dissolved gases such as O,
and N, from the solvent as these gases interfere
in the separation process by forming bubbles in
the column or detector system which chokes the
column, so degassing is done [46]. Degassing
(removal of dissolved gases) can be carried out
in several ways; i.e., by warming up the solvent
system, stirring with a magnetic stirrer, using
ultrasonic vibrations or by bubbling helium gas
through a solvent reservoir [47].

The different methods of removing dissolved gases
from the mobile phase are as follows:
Ultrafiltration

It uses a membrane filter of 0.29 micrometres
and the solvent gets filtered under pressure. This
method allows the removal of both dissolved gases
and small particulate matter [48].

Ultrasonication

In an ultrasonicator, electro frequency radiation is
allowed to pass through the solvent, which takes
the gases along with it. The ultrasonicator can be
directly attached to the solvent, which may be
advantageous, but it can only remove 30% of the
dissolved gases used in conjugation with helium
sparging or ultrafiltration [49].
Helium Sparging

A very efficient and effective technique of
degassing with the use of more than 80% of the
dissolved gases can be removed. In this method, the
dissolved gases are removed from the mobile phase
by passing or running it through some inert gases
of low solubility. Helium is the most commonly
used inert gas for the removal of dissolved gases.
One of the main disadvantages is that, due to the
continuous use of inert gas (Helium), it is quite
expensive [50, 51].
Refluxing

It is the most effective but difficult method of
degassing and the least practically used as it
involves boiling the solvent and distillation of
the gas. This method is rarely used because of
its impracticality, although it yields near perfect
results [52, 53].

High Pressure Pump/ Pumping System

HPLC system has many important features, and
the pump that creates pressure is one of them. The
mobile phase is taken up from the reservoir by this
pressure pump and then the liquid phase passes
through the column and then passes out (elution).
The pump provides an output of at least 3.4 x107
Pascal (psi) of solvent through the system, which is
known for its good pumping system. High pressure
pumps are required to achieve a satisfactory flow
rate because the adsorbent is very small (5 to 10
micro) and tightly packed inside the column. This
offers a higher resistance to the flow of solvent
due to the slender column. The retention time of a
molecule, reproducibility and detector sensibility
of the column are directly dependent on the
performance of the pump [54, 55].
Requirements of an Ideal HPLC Pump

While operating HPLC system there are certain
requirements from pump like generation of pressure
up to 5000 to 6000 psi without fluctuations. Pump
should be suitable to a wide range of solvents
providing a constant flow rate in the range of
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0.1 - 10 ml per minute. Pumps should be made
up of corrosion resistance material. Generally, the
material of choice for the construction of the pump
is Teflon [56, 57].

Type of Pumps used in HPLC

* Reciprocating Pump

* Screw Driven Syringe Pump or Displacement
Pump

* Pneumatic Pump or Constant Pressure Pump
[35, 56, 57]

Reciprocating Pump

It is the most prevalent and currently used pumping
system on a commercial scale. It consists of a
hydraulic chamber with a capacity varying from
35 pL to 400 uL. The chamber is connected to a
motor-driven piston, which pumps the solvent in
a back-and-forth motion. Check valves are present
in a number of two, to regulate the solvent’s
flow into and out of the column by alternatively
opening and closing, respectively. The solvent
flows by interacting with the reservoir. A flexible
diaphragm can also be used in a hydraulic fluid
chamber to transmit the pumping action to the
solvent. The use of a flexible diaphragm minimises
the adulteration and erosion problems in the parts
of the pump. In this, the movement of the piston
causes the suction of the solvent from the mobile
reservoir during the backward stroke and by the

Solvent delivery system

Sample

Solvent (Mobile phase)
Reservoir

HPLC column
Packing material

— OB —

Il ks
. 1
[ _\ Pump Solvent manager L

pressure of the pump, the solvent comes out of the
column during the forward stroke and the inlet to
the reservoir is closed. The main advantage of the
reciprocating pump is that pressure up to 10000 psi
can be applied, and some of the limitations are that
it has a high maintenance cost and low discharging
capacity [57, 58].
Displacement Pump or Syringe Pump

These pumps are attached to a digital stepping
motor which works on the principle of a screw
driven mechanism. The piston is triggered by a
screw - feed drive through which solvent flows
from the solvent chamber of finite capacity (250-
500 ml). That is why the displacement pump is also
known as the screw driven syringe type pump. This
pump is capable of generating high pressure of 200-
475 atm with the main advantage being that pulse
loss flow is achieved but exhibits considerable
inconvenience when the solvent composition is
changed from isocratic to gradient flow [59, 60].
Pneumatic Pump or Constant Pressure Pump
In a pneumatic pump, a gas cylinder is fitted, which
creates the pressure through which the mobile
phase is compelled through the column with the
help of a large piston. The compression observed
by the solvent is proportional to the ratio of the
area of the two pistons, usually between 30:1 and
50:1, and a high pressure (1-400 atm) is generated

Chromatogram

Injector
Auto sampler
Sample manager | Computer data station
3
Detector [ L
Waste

Fig. 1. Schematic Representation of High-Performance Liquid Chromatography [15]
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Table 1. Comparison between HPLC, RRLC, UPLC, UFLC AND Nano LC [105].

Nano LC

UPLC UFLC

RRLC

HPLC

Characteristics

BHATI et al., Biomed. & Pharmacol. J, Vol. 15(2), 729-746 (2022)

1.7-3u

1.7-22pn

3.7 nL/min
0.1-100 uL

40° C

Less than 2 p
0.6 mL/min

2 uL

1.8 n

3to10p

Particle size
Flow rate

20-200 nL/min

0.2-20 pL/min

1.5 uL

0.01-5 mL/min

5

10 nL-125 uLb

25-35°C

pL

Injection volume

65°C

Up to 100° C

30°C

Column temperature

Analytical column

Capillary HPLC,
Micro HPLC

125 mm X

Shim-pack

Acquity UPLCbeh

C18,C8

ZORBAX Eclipse

XTerraCl18,

XR-ODS column

XDB”C18 RRHT

2.1-4.6mm

Alltima C18

75mm X% 3.0 mm

150 x 2.1 mm

150 x 3.2 mm

Column dimensions
(length x 1.D)

0.05mm - 4.6mm

with a low-pressure gas source of 1-10 atm. The
arrangement of the valve permits the hasty refilling
of the solvent chamber with a capacity of 70 ml.
This system provides pulse loss and continuous
pumping, having a high flow rate, so it is called a
constant pressure pump [60, 61].
Sample Injector System

Liquid chromatography’s precision and accuracy
of measurements are proportionate to the
reproducibility with which a sample is injected
into the column. The sample inclusion into the
pressurised column should be like a slender
plug so that the problem of peak bordening is
negligible. Liquid samples having a range of 0.1-
100ml volume are injected under high pressure of
up to 5000 psi into the HPLC system with high
reproducibility. Injecting the sample can be done
either in a manual or in an automatic way [33, 62].
Several Devices used in Sample Injector System
* Septum Injector

It is not a commonly used device for injecting
samples. A rubber septum withstanding high
pressure of up to 1500 psi is used for injecting
the sample. The injection of syringes used in this
injector is called micro syringes [33, 63].
* Stopped Flow (online) Injector

In this, the pump is turned off so that the mobile
phase cannot travel until the inlet pressure of the
column becomes atmospheric. Then, the syringe
with the sample is injected through a valve device,
and then the pump is turned on. This method can
be used up to a very high pressure [64, 65].
* Rheodyne Injector or Loop Valve Injector
Due to their high precision and high accuracy, loop
valve injectors are the most widely used in HPLC
systems. The volume of the loop is fixed (generally
10 micro litres or 50 micro litres). Samples can be
injected via any of the two modes, i.e., inject mode
or load position [66].

Load Position Mode allows loading of the sample
in to the loop with the help of a syringe, which is
commonly used to load samples into the injector
[67]. While Inject Mode allows the flow of the
sample onto the column after loading the sample
[39].
Column

The columns used for HPLC are the straight
tube-like structures and they are manufactured of
stainless steel and glass- lined metal so that they can
resist high pressure of up to 5.5 x 107 Pa (8000 psi)
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for a length of 20-50 cm and 1-4 mm in diameter.
For retention of packing material in the column,
porous plugs made of stainless steel or teflon were
used. These plugs must be similar to confirm the
uniform flow of solvent through the column and
the stationary phase is held in the column with the
help of porous plugs [68, 69].
Types of Columns used in HPLC

* Guard Column

They possess very small amount of adsorbent and,
as their name suggests, they protect and prolong the
shelf life of an analytical column. It actually acts
as a prefilter as it removes the particulate matter
and contamination that arises from a contaminated
mobile phase or from degrading sample- injection
valves. It also helps to remove the contaminants
bound irreversibly to the stationary phase. These
can be used to separate the mobile phase from the
stationary phase so that there is a minimal loss
of the solvent from that of the analytical column
[38, 70].

* Derivatising Column

It comprises a chemical transformation between
the reagents and an analyte in which the physical
and chemical properties of an analyte are changed.
In this, the derivatising reagents are pumped with
the flow of the mobile phase into either one or
two outer parts of the reaction flow column. It
stabilises a sensitive analyte, improves detection,
and involves acetylation and hydrolysis of the
analyte [71].

* Capillary Column or Micro Column

HPLC involves the use of a small analytical
column known as micro columns or capillary
columns, which has a diameter of less than Imm.
A column is made up of depositing a permeable
layer of adsorbent material (having a particle
size of microns) on the inner wall of a capillary
column and then coating it with a thin film of
liquid phase. The sample used in this column is of
nanolitre volume, which decreases the flow rate as
well as solvent volume used, which leads to cost
effectiveness [72, 73].

* Narrow-Bore Column

These columns are used for the assay of small
volumes of samples. The diameter of these columns
is 1-2 mm. In this, a number of short columns are
joined together to build up a long column without
loss of plate count and when the plate count is
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above 30000, long columns are used. With this
analyst, we can analyze high purity solvents, which
are cost effective due to the use of a minimum
amount of mobile phase [74, 75].
* Short Fast Column

These columns are short in length (3-6 cm) and
packed with 3microparticles. They can reduce
solvent costs, increase the sample throughout,
and deliver higher sensitivity than other columns.
Analysis time is 15-120 sec for isocratic elution
and 1-4 min for gradient elution. These columns
are essential where analytical speed is necessary,
as in quality control work [76].
Detector

Devices that are used to sense the presence of a
solute present in the eluent are known as detectors.
Different types of detectors are available, but their
selection is of supreme importance as it is a valuable
part of detecting the solute. They are designed and
used according to the nature of the components
to be separated. The utmost requirement is that
the detecting element should be highly sensitive
and steady because the application of material to
the column is minute. The detector employed for
HPLC should have good properties for producing
efficient results, such as it should possess high
sensitivity having good firmness and be capable
of producing reproducible results, It should be
linear in response with respect to the solute, it
must be affordable, the detector used in HPLC
should be non-destructive and should possess high
reliability and ease of operation, it should give a
negligible baseline voice having temperature range
of the detectors from 25° C to at least 400°C. The
response given by the HPLC detector should be
independent of the mobile phase composition and
should be stable at all temperatures and rates of
flow. There must not be any extra column band
broadening. It should provide both quantitative and
qualitative information on the detected peaks and
should give a fast response [77, 78].
Detectors used in HPLC Column

Types of detectors are used in HPLC column and
are described below:
* Bulk Property Detectors

Bulk property detectors are also known as
universal detectors. In the mobile phase, it
measures the variance in the physical properties
of the solute related to the mobile phase alone.
Generally, the applications of these types of

detectors are found in abundance, but they have
a limited range of detection and poor sensitivity.
These detecting systems are easily exaggerated by
small variations in the conformation of the mobile
phase, preventing the use of techniques such as
concentration gradient. For example, evaporative
light scattering detector and refractive index
detector [78, 79].
* Solute Property Detectors

Solute property detectors are also known as
sensitive detectors. They are idyllically independent
of the mobile phase, and counter to a specific
chemical or physical characteristic of the solute.
These generally show a wide linear response range
and high sensitivity, but due to the fact that they
are specific in nature and to meet the demands
of an analytical column, more than one detector
is required. For example, absorbance detector,
fluorescence detector, electrochemical detector,
and mass spectrometric detector [77].

Various types of detectors used in HPLC systems
are described below:
» UV/Visible Detector

Its principle behind detection is the absorption
of light characteristics of the sample. It includes
two types of detectors. One is a fixed wavelength
detector and operates at a frequency of 254 nm,
where most drugs comprising composites get
absorbed, and the other one is a variable wavelength
detector, operating at a frequency range of 190 to
600 nm. They provide good stability and are easy to
operate. It detects or visualises the obtained results
in two dimensions [80, 81].
* Photodiode Array Detector

This is also used in UV spectrophotometer, and
it works on the principle of light absorption; its
operational frequency range falls between the
wavelengths of 190 to 600nm. Simultaneously,
radiation of all wavelengths falls on the detecting
system. The analysis yields spectra with a
three-dimensional plot of response vs. time vs.
wavelength [82, 83].
* Fluorescence Detector

This detector works on fluorescent radiation
emitted by compounds. Analyte atoms get excited
by using a specific wavelength followed by the
emission of fluorescence (which is considered a
light signal). This detector has greater sensitivity
and specificity, which is 10-1000 times greater than
the UV detector. Even a single analyte fragment in
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the flow cell can be detected by using a fluorescence
detector [84].
» Conductivity Detector

It is based upon the electrical conductivity that
is being consumed when the sample contains
anions and captions as conducting ions. Therefore,
detection is done on the basis of conducting ions in
the sample and the response is recorded. Electronic
resistance is measured and its value has a direct
relationship with the number of ions present in the
sample; if the presence of ions is high, they have a
large value of electronic resistance and vice versa.
Therefore, this can also be used for ion- exchange
chromatography [39, 79].
* Amperometric Detector

When the potential is applied, it detects the
compound based on its oxidation or reduction,
followed by recording a diffusion current that is
proportional to the concentration of the element
eluted. This is related to the composites having
functional groups that can be either oxidised or
reduced. The sensitivity of this detector is very
high [85].
* Mass Spectrometry Detector

In this detector, a sample, analyte is detected on the
basis of their molecular weight. Detecting system
here is a mass analyser which detects the ions with
respect to their mass to charge ratio, i.e., m/z ratio
& amplifier, ions emerged from the mass analyser
and record the responses. The analysis is useful
for the identification of structural compounds. It
can also be used for quantification of molecular
and elemental compounds at very low detection
limits [86. 87].

* Refractive Index Detector

It is the only universal detector in HPLC. The
detector works by measuring the variation in the
refractive index of the column effluent passing
through the flow cell. The refractive index
difference between the mobile phase and the
sample is directly proportional to the imbalance
between them. Thus, the sensitivity is higher for
a greater difference in refractive index. Due to its
poor specificity and sensitivity, it is not much used
in analytical applications [88].

» Evaporative Light Scattering Detector

Less volatile compounds (semi-volatile compounds
and non-volatile) in comparison to the mobile phase
are easy to detect in an evaporative light scattering

detector. It is mostly used for the analysis of
compounds where UV detection must be restricted,
or we can say, used for compounds which do not
absorb UV radiation, such as antivirals, antibiotics,
etc [89].
Recorder and Integrator

After amplification, the responses obtained from
the detector are recorded for analysis. They are
capable to record all peaks time to time with an
additional baseline. Integrators can process data
and know to be a better version of recorders. They
are capable of recording discrete peaks, mentioning
the height and width of peaks, the area covered by
a single peak, retention time, percentage of area,
etc. Integrators deliver additional information on
peaks than recorders [90].
Applications of high-performance liquid
chromatography

HPLC has several applications in pharmaceutical
field, forensics, and chemical, environmental, and
clinical sciences. It is also used in biotechnology,
chemical separation, and food analysis, etc.
which includes resolution, identification, and
quantification of a compound. It is an adaptable
and delicate method which can be used in several
ways in different areas of work and day-to—to-day
life [91, 92].

In Pharmaceutical Industry

HPLC can be used to detect impurities present
in pharmaceutical products and ultimately to
check the quality of product. HPLC can be used
for quantification of pharmaceutical products, to
study the biopharmaceutical & pharmacokinetics
properties of dosage forms of drugs, to study the
stability of dosage form of drugs, determining
the dissolution of tablet and ensuring the proper
production and purity of drugs [93-95].

In Environmental Sciences

HPLC can be used to detect the presence of
phenolic compounds present in drinking water,
for biomonitoring the pollutants present in
the environment and to detect the presence of
insecticides and pesticides in water [96, 97].

In Food and Flavour

HPLC is used in food industry to determine the
presence of sugar present in fruit juices and to test the
excellence of water and soft drinks. This can also be
used for the investigation of polycyclic compounds
present in vegetables, for the examination of
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preservatives in food products and to check the pH
of the carbohydrates and oligosaccharides in anion
exchange chromatography [98, 99].

In Forensic Sciences

To determine the presence of cocaine, heroin, or
any other abused drug in the blood, urine, etc, and
to identify the presence of steroids in the blood,
urine, etc. HPLC helps in the forensic analysis of
textile dyes and to determine the unknown elements
present in the mixture of compounds [100, 101].
In Clinical and Health Related Disorders

HPLC helps in the analysis of urine and blood
samples, in the analysis of bilirubin, a, bilverdin
in hepatic disorders, in the detection of purines or
pyrimidines present in the DNA sample and helps
in diagnosing and monitoring diabetes [102, 103].
In Research and Development

HPLC can be used for screening and extracting
the elements present in the sample and recognising
the components present in the unknown tester [56,
104].

Other Applications

HPLC can be used in purification of natural and
synthetic compounds, pre-concentration of trace
components, Ligand-exchange chromatography
and Ion-exchange chromatography of proteins
[56, 101, 104].

New amendments in high-performance liquid
chromatography technique

Several advancements have been made in the
classical HPLC technique and these newer
techniques are Rapid Resolution Liquid
Chromatography (RRLC), Ultra-Performance
Liquid Chromatography (UPLC), Ultra-Fast
Liquid Chromatography (UFLC) and Nano Liquid
Chromatography (Nano LC). The description
of these chromatographic techniques and their
comparison with HPLC are summarized in Table 1
and discussed in the following sections [105, 106].
Ultra-Performance Liquid Chromatography
(UPLCO)

With UPLC method, the sensitivity, resolution,
and speed of the analytical process are improved.
In this method, fine particles are used which helps
in reducing the consumption of solvent and makes
the method cost-effective. Ultra-Performance
Liquid Chromatography is an evolved version of
HPLC [107]. As in HPLC, packing materials have
evolved which further influences the separation. It
has been observed that the particle’s size present in

the column directly affects the column’s efficiency;
as the particle size reduces, it ultimately increases
its resolution. According to the famous Van
Demeter equation, if the particle size decreases
to <2.5um, a significant increase in efficiency is
observed. This increase in peak capacity (number
of peaks resolved per unit time) and speed of
analysis when smaller particles are used is called
Ultra Performance. UPLC has several advantages
over HPLC that including maintained resolution
performance, decreased run time with increased
sensitivity using UPLC. It is more selective, more
sensitive with low operational cost. It has vibrant
range of liquid chromatographic analysis. Process
cycle times get reduced which further helps in
producing more products using existing resources
and solvent consumption is also less with UPLC
[108, 109].

Applications of UPLC

UPLC finds application in drug discovery due to
its high throughput quantitative analysis. It helps
in the investigation of amino acids, determination
of pesticides, testing of herbal products and
traditional remedies. It helps in the identification
of metabolites, ADME (Absorption, Distribution,
Metabolism, Excretion) Screening, Bio-analysis
/ Bioequivalence Studies and dissolution testing
[110, 111].

Rapid Resolution Liquid Chromatography
(RRLC)

RRLC system was designed to provide the
maximum resolution and testing promptness and
has become a method being commonly used in
the pharmaceutical industry. With RRLC method,
an excellent shape of the peak is observed during
analysis along with increased reproducibility and
sensitivity. The high speed of detection and reduced
cost of analysis make this method a valuable one
in the field of quality control of herbal medicines.
With improved resolution and reduced analysis
time, the HPLC method has also been improved
and the use of smaller particles in HPLC became
more popular. This relationship between the factors
like efficiency of separation, the linear velocity of
mobile phase, and size of the particles was studied
deeply in the early 1970s, which has resulted in
high resolution and high throughput HPLC of the
present day. Using a shorter column can help in
reducing the time of analysis, but at the same time
leads to a decrease in theoretical plates and thus
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reduces the chromatographic resolution which
is mainly required for the separation of complex
mixtures of compounds. To maintain efficiency
and to avoid the loss of theoretical plates, the
use of smaller size particles has been found to
be more effective. Therefore, longer columns
and smaller particle sized packing material as
used in RRLC, produce higher resolution and
efficiency, with reduced analysis time without loss
of chromatographic resolution [112-114]. RRLC
possess advantage over HPLC that it is the faster
chromatography, having high resolution power
[113-114].

Applications of RRLC

Finds its use in testing the quality of Rhodiola rosea
roots and commercial standardized products. Fast
analysis of phenolic antioxidants and erucamide
slip additives in polypropylene homopolymer
formulations using 1200 RRLC with RRHT
columns and method translator [114-115].

Nano Liquid Chromatography (NLC)

Nano liquid chromatography can be defined in
several ways based on the rate of flow of the mobile
phase and column diameter. In some literatures,
NLC is defined as a chromatographic technique
in which the flow rate of the mobile phase is nano
ML/minute. The detection aspect of NLC was
considered after 2009, when the scientist Ali and
his co-workers gave a scientific definition of NLC,
which is an appropriate one. They defined NLC as
a chromatographic method that involves samples in
nanolitre quantities with flow rates of mobile phase
of nano ml/min and a detection limit of nano grams/
ml [116, 117]. NLC has several advantages like:
NLC is a quicker and cheaper technique compared
to HPLC. It produces less waste due to reduction in
consumption of mobile phase. It helps in increasing
the sensitivity along with reducing the sample
requirement. Resolution power for analysing the
complex sample has been found to be increased.
Also, it has possessed higher efficiency [118, 119].
Nano LC is capable of separating sulphonamides,
peptides. They are responsible for the discovery of
glycomics towards biomarker using nano-LC and
also used for glycobio-analysis [116, 117, 119].
Ultra-Fast Liquid Chromatography (UFLC)
UFLC has been found to have about ten times higher
speed than traditional liquid chromatographic
methods with approx. three times better separation
even at normal levels of pressure. By maximizing

the column performance, the UFLC method has
been reported to minimize the deviation of the
technique from the van Demeter theory. The
technique ensures ultrafast analysis without
affecting analytical reliability and precision [120,
121]. UFLC possess advantage over HPLC is that it
reduces the testing duration by 75 % compared to a
regular Liquid Chromatographic system and it also
increases the separation performance [120]. UFLC
finds applications in many areas like identification
of iodiconazole in micro-dialysis samples, analysis
of podophyllotoxin in dermal and blood micro-
dialysis samples of rats, simultaneous analysis
of fluoroquinolones and xanthenes derivatives in
serum, testing of isoflavones in soy and study of
catechins in green tea [120, 121].Table 1 shows
the comparison between HPLC, RRLC, UPLC,
UFLC, AND Nano LC, whereas Table 2 discusses
the recent patents related to HPLC for the treatment
of various diseases.

CONCLUSION

High Performance Liquid Chromatography is
one of the most widely used analytical techniques.
Using this technique, it is possible to produce
very pure compounds. HPLC is useful both
at the laboratory as well as clinical level and
provides accurate, precise results with increased
specificity. In this paper, the authors have tried
to conclude that HPLC is a reproducible and
versatile chromatographic method for analysing
drug products, having a wide range of applications
in both qualitative and quantitative estimation of
various biological and drug molecules. Along with
this, a number of patents and research have also
proved the applicability of the HPLC technique
in the healthcare sector in various areas, which
paves the path for many successful prospects of
this analysis technique.
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