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« ABSTRACT:

Chromatography is defined as a set of techniques which is used for the separation of constituents in a mixture. This
technique involves 2 phases stationary and mobile phases. The separation of constituents is based on the difference
between partition coefficients of the two phases. The chromatography term is derived from the greek words namely
chroma (colour) and graphein (to write). The chromatography is very popular technique and it is mostly used
analytically. There are different types of chromatographic techniques namely Paper Chromatography, Gas
Chromatography, Liquid Chromatography, Thin Layer Chromatography (TLC), lon exchange Chromatography and
lastly High Performance Liquid Chromatography (HPLC) HPLC is the dominant separation technique to detect,
separate and quantify the drug. A number of chromatographic parameters were analyzed to optimize the method
like sample pre treatment, choosing mobile phase, column, detector selection. The objective of this article is to
review the method development, optimization and validation. HPLC method development depends on chemical
structure of the molecules, synthetic route, solubility, polarity, pH and pKa values, and functional groups activity etc.
Validation of HPLC method as per ICH Guidelines gives information regarding various stages and knowing
characteristics like Accuracy, specificity, linearity limit of detection, limit of quantification.

Keywords: Chromatography, High Performance Liquid Chromatography, Instrumentation, Elution, Applications,
Mobile Phase.

% INRTRODUCTION

High Performance Liquid Chromatography which is also known as High Pressure Liquid Chromatography. It is a
popular analytical technique used for the separation, identification and quantification of each constituent of
mixture. HPLC is an advanced technique of column liquid chromatography. The solvent usually flows through column
with the help of gravity but in HPLC technique the solvent will be forced under high pressures upto 400 atmospheres
so that sample can be separated into different constituents with the help of difference in relative affinities.(1-7)

HPLC is recognized from traditional ("low weight") liquid chromatography because operational pressures are
fundamentally higher (50 bar to 350 bar), while normal liquid chromatography regularly depends on the power of
gravity to pass the portable stage through the segment. Because of the small sample amount isolated in scientific
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HPLC, column section measurements are 2.1 mm to 4.6 mm distance across, and 30 mm to 250 mm length.
Additionally, HPLC segments are made with smaller sorbent particles (2 um to 50 um in normal molecule size). This
gives HPLC high determining or resolving power (the capacity to recognize components) while isolating mixtures,
which makes it a prominent chromatographic method.(8-17)

¢ HISTORY

Preceding HPLC researchers utilized standard liquid chromatographic methods. Liquid chromatographic systems
were to an inefficient because of the flow rate of solvents being reliant on gravity. Separations took numerous
hours, and some of the time days to finish. Gas chromatography (GC) at the time was more effective than liquid
chromatography (LC), in any case, it was trusted that gas stage partition and investigation of extremely polar high
atomic weight biopolymers was impossible. GC was ineffectual for some organic chemists due to the thermal
instability of the solutes. Accordingly, alternative techniques were hypothesized which would soon bring about the
advancement of HPLC. Taking after on the original work of Martin and Synge in 1941, it was anticipated by Cal
Giddings, Josef Huber, and others in the 1960s that LC could be worked in the high-proficiency mode by decreasing
the pressing molecule measurement generously beneath the run of the mill LC (and GC) level of 150 um and utilizing
pressure to expand the versatile stage velocity. These expectations experienced broad experimentation and
refinement all through the 60s into the 70s. Early developmental exploration started to enhance LC particles, and
the innovation of Zipax, an externally permeable molecule, was promising for HPLC technology. The 1970s achieved
numerous advancements in equipment and instrumentation. Specialists started utilizing pumps and injectors to
make a simple configuration of a HPLC system. Gas amplifier pumps were perfect since they worked at consistent
pressure and did not require release free seals or check valves for steady flow and great quantitation.

++ PRINCIPLE

Chromatography involves the separation of the components of a mixture by virtue of differences in the equilibrium
distribution (K) of the components between two phases: the mobile phase and the stationary phase. The principle of
HPLC separation is the affinity between non polar stationary phase and polar mobile phase. When a mixture of
compound is introduced into the HPLC column, they travel according to their relative affinities towards the
stationary phase. The compound which has less affinity towards the stationary phase travels faster. The compound
which has more affinity towards the absorbent travels slower and by this method, very smaller particles are used for
column preparation which gives a much greater surface area for interaction between stationary phase and
molecules flowing past it. This allows a much greater separation of components of mixture.

——p———

F
I

Figure 1: HPLC- Agilent Instrument

< TYPES OF HPLC(27-28)

Types of HPLC generally depend on phase system used in the process. Following types of HPLC generally used in
analysis
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» Normal phase chromatography:

Also known Normal phase HPLC (NP-HPLC), this method separates analytes based on polarity. NP-HPLC uses a polar
stationary phase and a non-polar mobile phase. The polar analyte interacted with and is retained by the polar
stationary phase. Adsorption strengths increase with increased analyte polarity, and the interaction between the
polar analyte and the polar stationary phase increases the elution time.

> Reversed phase chromatography:

Reversed phase HPLC (RP-HPLC or RPC) has a non-polar stationary phase and an aqueous, moderately polar mobile
phase. RPC operates on the principle of hydrophobic interactions, which result from repulsive forces between a
polar eluent, the relatively non-polar analyte, and the non-polar stationary phase. The binding of the analyte to the
stationary phase is proportional to the contact surface area around the non-polar segment of the analyte molecule
upon association with the ligand in the aqueous eluent.

> Size exclusion chromatography:

Size exclusion chromatography (SEC), also called as gel permeation chromatography or gel filtration chromatography
mainly separates particles on the basis of size. It is also useful for determining the tertiary structure and quaternary
structure of proteins and amino acids. This technique is widely used for the molecular weight determination of
polysaccharides.

> lon exchange chromatography:(27-28)

In lonexchange chromatography, retention is based on the attraction between solute ions and charged sites bound
to the stationary phase. lons of the same charge are excluded. This form of chromatography is widely used in
purifying water, Ligandexchange chromatography, lon-exchange chromatography of proteins, High-pH anion-
exchange chromatography of carbohydrates and oligosaccharides, etc.

» Bio-affinity chromatography:

Separation based on specific reversible interaction of proteins with ligands. Ligands are covalently attached to solid
support on a bio-affinity matrix, retains proteins with interaction to the column-bound ligands. Proteins bound to a
bioaffinity column can be eluted in two ways:

e Biospecific elution: inclusion of free ligand in elution buffer which competes with column bound ligand.
e A specific elution: change in pH, salt, etc. which weakens interaction protein with column-bound substrate.

Because of specificity of the interaction, bioaffinity chromatography can result in very high purification in a single
step (10 - 1000-fold).

+ INSTRUMENTATION
The basic HPLC system is consists of following parts
1)Solvent are mobile phase resiovoir
2)High pressure pump
3)Injector
4)Column
5)Detector

6)Data recording and interpretation unit

IJCRT2106828 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 9881


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 6 June 2021 | ISSN: 2320-2882

sample
::r':\(;:) Injector Detector
HPLC column I
HPLC Data aquisition

solvent

%

waste

Figure 2 : Parts of HPLC System

Solvent delivery system:

The mobile phase is pumped under pressure at a high pressure at about 1000 to 3000 psi; from one or several
reservoirs and flows through the column at a constant rate. With micro particulate packing, there is a highpressure
drop across a chromatography column. Eluting power of the mobile phase is determined by its overall polarity, the
polarity of the stationary phase and the nature of the sample components. For normal phase separations eluting
power increases with increasing polarity of the solvent but for reversed phase separations, eluting power decreases
with increasing solvent polarity.

Pump:

The most important component of HPLC in solvent delivery system is the pump, because its performance directly
effects the retention time, reproducibility and detector sensitivity. The particle size of the stationary phase is 5-10
pum. So resistance to flow is observed. This is the reason that high pressure is required and this is provided by using
pumps. The different types of pumps Include:

e Constant pressure pump which uses a constant pressure to the mobile phase; the flow rate through the
column is determined by the flow resistance of the column and any other restrictions between the pump
and the detector outlet.

e Constant flow pump generates a given flow of liquid, so that the pressure developed depends on the flow
resistance

> Constant pressure pumps:

The simplest type of constant pressure pump is the pressurized coil pump or gas displacement pump. Consisting of
some form of pneumatic device for the direct pressurization of the mobile phase with an inert gas, give a reliable
pulse-free flow and have the advantage of low cost and simplicity. They are however not as accurate as constant
volume pumps but can be used where flow accuracy and reproducibility are less critical. But this is now only of
historical interest.

» Constant flow/volume (Constant Displacement) Pumps:

If a constant flow pump is used, changes in the permeability of the system, caused by settling or swelling of the
packing, or viscosity changes in the mobile phase (due to temperature fluctuations or composition changes) are
compensated for by pressure changes and the flow rate remains constant. Since flow changes cause
nonreproducible retention times, adversely affect resolution, and give unstable base-lines, the constant volume
pump provides a more precise analysis.
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Solvent degassing system:

The constituents of the mobile phase should be degassed and filtered before use because several gases are soluble
in organic solvents. When solvents are pumped at high pressure, gas bubbles are formed which will interfere with
the separation process. Numerous methods are employed to remove the dissolved gases in the mobile phase. They
include heating and stirring, vacuum degassing with an aspirator, filtration through 0.45 filters, vacuum degassing
with an air-soluble membrane, helium purging, ultra-sonication or purging or combination of these methods

Sample injector:

Two means for analyte introduction on the column are injection in to a flowing stream and a stop flow injection.
Several devices are available either for manual or auto injection.

a. Septum injectors- for injecting the sample through a rubber septum.

b. Stop flow- in which the flow of the mobile phase is stopped for a while and the sample is injected through a valve
device.

c. Rheodyne injector (loop valve type) - it is the most popular type. This has a fixed volume loop like 20-50 ul or
more. The injector has two modes, i.e., load position when the sample is loaded in the

loop and the inject mode, when the sample is injected.

Figure 3: Rheodyne Injector

Column:
» Guard column:

Guard coloum has very small quantity of adsorbent and improves the life of the analytical column. It also acts as a
prefilter to remove particulate matter, if any, and other material. Guard column has the same material as that of
analytical column. It does not contribute to any separation but is necessarily used before the analytical column to
protect & increase lifetime of column. Operator usually slurry or dry packs short guard column regularly with same
or similar packing used in analytical column (old column material) are used for guard columns.

> Analytical column:

Columns are typically made of polished stainless steel, glass, and polyethylene or poly ether ether ketone (latest).
Column length is around 50 mm to 300 mm and has an internal diameter across of somewhere around 2mm to5
mm. They are generally loaded with a stationary phase with a particle size of 3 um to 10 um. 1gm of stationary
phase provides surface area ranging from 100-860 sg.m. with an average of 400sq.m. In normal phase mode it
contains the silanol groups (hydroxyl group). In the reverse phase mode C18 (Octa Decyl Silane), C8, C4, CN, NH2
columns are used.
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Figure 4: Coloumns

Detector:

Several ways of detecting are used when a substance has passed through the column. A detector used depends
upon the property of the compound to be separated.

> UV detector:

This is the most commonly used type of detector as it can be rather sensitive, has a wide linear range, is relatively
unaffected by temperature fluctuations and is also suitable for gradient elution. It records compounds that absorb
ultraviolet or visible light. The amount of light absorbed will depend on the amount of a particular compound that is
passing through the beam at the time. Absorption takes place at a wavelength above 200nm, provided that the
molecule has at least:

(a) A double bond adjacent to an atom with a lone electron pair
(b) Bromine, iodine or sulfur;

(c) A carbonyl group or a nitro group

(d) Two conjugated double bonds

(e) An aromatic ring;

The mobile phase we use, on the other hand, should absorb little or no radiation. Absorption of radiation by solutes
as a function of concentration, c, is described by the Beer-Lambert law:

A=Ect

Where A = absorbance=path length of the cell and E= molar absorptivity, which is a constant for a given solute and
wavelength.
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Figure 5: Schimadzu SPD20 UV-Detector
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> Refractive Index (RI) detectors

Refractive index (RI) detectors are nonselective and often used to supplement UV models. These detectors sense the
difference in refractive index between the column eluent and a reference stream of pure mobile phase. They are the
closest ones in HPLC to a universal detector, as any solute can be detected as long as there is a difference in Rl
between the solute and the mobile phase. They record all eluting zones which have are Rl different to that of the
pure mobile phase.

> Fluorescence detectors

Compounds that have fluorescence or of with fluorescing derivatives can be obtained are picked up with high
sensitivity and specificity by this detector. The sensitivity may be up to 1000 times greater than with UV detection.
Light of a suitable wavelength is passed through the cell and the higher wavelength radiation emitted is detected in
a right-angled direction. The light intensity and hence the sensitivity are increased by using a relatively large cell
(20ml or greater). Simple units have a fixed excitation wavelength for which band width must not be too narrow and
a fixed wavelength range for fluorescent light detection.

» Electrochemical (Amperometric) detectors

Electrochemistry provides a useful means of detecting traces of readily oxidizable or reducible organic compounds
with great selectivity. The detection limit can be extraordinarily low and the detectors are both simple and
inexpensive. The potential between the working and reference electrodes may be selected. The working electrode is
made up of glassy carbon, carbon paste or amalgamated gold. Frequently a silver/silver chloride electrode is used as
the reference

» Conductivity detectors

This is the classical ion chromatography detector and measures the eluate conductivity, which is proportional to
ionic sample concentration (provided that the cell is suitably constructed). Its sensitivity decreases as the specific
conductivity of the mobile phase increases. The active cell volume of 2ml is very small. Good conductivity detectors
have automatic temperature compensation (conductivity is highly temperature-dependent) and electronic
background conductivity suppression.

» Light scattering detectors

The evaporative light-scattering detector (ELSD) is an instrument for the non selective detection of non volatile
analytes. The column eluate is nebulized in a stream of inert gas. The liquid droplets are then evaporated, thus
producing solid particles which are passed through a laser, LED, or polychromatic light beam. The resulting scattered
light is registered by a photodiode or photomultiplier. Volatile buffers can be prepared with formic, acetic and tri
fluoro acetic acid; all these compounds must be of high purity. “Gradient grade” is not necessarily pure enough for
ELSD detection. The nebulizer gas is usually nitrogen, helium, or compressed air.

> Photo diode array detectors (PDA) detectors

A photodiode array detector is a lined array of discrete photodiodes on an integrated circuit (IC) chip for
spectroscopy. It is placed at the image plane of a spectrometer to allow a range of wave length to be sensed
concomitantly. PDA can be programmed for any wavelength range and all the compounds that absorb at this range
can be identified in a single range. It can also analyze peak purity by matching spectra within a peak. The resulting
spectra are 3-D plot of Response Vs Time Vs Wavelength.
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Other detectors:
» Photoconductivity Detectors

These are sensitive, selective detectors for organic halogen and nitrogen compounds. The eluate is split up as it
leaves the column. One half passes through the reference cell of a conductivity detector and the other half is
irradiated with 214 or 254nm UV light whereupon suitable sample molecules become dissociated into ionic
fragments. The ensuing high level of conductivity is recorded in the measuring cell.

> Infrared Detectors

Every organic molecule absorbs infrared light at one wavelength or another. When an IR detector is used, the mobile
phase chosen must not be self-absorbent at the required wavelength. Hexane, dichloromethane and acetonitrile are
suitable mobile phases for ester detection whereas ethyl acetate is not. The sensitivity is no greater than that of
refractive index detectors.

> Radioactivity Detectors

These are used especially for detecting the b-emitters H3, C14, P32, S35 and 1131. The scintillator required for this
relatively weak radiation is either added as a liquid between the column and the detector or is contained as a solid
in the cell.

Hyphenated HPLC detectors
LC-MS using thermospray—new popularity (pharmaceuticals)
Evaporative light scattering -polymers
LC-FTIR
LC-plasma emission or ICP-MS
» Recorders and Integrator

Recorders: the signals from the detector after amplification (if necessary) are recorded as a series of peaks, each one
representing a compound in the mixture. Baseline and the peaks are recorded with respect to time. Retention time
for all the peaks can be found from the recordings. The area under the peak is proportional to the amount of
substance passed through detector, and this area can be calculated automatically by the computer linked to the
display.

Integrator: improved version of recorders by which signals from the detector are gathered on graph recorders or
electronic integrators that fluctuate in many-sided quality and in their capacity to process, store and reprocess
chromatographic data. The computer integrates the response of the detector to each component and places it into a
chromatograph that is easy to read and interpret.

Derivatization:

In HPLC derivatization is used to enhance the sensitivity and selectivity of detection when available detectors are not
adequate for the underivatized compounds. Both ultra violet absorbing and fluorescence derivatives have been
extensively used. Ultra violet derivatization reagents include N-succinimidyl p-nitro phenyl acetate, phenyl hydrazine
and 3, 5-dinitro benzyl chlorides, while fluorescent derivatives are formed with reagents such as dansyl chloride, 4-
bromo methyl-7-methoxy-coumarin and fluorescamine. Derivative formation can be carried out before the sample is
injected on to the column or by online chemical reactions between the column out let and the detector. Derivative
preparation carried out before separation is called precolumn derivatisation and afterwards is called post column
derivatisation. This allows optimization of the separation process.
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% Application

HPLC finds application in the fields of pharmacy,environmental, clinical, and forensic and also in foodindustry. The
information that can be obtained by HPLCincludes resolution, identification and quantification of acompound. It also
aids in chemical separation, molecularweight determination and purification of mixture ofcompounds.

Chemical Separations is based on the fact that certain compounds have different migration rates for a particular
column and mobile phase. Thus separations of individual components are achieved.

Purification is defined as the process of separating or extracting the target compound from a mixture of compounds
or contaminants. Each compound shows a characteristic peak under certain chromatographic conditions such that
the pure desired compound can be collected or extracted without incurring any other undesired compound.

Molecular weight determination allows determining the molecular weight of chemical substance, pharmaceutical
substances, proteins, etc.

Identification usually is the assay of compounds that are carried using HPLC. The identifying peak should have a
reasonable retention time and should be well separated from extraneous peaks at the detection levels so that pure
compounds are identified easily.

Other applications of HPLC includes:

HPLC industry Applications3There is a wide variety of applications throughout the process of creating a new drug
from drug discovery to the manufacture of formulated products that will be administered to patients. This Process
to create a new drug can be divided into 3 main stages

1. Drug discovery 2. Drug development 3. Drug manufacturing.
LC-MS is the best tool for compound identification and characterization. It may be used as a measurement
tool during high throughput screening. Preparative HPLC is also used to isolate and purify hits and lead
compounds as required. Eg: a combinatorial synthesis. The ability to prove purity of enantiomeric molecules
is a standard in pharmaceutical assays, for which HPLC is suitable.

» Pharmaceutical applications(33-36)

Tablet dissolution study of pharmaceutical dosages form.Shelf-life determinations and stability studies.
Identification of active pharmaceutical ingredients of dosage forms.

Assay of pharmaceutical formulation and analyzing impurities.
Quality control.
Research and development.
» Environmental applications(37-40)
Detection of phenolic compounds in drinking water. Identification of diphenhydramine in sedimented samples.
Bio-monitoring of pollutant.
> Forensics(41-43)
Quantification of the drug in biological samples.
Identification of anabolic steroids in serum, urine, sweat, and hair.
Determination of presence of cocaine and metabolites in blood.

Forensic analysis in textile industry.
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» Clinical(44-47)
Quantification of ions in the human urine.
Analysis of antibiotics in the blood plasma.
Estimation of bilirubin and bilivirdin in blood plasma in case of hepatic disorders.
Detection of endogenous neuropeptides in extracellular fluids.
> Food and Flavor(48)
Ensuring the quality of soft drink and drinking water.
Analysis of alcohol and its derivatives.Sugar analysis in fruit juices.
Analysis of polycyclic compounds in vegetables.
Trace analysis of military high explosives in agricultural crops.
Screening for pesticides and insecticides in fruits.
> Pharmaceutical impurity profiling analysis
1. Structure elucidation of impurities with LC/MS.
2. Rapid condition scouting for method development.
3. Using a fast LC method for higher sample throughput.
> Pharmaceutical drug discovery analysis

Developing a fast, generic method for rapid resolution Liquid chromatography with quadrupole MS detection. Fast,
generic LC/MS method enables drug analysis in less than one minute.

> Recent applications

Analytic method development9-17 and validation are key elements of any pharmaceutical development
program.HPLC analysis method is developed to identify, quantity or purifying compounds of interest. HPLC helps a
lot in stability studies of drug formulations. HPLC helps a lot in stability studies of atropine, antibiotics, &
biotechnologybased drugs like insulin, streptokinase, etc.

1. It is used in inorganic chemistry for separating anions & cations.

2. It is used in forensic science for the separation of phenyl alkylamines (morphine and its metabolites) from blood
plasma, and for the detection of poisons or intoxicants such as alcohol, carbon monoxide, cholinesterase inhibitors,
heavy metals, hypnotics, etc.

3. It is used in environmental studies for analyzing the pesticide content in drinking water

4. It is utilized in food analysis for separating watersoluble and fat-soluble vitamins from variety of food products,
fortified food and animal feed.

5. It is also used for determining antioxidants and preservatives present in the food.

6. It is used in the cosmetic industry for the assay and quality control of various cosmetics like lipsticks, creams,
ointments, etc.

7. It is used for separating various components of plant products with bear structural resemblanceEg: Analysis of
cinchona, digitalis, ergot extracts and licorice.
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8. It is used in the agrichemical industry for the separation of herbicides.

< Advantages

HPLC has many advantages over other methods of chromatography. It has made significant contribution to the
growth of analytical science and its diverse application in pharmaceuticals, environmental, forensics, foods,
polymers and plastics, clinical fields etc.

HPLC provides a highly specific, reasonably precise, and fairly rapid analytical method for a plethora of complicated
samples.

HPLC is capable of tackling macromolecules.
It is profoundly suitable for most ‘pharmaceutical drug substances’.
It offers an efficient means of analysis pertaining to ‘labile natural products’.

HPLC allows the dependable analysis of a good number of products including biochemical, metabolic products,
nonvolatile substance, polar compounds etc.

Preparation and introduction of sample is easy and simple in HPLC.

Resolution of compounds and speed of separation is high.

HPLC software is capable of reporting precise and accurate results.

Sensitivity of detectors used is high.

A large number of stationary phases and columns can be used to suit different ranges of application.
Recording and storage of information is easy.

The columns operated carefully under controlled conditions without overloading.can be resed for significant period
of time.

HPLC coupled with mass spectrophotometers and FT- IR system have improved efficacy.
Along with hyphenated techniques HPLC have been used to analyse impurities in pharmaceutical formulations.

++ Disadvantages

HPLC is considered one of the most important techniques of the last decade of the 20th century. Despite of the
several advantages there are certain limitations also. Limitations include price of columns, solvents and a lack of long
term reproducibility due to proprietary nature of column packing. Others include:

Complexity of separation of certain antibodies specific to the protein.

The cost of developing an HPLC apparatus for assay or method of separation of individual components is
tremendous.

Due to the speed of the HPLC and its reliance on the different polarities; two compounds with similar structure and
polarities can exit the chromatographic apparatus at the same time (co-elution). This is difficult in detecting
compounds.

Low sensitivity of some compounds towards the stationary phase in the columns is difficult.

Certain compounds get absorbed or react with the chemicals present in the packing materials of the column.
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Sometimes the pressure may get too high or low that the column cannot withstand or separation may not takes
place.

Qualitative analysis may be limited unless HPLC is interfaced with mass spectrometry.
Resolution is limited with very complex samples.
Newer trends with better efficacy have been established.

+ CONCLUSION

The literature review of HPLC was done vigilantly and it was found to be one of the most widely used system among
the chromatographic techniques. The choice of detection approach is critical to guarantee that all the components
are detected accurately. Chromatography is a separation technique used to separate the individual compound from
a mixture using a stationary and mobile phase. The review focuses on the principle, types , instrumentation,
application, advantages and disadvantages of HPLC. The pump delivers the mobile phase from a reservoir and on to
a column packing material that typically consists of 3-5 um silica particles. Sample solutions are injected using a
pressure and leak resistant injector onto the mobile phase just before the column. It follows isocratic or gradient
elution techniques and the substance eluted from the column are detected using one or more detectors. The UV
detectors are the standard detector in pharmaceutical quality and control. Thus, HPLC is used in the determination
of drug substances and their metabolites in biological material. It is used for screening of compounds in
pharmaceutical preparation and detecting the impurities present. Also used in the identification of active
ingredients. Using HPLC one can produce extremely pure compounds. It can be used in both laboratory and clinical
science. Most of the drugs in multi component dosage forms can be analyzed by HPLC method because of the
several advantages like rapidity, specificity, accuracy, precision and ease of automation in the same.
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