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ABSTRACT

Today, chromatographic methods detect and
quantify mixture components. All research labs,
pharmaceutical companies, universities, and others
employ chromatography for separation science.
Drug development needs a technology that allows
scientists study drug molecules accurately,
precisely, and easily. Chromatography uses
stationary and mobile phases to separate a mixture.
This work helps the authors comprehend
spectroscopic and chromatographic methods used
in medication development. This study discusses
HPLC, TLC, UPLC, UV-Visible, IR, and NMR
spectroscopic and chromatographic procedures
used to analyze pharmaceutical items.
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INTRODUCTION

pharmacological evaluation

Pharmaceutical analysis is defined as

analytical chemistry that deals with

medications as both  pharmaceutical
products (formulations) and bulk drug
compounds. Pharmaceutical analysis is
used to identify substances, purify
substances, separate solutions or mixtures,
or determine the chemical structure of
chemicals.

Types of Pharmaceutical Analysis-

I Qualitative Analysis: - For the
purpose of identifying  chemical
substances, this approach is used.

ii. Quantitative Analysis: -
Quialification of individual components
in the mixture of thesample.

Quantitative  Analysis: -

analytical
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Quantify a sample impurity. Analysis
techniques: [3] the various pharmaceutical
industry  analytical  techniques  for
qualitative and quantitative drug ingredient
and medicinal product analysis. Analytical

methods for medicines include
chromatographic, electrochemical,
titroscopic, spectroscopic, and
electrophoresis.

CHROMATOGRAPHY: -

Chromatography comes from Greek terms
for color and writing. In chromatography,
stationary and mobile phases separate a
mixture. It's a migratory pattern-based
physical method. The mobile phase
dissolves the mixture (sample) to pass
through the stationary phase. Analytical
and preparative chromatography.
Preparative chromatography, a purification
method, separates and identifies mixture
components. Analytical chromatography is
used with smaller samples to detect an

analysis or evaluate its relative
proportions.
History- In 1900, Russian scientist

Mikhail Tsvet created chromatography.He
separated colored plant pigments in a chalk
column [7]. New chromatography methods
improved several separation processes in
the 1930s.Richard Laurence Millington
and Archer John Porter Martin shared the
1952 Chemistry Nobel Prize. [15, 9] Their
work advanced paper chromatography, gas
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chromatography, and HPLC. They
invented partition chromatography.
Technology has advanced since then.

Chromatography Principle: [10]
Chromatography  physically  separates
mixtures into two phases. The stationary
phase is the porous bed bulk liquid, while
the mobile fluid flows over it with gravity.

Requirements:

e Solid (Silica gel), 80-100 mesh or
100-200 mesh, with a particle size range
of 60-200.

e  Mobile Phase: liquid (petroleum
ether, Acetone, Ether, Toluene, Esters,
Chloroform, etc.

Advantages of Column
chromatography: -
* Mixtures of any kind may be
separated.

* Any amount of the combination
(from g to mg of material) may be
separated.
* A larger selection of mobile phases.
 Automation is conceivable.
* The sample in the preparative kind
may be separated and utilized again.
Disadvantages of Column
Chromatography: -
* Time-consuming process.
* More solvent is needed;
» Automation makes the process more
difficult and expensive.
Application: -
« Compound mixture separation.
* The separation of active ingredients.
* The removal of metabolites from bodily
fluids.
* The process of purifying or impurity
removal
* Drug estimation in formulations or in raw
extracts.
A) Thin-layer Chromatography: -
Using thin-layer chromatography (TLC),

non-volatile mixtures may be
separated.[13] A sheet of an inert substrate,
such as glass, plastic, or aluminum foil, is
used for thin layer chromatography. This
substrate is covered with a thin layer of an
adsorbent material, often silica gel,
aluminum oxide (alumina), or cellulose.
The liquid is referred to as the mobile
phase and this layer of adsorbent as the
stationary phase.

Principle: - Adsorption chromatography is
the separation technique. A
chromatographic plate with a thin coating
of adsorbent has one or more chemicals
spotted on it. Capillary action allows the
solvent in the mobile phase to pass
through. According to each component's
affinity for the adsorbent, the components
migrate. The components that are more
attracted to the stationary phase move
more slowly. The component that has a
lower affinity for the stationary phase
moves more quickly.

Advantages: -

e Simple method and cost of the
equipment islow.

e  Rapid technique.

. Detection is easy and not tedious.
Needs less solvent, stationary phase and
time for every separation when compared
to column chromatography.
Disadvantages: -

. It has a low separation power.

e The automated process becomes
complicatedand therefore costly.

. It is time consuming process for the
separationof compounds.

. It is expensive as higher quantities of
solventsare required.

Application: -

. Separation of mixtures of drugs of
chemical or biological origin, plant
extracts, etc.
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e  Separation of carbohydrates,
vitamins,  antibiotics, proteins,
alkaloids, glycosides, etc
. Identification of related compounds
in drugs.
e To detect the presence of foreign
substances in drugs.
B) Paper chromatography: - Paper
chromatography is a method in which the
passage of liquids over specifically
formulated filter paper is primarily used to
separate unidentified substances.
Principle: -
Instead of adsorption, partition is the major
guiding factor in separation. Water
behaves as a stationary phase in a cellulose
layer of filter paper. As the mobile phase,
organic solvents or buffers are used.
Paper used: - The thickness, flow rate,
purity, method, and other factors all affect
the choice of filter paper. Different
Whatman filter papers, such as No. 1, No.
2, No. 3MM, and No. 17, are utilized.
Modified paper: - Filter paper that has
been acid- or base-washed, made of glass
fiber.
Hydrophilic papers: - documents that
have had glycerol, glycol, formamide,
methanol, etc. changed.

Application: -

v Identification of drugs and
impurities.

v Separation of mixture having
polar andnon-polar compounds.

v It is used to control the purities

ofpharmaceuticals.

C) Gas Chromatography: - Gas is used
in gas chromatography. Gas
chromatography is a popular method for
separating and analyzing chemicals. It has
high resolution, narrow detection limits,
speed, accuracy, and repeatability. Gas
chromatography helps identify impurities

in pharmaceutical prescription products.

Principle: -

Gas chromatography partitions the analyte
between a liquid phase on an inert solid
and a gaseous mobile phase. Organic
molecules partition differently between
stationary and mobile gas phases,
separating them. Based on partition
coefficient, the components elute from
least to most soluble.

Gas carrier:  The mobile phase of gas
chromatography is a combination of
hydrogen, helium, nitrogen, and argon.

lon — Exchange Chromatography: -

It separates ions and polar molecules by
their affinity to the ion exchanger. It works
on proteins, nucleotides, and amino acids.
This method separates cations and anions.
Principle: -

The ions existing in solution and those
present in the ion exchange resin exchange
ions in a reversible manner to produce the
separations.

Application: -

v Softening and demineralization of
water.

v Separation of inorganic ions.

v Separation of sugars, amino acids and
proteins.

v Purification of solution free from
ionicimpurities.

v For extraction of enzymes from
tissues.

v lon exchange column in HPLC.

D)  Gel-Filtration Chromatography
(Gelfiltration, Molecular sieve): -
Dextran-containing compounds separate
macromolecules by size. Gels vary by
molecular weight. [23, 24] Adqueous or
non-aqueous solvents are used. Stationary
phase molecules are small-pored inert.
Most columns use sephadex G type.
Columns also use dextran, agarose gel, and
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polyacrylamide.
Ultra-Performance
Chromatography (UPLC): -
This is a sophisticated method of liquid
chromatography that primarily improves
speed, resolution, and sensitivity. UPLC
may be used to analyze particles with a
diameter of less than 2 m and achieve
greater resolution, speed, and sensitivity
than high performance liquid
chromatography (HPLC).

Fluorimetry and Phosphorimetry: -
Fluorimetry and phosphormetry  for
microscopy have grown in  the
pharmaceutical business. Fluorimetry and
phosphorimetry ~ use  electromagnetic
radiation to analyze samples that contain or
produce excited molecules that emit
radiation or luminesce when they return to
the ground state. Fluorometry and
phosphometry uses increased steadily in
previous studies. These quantitative
methods for measuring drugs in biological
fluids have been utilized before.
Chromatography Columns and Solutions:
Common Problems?

Unable to utilize an HPLC might be
frustrating. Your analysis won't progress
unless you find the issue. Common HPLC
column difficulties include. Knowing their
causes and solutions can save you hours of
frustration. Read on for some of these
difficulties and solutions. It's basic.

Liquid

Consult your HPLC equipment
manufacturer.
No Peaks

Variables may cause HPLC results to show
no peaks or extremely small peaks. Normal
readings have wide, thin, and variable-
height peaks. Small or nonexistent peaks
may indicate a problem with your detector
light;, mobile phase flow, sample,
integrator, injector valve, or recorder.

After turning on your detector, inspect the

cables and connections. Check your
autosampler vials for air bubbles, then test
the system with a new standard solution.
Auto-zero if it doesn't function.

No Flow

Zero output peaks indicate no HPLC
column flow. This might mean your pump
is broken or hindered. The pump head may
leak or trap air.

Start the pump and verify reservoir mobile
phase levels and system flow. Make that
the sample loop is airtight, the mobile
phase is degassed, and the components are
miscible.

After that, check for pump leaks and
system loose fittings. Disconnect your
guard column's tubing and check flow.
Prime the system, release any check
valves, then flush with 100% methanol or
isopropanol if problems persist. High-flow
pump purge.

Pressure Issues

If your pressure is low or nonexistent, your
system may have a leak or air. Broken
check valves or obstructed mobile phase
flow are additional difficulties. If your
system pressure is high, the pump, injector,
in-line filter, tubing, guard, or analytical
columns may be clogged. If pressure is
low, check for leaks, frayed fittings,
broken pump seals, and damaged valves.
Remove the guard and analytical columns
and replace them with unions to disconnect
the injector and detector for high pressure.
Tailing and Fronting (Leading) Peaks
Your peaks may start to front or tail, which
is a tiny incline at the front or rear, rather
than rising and falling in straight lines.
This often indicates that your guard or
analytical column may be fatigued or
overburdened. While fronting may be the
consequence of issues with the sample
solvent, tailing may be brought on by a
contaminated or degraded mobile phase or
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interfering mobile components in the
sample.

If you have tailing peaks, try analysis first
by deleting the guard column; if it fails,
replace it. The analytical column could
also need to be replaced or restored. Make
careful to verify the composition of the
mobile phase and the effectiveness of the
columns.

Negative Peaks

Your recorder leads can be in reverse if
you start to see negative peaks. You may
also have a sample solvent and mobile
phase with very different chemical
compositions, or you might have a solute
whose refractive index is lower than that
of the mobile phase. Additionally, your
mobile phase can be more UV-absorbing
than the components in your sample.
Although working with HPLC column
issues might be irritating, keep in mind
that they are just like any other issues you
are attempting to resolve. Consider the
potential causes of the issue closely, begin
ruling out causes, and implement the
proposed fixes below. In little time at all,
your HPLC columns will be operational
again.

CONCLUSION

In the current research, we look at the drug
development process as it is based on
analytical methods. Chromatography is
now recognized as a very sensitive and
efficient separation technique.
Chromatography is regarded as one of the
most significant recent breakthroughs in
terms of science. Although HPLC was
formerly only used by analysts, it is now
often used by researchers, chemists,
biologists, industrial employees, and other
labs for quality control and research. The
many approaches UV- Visible
spectroscopy, Mass Spectroscopy, Infrared
spectroscopy, Nuclear magnetic resonance,

Fluorimetry, and Phosphorimetry have
been used as spectroscopic techniques for
the quantitative and qualitative evaluation
of pharmaceuticals.

The principles, classifications,
instrumentation, benefits, drawbacks, and
applications of chromatographic and
spectroscopic methods are the main topics

of the review. Due to its higher
productivity dependability, robustness,
resolution, speed, and  sensitivity,

chromatographic procedures promote the
productivity of chemical and
instrumentation processes by providing
more information. It is possible to cut
down on the amount of time needed to
refine new techniques.
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