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INTRODUCTION

1.1 ANALYTICAL CHEMISTRY ™

Everything is made of chemicals Analytical chenyigdetermine what and
how much .In other words analytical chemistry is@@rned with the separation,
identification, and determination of the relativeaunts of the components making
up a sample of matter Analytical chemistry is coned with the chemical
characterization of matter and the answer to tw@oitant questions what it

(qualitative) is and how much is {guantitative)

A) Qualitative Qualitative Analysis refers to analyses in whsthbstances
are identified or classified on the basis of tlokiemical or physical properties, such
as chemical reactivity, solubility, molecular wetighmelting point, radioactive
properties (emission, absorption), mass spect@eauhalf-life, etc Chemical tests
there are numerous qualitative chemical testsgxXample, the acid test for gold and

the Kastle-Meyer test for the presence of blood .

B) Quantitative. In quantitative chemical analysis, a sample epared and
then analyzed to determine the concentration of (onanore) of its components,
Gravimetric Methods — the mass of the analyte onescompound produced from
the analyte  was determined, Titrimetric Methodshe volume or mass of a
standard reagent required to react completely whin analyte was measured.
Titration involves the addition of a reactant ts@ution being analyzed until some
equivalence point is reached. Often the amount aferral in the solution being

analyzed may be determined.
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I ntroduction

Classification of Analytical Techniques?
[) The type of analytical technique — classicainstrumental techniques;
II) The nature of the measurement data generasagle-channel or multi-channel

[1) Quantitation method (by which the analyte centration is calculated) — relative

or absolute techniques
The type of analytical technique- classicalor instrumental techniques

Classical methods in classical analysis, the sigeglends on the chemical
properties of the sample: a reagent reacts contpletgh the analyte, and the
relationship between the measured signal and tredyteoal concentration is
determined by chemical stoichioimetry Classical hods are most useful for
accurate and precise measurements of analyte doswems at the 0.1% level or
higher Mass, volume, and charge are the most comeigmals for classical
techniques, and the corresponding techniques an@eteric technique&lassical
methods of analysis are considered absolute tegbsjdpecause there is a direct and
simple relationship between the signal (mass irvigretry; endpoint volume in

titrimetry) andthe analyte concentrations in thegle.
Precipitation, Extraction, Distillation

Instrumental methods™ Analysis some physical property of the sample is
measured, such as the electrical potential differebetween two electrodes
immersed in a solution of the sample, or the abdit the sample to absorb light.
Some specialized instrumental techniques are capdhletecting individual atoms
or molecules in a sample Analysis at the ppm (ug/amd even ppb (ng/mL) level is

routine an instrumental method encompasses the use of roomeplicated

Dept. of Pharmaceutical Analysis 2 JKK Nattraja College of Pharmacy



I ntroduction

instrumentation based on analytical methods. TiepBag, dissolution, change in

oxidation state, removal of excess reagent, pHsadhent, addition of complexing

agent, precipitation, concentration and the rema¥ahterferences are the various

chemical steps which are part of an instrumentahote

Table. 1 Shows variousstinumental methods analysis

Spectrophotometry | Electrochemical Chromatographic | Miscellaneous | Hyphenated
techniques techniques techniques techniques techniques
Colorimetry Conductometry TLC Thermal LC- MS
UV-Visible Potentiometry GC analysis GC- MS
Fluorescence Coulometry HPLC Mass- LC- NMR
Phosphorescence | /g itamery SPECUIOSCORY ||~ MsiMs

Atomic spectrometry
IR spectrometry
X-ray techniques
NMR

Electro gravimetry

a) Spectrophotometry techniques

b) Electrochemical techniques

c) Chromatographic techniques

d) Miscellaneous techniques

Thermal analysis, Mass spectroscopy

e) Hyphenated techniques

LC MS, GC MS

a) Spectrophotometry techniqueslit measures the interaction of the

molecules with Electromagnetic radiation. Spectemcital methods of analysis, in

which the analyte interacts with electromagnetiaton. Most of the methods in

this category are based on the measurement ofntioirdt of light absorbed by a

Dept. of Pharmaceutical Analysis
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sample; such absorption-based techniques includmi@tabsorption, molecular
absorption, and NMRmethods. The rest of the metlawdsgenerally based on the
measurement of light emitted or scattered by a &gnihese emission-based
techniques include atomic emission, molecular ##soence, and Raman scatter
methods Spectroscopy consists of many differentliGgons such as atomic
absorption spectroscopy, atomic emission spectpyscoultraviolet-visible
spectroscopy, x-ray  fluorescence  spectroscopy, arnefispectroscopy,
Ramanspectroscopy, Dualpolarization interferomeateiGlear magnetic resonance

spectroscopy, photoemission spectroscopy, colonmEMR. Scatter methods.

b) Electrochemical techniquesElectro analytical methods measure the
potential (volts) and/or current (amps) in an elsdtemical cell containing the
analyte. These methods can be categorized accaalimgich aspects of the cell are
controlled and which are measured. The three maiegories are potentiometric
(the difference in electrode potentials is measyradd voltammeter (the cell's
current is measured while actively altering thd'sglotential, conductometryn
voltammetric analysis, the analyte is part of aceblytic cell. Current flows when
voltage is applied to the cell due to the partitgra of the analyte in a redox
reaction the conditions of the electrolytic cele aauch that the magnitude of the

current is directly proportional to the concentratbf analyte in the sample solution.

c) Chromatographic technique Thin layer chromatography Separation
processes are used to decrease the complexity oferiala mixtures.

Chromatography, electrophoreSisC, GC, HPLC
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d) Miscellaneous techniques

Mass spectrometry Anaccelerator mass spectromstst for radiocarbon
dating and other analysis. Mass spectrometry messnrass-to-charge ratio of
molecules using electric and magnetic fields. Treeeseveral ionization methods:
electron impact, chemical ionization, electro spfagt atom bombardment, matrix
assisted laser desorption ionization, and otherso,Amass spectrometry is
categorized by approaches of mass analyzers: megeetor, quadrupole mass
analyzer, quadruple ion trap, time-of-flight. Maggctroscopys a powerful method
for analysis in which the analyte isionized andsaguently detected. Although in
common usage, the term “spectroscopy” is not reafigropriate to describe this
method, since electromagnetic radiation is not lguavolved in mass

spectroscopy.

Thermal analysis Calorimetry and Thermogravimeamnalysis measure the

interaction of a material and heat

e) Hyphenated techniques Combinations of the albesteniques produce a
"hybrid" or "hyphenated" technique several examplesin popular use today and
new hybrid techniques are under development exaggdechromatography mass
spectrometry Liquid chromagraphy infrared specwpyc and capillary
electrophoresis- mass spectrometry. Hyphenatedratepa techniques refer to a
combination of two (or more) techniques to detand geparate chemicals from
solutions. Most often the other technique is somenf of chromatography.
Hyphenated techniques are widely used in chemastd, biochemistry. A slash is
sometimes used instead of Hyphen, especially ifndmme of one of the methods

contains a hyphen itself.
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II) The nature of the measurement data generatedingle-channelor multi-channel

Although they do not actually generate a signadnd of themselves, some
of the more sophisticated separation techniquessurally considered “instrumental
methods.” These Techniques include chromatograpitly edectrophoresis. These
techniques will separate a Chemical sample intondsvzidual components, which

are then typically detected by one of the methaided above.

a) single-channeltechniques will generate but a single number fache
analysis of the sample. Examples include gravimetnid potentiometric analysis. In
the former, the signal is a single mass measurefeeqt mass of the precipitate)

and in the latter method the signal is a singléaga value.

b) Multi-channel techniques will generate a series of numbers fsingle
analysis. Multi-channel techniques are charactdriby the ability to obtain
measurements while changing some independentlyratiattie parameter. For
example, in a molecular absorption method, an atisor spectrum may be
generated, in which the absorbance of a sampleoistared as a function of the
wavelength of the light transmitted through the pEnMeasurement of the sample
thus produces a series of absorbance valueshik idetermination of the absolute or
relative abundance (often expressed as a condenyratf one, several or all

particular substance(s) present in a sample.

[II) Quantitation method (by which the analyte concentration is calculated) —

relative or absolute techniques

a) In absolute analytical techniques, the analyte concentration ba
calculated directly from measurement of the samiie.additional measurements

are required.
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b) In relative analytical techniques, the measurement of the sampkt be
compared to measurements of additional samplesatieaprepared with the use of
analyte standards Knowing the composition of a $anmp very important and
several ways have been developed to make it pesdiBe Gravimetric and
volumetric analysis. Volumetric analysis can be @yma titration based in a
neutralization reaction but it can also be a pigpn or a complex forming

reaction as well as a titration based in a Redagtien, Argentometry titration
Analytical Chemistry Applied to: !

In medicine, analytical chemistry is the basis for clinicabdaatory tests

which help Physician’s diagnosis disease and glragress in recovery.

In industry, analytical chemistry provides the means of tgstiaw
materials and for assuring the quality of finishpdoducts whose chemical
composition is critical. Many household product®l$, paints, pharmaceuticals, etc.
are analyzed by the Procedures developed by arellyinemists before being sold

to the consumer.

Environmental quality is often evaluated by testing for suspected

contaminants using the techniques of analyticahusizy.

Bioanalytical chemistry and analysis - detection and/or analysis of

biological Components (i.e., proteins, DNA, RNArahydrates, metabolites, etc.).

In pharmacy sciences.Pharmaceutical chemistry, Pharmaceutical industry
(quality control). Analytical toxicology is concexd with the detection,

identification and measurement of drugs and otbeei§dn compounds (and their
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metabolites in biological and related specimenstufdd products detection,

isolation, and structural determination.
1.2 UV-VISIBLE SPECTROSCOPY

Ultraviolet—visible spectroscopyor ultraviolet-visible spectrophotometry
(UV-Vis) P! Refers to absorption spectroscopy or reflectampeztsoscopy in the
ultraviolet-visible spectral region. This meansgses light in the visible and adjacent
(near-UV and near-infrared (NIR)) ranges. The ghisomn or reflectance in the
visible range directly affects the perceived caldbthe chemicals involved. In this
region of the electromagnetic spectrum, moleculedetgo electronic transitions.
This technique is complementary to fluorescencetspgcopy, in that fluorescence
deals with transitions from the excited state te ¢nound state, while absorption
measures transitions from the ground state to Xoged state Colorimetric is the
determination of the light absorbing capacity ayatem. A quantitative determination
is therefore, carried out by subjecting a colo@dt®n to those wavelengths of visible
energy which are absorbed by that solution. UV\asille absorption bands are due to

electronic transitions in the region of 200nm N8 nm.

=]

Figure: 1. Shows Beckman DU640 UV/Vis spectrophotoster

Principle of ultraviolet-visible absorption- Molecules containing m-

electrons or non-bonding electrons (n-electronsg) aasorb the energy in form of
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UV/Vis to excite these electrons higher anti-bonding mdé orbitals The more
easily excited the electrons the longer the wawglenof light it can absortJV and

visible absorption bands are due to electronicsitemms in the region of 200 nm to
780 nm organic molecules, electronic transitions ®e p or n electron

transitionfromthegroundstatetoanexcitedstate(s*p*n

U*{drlLi—Luru_Jir ()]

" (anti-kondira)

r (hon-banding)

ENERGY

=

;
E

=

|

¥

9

m (bonding)

o (aondingl

Figure: 2. Shows four types of absorption bands thabccur due to the electronic

transition of a molecule
Beer-Lambert’s law

When light (monochromatic or heterogeneous) fafjerua homogeneous
medium, a portion of the incident light is reflestte portion is absorbed within the
medium and the remainder is transmitted. If thensity of the incident light is
expressed by I, that of the absorbed lightbyhiat of the transmitted light by &nd

that of the reflected light by, lthen
|:|a+|t+|r .......................... (1)

The change of absorption of light with the thickhesf the medium is
frequently given to Lambert, Beer later applied imexperiments to solutions of

different concentrations and published his restifts,two separate laws governing
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absorption are usually known as Lambert's law aeerB law. In the form they are
referred to as the Beer-Lambert law mathematictly,radiation-concentration and

radiation-path-length relation can be expressed by

al il
e 2)
Log (/lo) =TX € Xlvovevevrerceeee, (3)

Where,

I= intensity of the incident energy
= |o=intensity of the emergent energy
= c= concentration(moles/L)

= |=thickness of the absorber (in cm)

I=molar absorptivity for concentration in moles/L

Ellc; which is encountered less frequently in the ditere, represents a
concentration of 1% w/v and 1 cm cell thickness @hdised primarily in the
investigation of those substances of unknown oetardhined molecular weight. A
typical UV absorption spectrum, shown in fig. i, the result of plotting

wavelength v/s absorptivitymdx is denoted bynax.

Absorbance
e

_,—"_:\,-.
Concentration

Figure: 3. Shows a representative Beer-Lambert laylot
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Instrumentation of Ultraviolet—visible spectroscopy Instruments for
measuring the absorption of U.V. or visible ragiatare mac up of the following

components.

a) SourcegUV and visible)

b) Wavelengttselector (monochromatc
c) Sample containers

d) Detector

e) Signal processor and readt

[N OO PR

Figure: 4. Shows Schematic of U- visible spectrophotomete ©

a) Sourcesof UV radiation ! The electrical excitation of deuterium
hydrogen at low pressure produces a continuous p&¢teum. The mechanism f
this involves formation of an excited molecular@ps, which breaks up to give tv
atomic species and an ultraviophoton, both deutarm and hydrogen lamps er
radiation in the range 1€- 375 nm. Quartz windows must be used in these la
and quartz Cuvettesiust be used, because glass absorbs radiationvafiemgths

less than 350 nm.

Dept. of Pharmaceutical Analysis 11 JKK Nattraja College of Pharmacy
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Sources of visible radiation The tungsten filament lamp is commonly
employed as a source of visible light. This typdamhp is used in the wavelength
range of 350 - 2500 nm. The energy emitted by adtam filament lamp is

proportional to the fourth power of the operatimitage.

b) Wavelength selector (monochromator All monochromator contain the
following component parts; An entrance slit ,A guolhting lens ,A dispersing device
(usually a prism or a grating) , a focusing leas exit slit, Polychromatic radiation
(radiation of more than one wavelength) enters rtft@ochromator through the
entrance slit. The beam is collimated, and thekestrthe dispersing element at an
angle. The beam is split into its component wawgtles by the grating or prism. By
moving the dispersing element or the exit slit,iaadn of only a particular

wavelength leaves the monochromator through thieséki

Reflection
Entrance grating Exit
=lit =lit

Figure: 5. Shows Czerneylurner grating monochromator

c) CuvettesThe containers for the sample and reference solutiust be
transparent to the radiation which will pass thtougem. Quartz or fused silica
Cuvettes are required for spectroscopy in the UYfiore These cells are also
transparent in the visible region. Silicate glassas be used for the manufacture of

Cuvettes for use between 350 and 2000
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d) Detectors®

The photomultiplier tube The photomultiplier tube is a commonly used
detector in UV spectroscopy. It consists of a phetassive cathode (a cathode
which emits electrons when struck by photons ofatath), several dynodes (which
emit several electrons for each electron strikingnt) and an anode. A photon of
radiation entering the tube strikes the cathodesiog the emission of several
electrons. These electrons are accelerated towhedfirst dynode (which is 90V
more positive than the cathode). The electrongesthie first dynode, causing the
emission of several electrons for each incidentteda. These electrons are then
accelerated towards the second dynode, to produmes relectrons which are
accelerated towards dynode three and so on. Eubntiee electrons are collected
at the anode. By this time each original photon prasluced 106 - 107 electrons.

The resulting current is amplified and measured.

Photomultipliers are very sensitive to UV and Msibadiation. They have
fast response times. Intense light damages photimirers they are limited to

measuring low power radiation.

Levera] slectrons
for cach
incident elacron

cathode
electrons for

ezch photon
(a)

Figure: 6. Shows photomultiplier tube detector
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b) PhototubeA phototube consists of an evacuated glass buleteTis light
sensitive cathode inside it. The inner surfaceadiiade is coated with light sensitive
layer such as potassium oxide and silver oxide. Miagliation is incident upon a
cathode, photoelectrons are emitted. These arectedl by an anode. Then these are

returned via external circuit. And by this proceasrent is amplified and recorded

Wire anode

Photor beam

D amplitier
and readout

Figumre 7-27 A phototube and accessory circuit. The pho-
tocurrent induced by the radiation causes a potential crop
across K, which is then amplified to drive a meter or
recorder.

Figure: 7. Shows®totube detector

c) Photovoltaic cellis also known as barrier layer it consists of datlie
base plate like iron or aluminium which acts as eleetrode. On its surface, a thin
layer of a semiconductor metal like selenium isad#ed. Then the surface of
selenium is covered by a very thin layer of sileergold which acts as a second
collector tube. When the radiation is incident upios surface of selenium, electrons
are generated at the selenium- silver surface lamclectrons are collected by the
silver. This accumulation at the silver surfaceates an electric voltage difference

between the silver surface and the basis of tHe cel

Applications ©' UV/Vis spectroscopy is routinely used in analytical
chemistry for the quantitative determination offeliént analytes, such as transition
metal ions, highly conjugated organic compoundsl, laiological macromolecules.
Spectroscopic analysis is commonly carried outdlutons but solids and gases
may also be studied. Solutions of transition meas can be colored (i.e., absorb

visible light) because d electrons within the met@ms can be excited from one
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electronic state to another. The colour of metalsolutions is strongly affected by
the presence of other species, such as certaimsoioligands. For instance, the
colour of a dilute solution of copper sulfate ivexy light blue; adding ammonia

intensifies the colour and changes the wavelenbthaximum absorptiorifay).
1.3 CHROMTOGRAPHY [

Chromatography is the ability to sepa&ranolecules using partitioning
characteristics of molecule to remain in a statipnzhase versus a mobile phase.

Once a molecule is separated from the mixturegnthme isolated and quantified
Types of chromatographic techniquesThin layer chromatography

» Paper chromatography

» Column chromatography

» Gas chromatography

» HPTLC

» HPLC
HPLC (High-performance liquid chromatography) **

HPLC is a technique in analytic chemistry used to sgpathe components
in a mixture, to identify each component, and targily each component. It relies
on pumps to pass a pressurized liquid solvent aantathe sample mixture through
a column filled with a solid adsorbent material.cBEacomponent in the sample
interacts slightly differently with the adsorbenaterial, causing different flow rates
for the different components and leading to theasson of the components as they
flow out the column. HPLC has been used for meditadal, research and

manufacturing.
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Figure: 8. Shows High-prformance liquid chromatogaphy instruments
Classification of HPLC techniques:
Based on modes of chromatography
Based on principle of separation Based on elugchnique

Table 2 shows Different modes of chromatography aras follows

Based on Modes of Based on Principle of| Based on Elution technique
chromatography separation

Normal phase Adsorption Isocratic
Reversed Phase lon Exchange Gradient
Size Exclusion
Chiral phase

I) Modes of Chromatography: Modes of chromatography are defined
essentially according to the nature of the intéoast between the solute and the
stationary phase, which may arise from hydrogendimg; Vander walls forces,
electrostatic forces or hydrophobic forces or bggin the size of the particles (e.qg.

Size exclusion chromatography).

a) Normal phasein a very non-polar environment, hydrophilic malkss
will tend to associate with each other (like watleops on an oily surface). The
hydrophilic molecules in the mobile phase will teldadsorb to the surface on the

inside and outside of a particle if that surfacealiso hydrophilic. Increasing the
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polarity of the mobile phase will subsequently @ase the adsorption and
ultimately cause the sample molecules to exit tilenan. This mechanism is called

Normal Phase Chromatography.

b) Reversed PhaseThe opposite of normal phase, or Reversed Phase
Chromatography, results from the adsorption of bgbpbic molecules onto a
hydrophobic solid support in a polar mobile pha3ecreasing the mobile phase
polarity by adding more organic solvent reduces hyelrophobic interaction
between the solute and the solid support resultmgde-sorption. The more
hydrophobic the molecule the more time it will spean the solid support and the

higher the concentration of organic solvent thaeguired to promote de-sorption.
II) Principle of seperation

a) Adsorption chromatography Chromatography in which separation is
based mainly on differences between the adsorpafiimities of the sample

components for the surface of an active solid.

b) Partition chromatography Chromatography in which separation is based
mainly on differences between the solubility of tk@mple components in the
stationary phase (gas chromatography), or on difiggs between the solubilities of

the components in the mobile and stationary ph@isgsd chromatography).

c) lon-exchange chromatographyChromatography in which separation is
based mainly on differences in the ion-exchanganiaffs of the sample
components. Anions like SO3- or cations like N (§3#3are covalently attached to

stationary phase, usually a resin.
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d) Molecular exclusion chromatographyA separation technique in which
separation mainly according to the hydrodynamicunw of the molecules or
particles takes place in a porous non-adsorbingmaatvith pores of approximately
the same size as the effective dimensions in soludf the molecules to be

separated.

e) Affinity chromatography The particular variant of chromatography in
which the unique biological specificity of the aytel and ligands interaction is

utilized for the separation.
[Il) Based on elutation technique

Isocratic, gradient Isocratic versus Gradient Eluton: Elution techniques
are methods of pumping mobile phasethrough a calimithe isocratic method, the
composition ofthe mobile phase remains constangreds in the gradient Method
the composition changes during the separationpsodd®e isocratic method is the
simplest technique andshould be the first choicerwhdeveloping a separation.
Eluentgradients are usually generated by combithegpressurizedflows from two
pumps and changing their individual flowrates wath electronic controller or data

system while maintainingthe overall flow rate camst
Instrumentation of HPLC

Components of HPLC

a) Mobile Phase Reservoirs and Pre-treatmentrayste
b) Solvent Delivery System

c) Pump

d) Sample Injection System
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e) Columns

f) Detectors

HPLC Column
Faching Matera

Chromatogram
heaks » Yok i B

™

Computer Data Station

Injoctor
AutoSamplers
Sample Manager

Solvent
(Mobile Phase) Sample
Resenoir

Pump Detactor
Solvent Manager
Solvent Delivery Systam

Waste

Figure: 9. Shows Schematic representation of an HPLwnit

a) Mobile Phase Reservoirs and Pi-treatment systema good HPLC unit
should have 3F solvent reservoirs to release eluent into a rgiximamber at varyin

rate. Inert container for holding the solvent (melphase

b) Solventdelivery system: Solvent delivery systemsontinuousl' provide
eluent (solvent). Provide accurate mobile phcompositions.Includes solvent

reservoirs, inlet filterand degassing facilities which wo in compositiol.

Inlet Filters: Inlet Filters Type of filter. Stainless Steel ormags with 1(

micron porosityRemoves particulates frosolvent.

DegassingSysten Degassing System Removed dissolved gases (su
oxygen and nitrogen). May consist of vacuum pungiesy, a distillation system,

heating and stirring device, or a system for spe.

Vacuumfiltrationlt can remove the air bubbles. But it is not alwayisloée

and complete.

Heliumpurging Passage of helium through treolvent. This is ver

effective but Heliums expensive.
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Ultrasonicator By using ultrasonicator, this converts ultra-highguency to

mechanical vibrations. This causes the removairdfubbles.

c) Pumping SystemPumping System C constant, reproducible, and pulse
free supply of eluent to the HPLC column. Flow raté&etween 0.1-10 cm 3 min -1

.Operating pressures from 3000 psi to 6000 psi.

Types of Pumping SystenTypes of Pumping System Mainly three types
Constant flow reciprocating pump Syringe (or displaent) type pump. Pneumatic

(or constant pressure) pump.

Constant flow reciprocating pump Constant flow reciprocating pump the
term "reciprocating” describes any continuouslyestpd backwards and forwards
motion. Widely used (~90% in HPLC system) type afmp. It gives a pulsating
delivery of the eluent. Pulse damper is used toenthk flow pulse free. Deliver
solvent(s) through reciprocating motion of a pistora hydraulic chamber. Solvent
is sucked during back stroke and gets deliver ¢octiilumn in forward stroke. Flow

rates of eluent can be set by adjusting pistonatspent in each stroke

Syringe (or displacement) type pumg@Byringe (or displacement) type
pumps Consist of large syringe like chamber (capagp to 500 Cm Plunger
activated by screw-driven and hydraulic amplifieaghine. Suitable for small bore

column

Pneumatic PumpPneumatic Pump Gas is used to pressurize the mobile
phase present in a collapsible solvent containevaAthges: Not very costly.

Provide pulse free flow.
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d) Sample Injection systenSample Injection systems introduce required
sample volume accurately into the HPLC system athiction of sample without
depressurizing the system. Volume of sample mustebg small (2 puL to 500 uL).
Types of injection system: Manual injection (Rheely Valco injectors) Automatic
injection

Manual Injector Manual Injector Also known as Rheodyne /
Valcoinjectors. User manually loads sample into thgctor using a syringe.
Overloading of column causes band broadening heakeme used must be very

small (2 puL to 500 pL). Sample should be introdusgitiout depressing the system.

Automatic Injector SystemAutomatic Injector System Also known as
Autosampler. Programmed based sample delivery mystéser loads vials filled
with sample solution into the Autosampler tray (16@mples). Autosampler
automatically 1.Measures the appropriate samplenve| 2.Injects the sample, 3. F
lushes the injector to be ready for the next samgtie, until all sample vials are

processed. Also controls the sequence of samplésjéation from viald?

e) HPLC Columns Columns Material Stainless steel (highly polished
surface) External diameter 6.35 mm Internal diamete5 mm (usual 4.6 mm)
Length: 10-30 cm (usual 25 cm) Packing particleze (3 pm, 5um, 10 pm)
Stainless steel frits or mess discs (porosity <2) pstain packing material
Efficiency or performance of a column may be meeguny fallowing expression N
=16(VR/WB)2...(a) H=L/N ...(b) VR = Retentiamolume of the solute W B
= Volume occupied by a solute ( For efficient coum/ B <V R ) N = Plate
number of the column (dimensionless) H = Heighthaf column (mm x pm) L =

Length of the column (cm) For more efficient colurNi should be larger and
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correspondingly ‘H’ gets smaller. Factors affectifficiency of column: Particle
size Flow rate Thickness of stationary phase Mopliase viscosity Diffusion of
solute in mobile and stationary phases How welblaran is packed For prolonged
life of HPLC columns Guard column Scavenger coluhermostats Guard column:
Also know as pre-column. Placed in between injeatat analytical column. Having
same material as in column but with larger sizdigdas ~ 30-40 pum. Scavenger
column: Place between the pump and injection vaBaturate the aqueous eluent
(specially high or low pH buffers) with silica. @ohn thermostats: HPLC is
performed at ambient temperature in number of caSestrols temperature of the
column for better resolutions (chromatograms). HPikCperformed at ambient
temperature in many cases. On the basis of chrgretbic objective HPLC
column can be categorized as follows: 9/22/2013 Xfhale Chromatographic
Objectives Analytical Information (compound idem#tion and concentration)
Semi-preparative Data and small amount of purifiechpound [<0.5 g] Preparative
Large amount of purified compound [>0.5 g] Procésslustrial) Manufacturing

guantities (g to kg)

—— m——— -—,-'—::"3

Stainless Steel j E‘“

Figure: 10. Shows Picture of HPLC column

Precolumn/Guard Column A guard column is placed between the
analytical column and sample injector port andilled with the same packing
material as that of the analytical column. It potéethe analytical column from

damage or loss of efficiency by strongly adsorbthg particulate matter or
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impurities present in the sample or the solvenesthare made up of stainless steel
that helps them withstand high pressure of aboQ0p§i.They are usually short in
length ranging between 2-20 cm.Smaller inner diamet Precolumn gives good

results and helps to increase their working efficie

Stationary Phase (column packingBtationary Phase (column packing)
the stationary phase is the substance fixed ineplir the chromatography
procedure. The stationary phase can be a soliqual| or a bonded phase. Bonded
phase is a stationary phase that is covalently éxdbmal the support particles or to the
inside wall of the column tubing. Chemically-moddi silica’s, unmodified silica or
cross-linked co-polymers of styrene and divinyl Zmme, commonly used as
stationary phase. Silica particles as the basthe@kupport. Sizes 3 um, 5 um, and
10 pum (spherical and regular in shape). Pore simaally in the 60 — 100 A range.
Pore size of 300 A or larger being used for latiemolecules. Columns are packed
using high-pressure to ensure that they are stdbfang use. Several types of
particles are used in HPLC column packing. Microrops (or diffusive)
particle/Porous microsphere Perfusion particles pdoous (or micropellicular)
Chiral (bounded) stationary phase. Thorough pofeaugive Pore Perfusion Particle
5 um Microporous Particle Micropellicular particlédolid core Liquid or ion
exchange film Microporous (or diffusive) Particlégain surface area is within the
pores to interact with the stationary phase. Speaflicles reduce the diffusion path
length and thereby band broadening. Zorbax Rx ((i)ica sol) is a porous
microsphere silica particle with 50% porosity angiate size of 100 A.Perfusion
Particles: The particle consists of both smallf(difve) and large (through) pores in
them. Diffusive pore provide sorption power. Thrbugore permits the mobile

phase to pass directly through the packing. Skglrger than Microporous
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particles (~ 12 pm).Nonporous particles: Made fether silica or resin. Smaller in

size (1.5 - 2.5 um) with thin porous layer.

Mobile PhaseMobile Phase Also known as eluent. Solvent useHmh.C
must be of HPLC grade i.e. filtered using (.2 filter. Eluting power of the mobile
phase is determined by its overall polarity, sty phase polarity and the nature
of the sample components. For 'normal-phase’ sepasaeluting power increases
with increasing polarity of the solvent, while foeverse-phase ' separations eluting

power decreases with increasing solvent polarity.

f) Detectorsdetector refers to the instrument used for qual#gaand
guantitative detection of analytes after separatidonitors the eluent as it emerges
from column. Establishing both the identity and @amration of eluting
components in the mobile phase stream. Charaatsrisf detectors: Adequate
sensitivity (10 -8 to 10 -15 g solute sec -1). Deistability and reproducibility Sort
response time Minimal internal volume (minimize eohroadening). Detectors
Continuous Sensitivity: E expressed as the noisdvakgnt concentration. The
solute concentration, which produces a signal etju#te detector noise level. The
lower the value of for a particular solute, the eneensitive is the detector for that
solute. A linear response the linear range of @afet is the concentration range
over which its response is directly proportionathe concentration of solute. Type
of response: Detector is either universal or selectUniversal (sense all the

constituents of the sample). Selective (resporwkttain components).

Refractive Index Detector The response is dependent on changes in
refractive index of eluting compounds in the molplease. The mobile phase itself

should have refractive index different from the panThe detector is less sensitive
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than UV-VIS detector. Temperature control is neagsss it has high temperature

sensitivity. Typical applications are in Size Exsstn Chromatography.

Light Scattering Detectors Light scattering detectors are useful for
detection of high molecular weight molecules. Aftemoval of mobile phase by
passing through a heated zone the solute moleautedetected by light scattering
depending on molecular sizes band moves fastesinglfirst from the column, it is
the first peak drawn. A little while later, the rédnd reaches the flow cell. The
signal rises up from the baseline as the red bmstdenters the cell, and the peak
representing the red band begins to be drawn. &tleband has not fully passed
through the flow cell the red band and red peaklavtaok like if we stopped the
process at this moment. Since most of the red basgassed through the cell, most
of the peak has been drawn, as shown by the so&d If we could restart, the red
band would completely pass through the flow celtl dhe red peak would be
completed [dotted line]. The blue band, the mostrgfly retained, travels at the

slowest rate and elutes after the red b&fld.

Conductivity detectors Conductivity detectors Conductivity measurement
of effluent. Mainly measure inorganic ions and dmoajanic substances, including
organic acids and amines. Conductivity detectorsuess electronic resistance and
measured value is directly proportional to the emi@tion of ions present in the

solution .Employed as a detector in an ion chrograjghy.

Ultraviolet Detector Ultraviolet Detector based on the principle of
absorption of UV visible light as the effluent fraitme column is passed through a
small flow cell placed in the radiation beam. Highnsitivity (detection limit of

about 1x10 -9 g mL -1 for highly absorbing compaosindDetector cells are
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generally 1 mm diameter tubes with a 10 mm optedh length. UV-VIS Detector
is the most commonly used detector. Its responsspegific to a particular
compound or class of compounds depending on theepce of light absorbing
functional groups of eluting molecules. Some conmaisuwhich do not have such
light absorbing groups can give suitable respofftee post column derivatization to

introduce light absorbing entities

Figure: 11. Shows images of UV detectors of HPLC

Photodiode-array detectorsa photodiode array (PDA) is a linear array of
discrete photodiodes on an integrated circuit @@ip. A photodiode is a type of
photo detector capable of converting light irdibher current or  voltage,
depending upon the mode of operatioimcorporation of large number of diodes
which serve as detector elements makes possibldtameous monitoring of more
than one absorbing component at different wavelengthis provides benefit of

time saving and cost reduction on expensive solvent

Fluorescence Detector&luorescence Detectors based on filter- fluoringeter
or spectrofluorimeters. Flow cell has a capacity2bQL with a narrow depth (1.07
mm) and large surface area for excitation-emissiollection. The fluorescent
radiation emitted by the sample is usually measate@0° to the incident beam.

Simplest detector: mercury excitation source, aitteré (one/more). Advanced
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detector: xenon source and a grating monochromat@olate emitted fluorescent

radiation.

Electrochemical Detector Electrochemical Detector The term
‘electrochemical detector' in HPLC normally refevsamperometric or coulometric
detectors. Measure the current associated witloxidation or reduction of solutes.
Complete removal of oxygen is almost difficult, @lechemical detection is
normally based upon the oxidation of the solute parometric detector is presently
considered to be the best electrochemical detedforking electrode: Commonly
made of glassy carbon, is the electrode at whiehetbctro active solute species is
monitored. Reference electrode: Usually a Ag- AgBdctrode, gives a stable,
reproducible voltage to which the potential of therking electrode is referred.
Auxiliary electrode: current-carrying electrode amgbally made of stainless steel.
Potentiostat from Column to waste Auxiliary Eledeo Reference Electrode

Working Electrode Electro Chemical Detector.

Mass Spectroscopic Detector Mass spectroscopy offers very high
sensitivity and selectivity. Detection is based feegmentation of molecules by
electric fields and separation on basis of massharge ratios of fragmented
molecules. LC —-MS technique has opened up new agijgih areas due to

advantages of resolution and sensitivity.

Applications of HPLC Used for both qualitative and quantitative analyses
of environmental, pharmaceutical, industrial, faen clinical, and consumer
product samples. A few typical examples: | solatadnnatural pharmaceutically
active compounds control amicrobiological processes Assay of cephalosporin

assay of frusemide Assay of theophylline Assay ofticosteroids assay of
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dichlorphenamide Assay of human insulin.
1.4 ANALYTICAL METHOD DEVELOPMENT

Method development™ : The number of drugs introduced into the market
is increasing every year. These drugs may be eitéwrentities or partial structural
modification of the existing one. Very often thasea time lag from the date of
introduction of a drug into the market to the dattés inclusion in pharmacopoeias.
This happens because of the possible uncertaiiitighe continuous and wider
usage of these drugs, reports of new toxicitiesuftimg in their withdrawal from the
market), development of patient resistance andodiuiction of better drugs by
competitorsin general, methods for regulatory slsian must include studies on
specificity, linearity, accuracy, precision, rangetection limit, quantization limit,
and robustness which ensure that the analyticahadetogy in question gives
timely, accurate, reproducible and reliable datéclviare adequate for the intended
purpose of useThe evolutionary process of HPLC WRC method development
and utilization at each stage of the drug develognmocess is to fulfil the

scientific, regulatory, and business needs of ampheeutical companyy®
Early Phase Method Development

The primary goal of early phase method developmientto gain a
fundamental knowledge of the chemistry of drug safises and drug products to
facilitate optimization of synthetic schemes andgdproduct formulations. At the
same time, methods are required for release ahditstatudies to support clinical

trials and must assure that products are saferm vi
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Late Phase Method Development

The late-phase methods are filed with regulatoth@ities and are used for
stability studies and for the release of the druagglpct (DP) or drug substance (DS)
validation batches. For release testing of productbatches, the methods are
generally transferred to the operational qualitptoad (QC) laboratories. In most
cases, the development group tries to completiasts as well as possible with the
talent and time available to them. The method isgdated according to standard

operating procedures and transferred to the aplicéabs.
Method development is done

1) For new products

2) For existing products

Methods are developed for new products when naciaffimethods are
available. Alternate methods for existing (non-phacopoeial) products are
developed to reduce the cost and time for bettigion and ruggedness. Trial runs
are conducted, method is optimized and validatedemalternate method proposed
is intended to replace the existing procedure, @atve laboratory data including

merit/demerits are made available.
Steps of Method Development

Documentation starts at the very beginning of teeetbpment process, a
system for full documentation of the developmentl&s must be established. All
data relating to these studies must be recordethboratory notebook or an

electronic database.
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The analytical method development consists of faithg steps!

Analyte standard characterization
Literature review

Define the goal of method

Choosing a method

Instrumental setup and initial studies
Optimization

Method development

Validation as per ICH guidelines

Documentation of analytical figures of merit

Analyte standard characterization:

All information about the standard analyte will tdgtained

The standard analyte (100% purity) is obtained@ogerly stored.

When multiple components are to be analyzed instmple matrix, the
number of components is noted, data is assembldden availability of

standards for each one is determined.

Only those methods (MS, GC, HPLC etc.,) that amapatible with sample

stability are considered.

Literatures search and prior methodology:

The information related to the analyte is survefggdsynthesis, physical and

chemical properties, solubility and relevant anagitmethods.

Books, periodicals and USP/NF, and publicationgeveewed.
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Method requirements:
* The goals of the analytical method that need tdeéxeloped are considered.

* The detection limits, selectivity, linearity, rangeccuracy and precision are

defined
Choosing a method:
* Using the information in the literatures, methodplas adapted.
* The methods are modified wherever necessary.

» If there are no prior methods for the literatubes tompounds that are similar

in structure and chemical properties are investjand are worked out.
Instrumental setup and initial studies:

* The required instrumentation is setup Installatmpgrational and performance

Qualifications of instrumentation verified by usilagporatory SOP’s.

* Always new solvents, filters are used, for exampiethod development is

never started, on a HPLC column that has been eesdidr.

 The analyte standard in a suitable injection/iniiitbn solution and in

known concentrations and solvents are prepared.

* Analysis is done using analytical conditions ddsedli in the existing

literature.
Optimization:

* During optimization one parameter is changed atinae,t and set of

conditions are isolated, rather than using a &mal error approach.
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* Work has been done from an organized methodical, @ad every step is

documented in a lab notebook
Documentation of analytical figures of merit:

* The originally determined analytical figures of mdimit of quantitation
(LOQ), limit of detection (LOD), linearity, time penalysis, cost, sample

preparation etc., are documented.
Evaluation of method development with actual sampke

* The sample solution should lead to unequivocalplabs identification of

the analyte peak of interest apart from all othatrm components

Determination of percent recovery of actual sampleand demonstration of

guantitative sample analysis:

Percent recovery of spiked, authentic standardytnaito a sample matrix

that is shown to contain no analyte is determined.

* Reproducibility of recovery (average+/- standaedidtion) from sample to

sample and whether recovery has been optimized.

It is not necessary to obtain 100% recovery ag las the results are

reproducible and known with a high degree of catyai
» The validity of analytical method can be verifieayoby laboratory studies.

» Therefore documentation of the successful compietbsuch studies is a
basic requirement for determining whether a meti®dsuitable for its

intended applications
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1.5 ANALYTICAL METHOD VALIDATION

Validation **:Vvalidation may be defined as a systematic studychhielps
to prove that the systems and process perform jiieiadequately & consistent by

as specified.

Objective of Validation The primary objective of validation is to
form a basis for written procedures for productemd process control which
are designed to assure that the drug products haee identity, strength,
qguality and purity they purport or are representegrocess. Quality, safety
and efficacy must be designed and built into thedpcts. Each step of the
manufacturing process must be controlled to maxemike probability that

the finished product meets all quality and desigecsfications!*®

Steps followed for validation procedures

Proposed protocols or parameters for validatioesestablished.

Experimental studies are conducted.

Analytical results are evaluated

Statistical evaluation is carried out.

Report is prepared documenting all the results.

According to ICH, typical analytical performance characteristics that should

be considered in the validation of the types of mbkbds are

a) Accuracy

b) Precision

c) Linearity Range

d) Limit of Detection and limit of Quantitaho

e) Selectivity and Specificity
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f) Ruggedness
g) Robustness

h) System suitability

(a) Accuracy: -The accuracy of an analytical method may be éefias the
closeness of the test results obtained by the rdetbathe true value. It is the

measure of the exactness of the analytical metbadldped.

(b) Precision: -The precision of an analytical method is the degoée
agreement among individual test results when ththadeis applied repeatedly to
multiple samplings of homogenous samples. This ssally expressed as the
standard deviation or the relative standard deamatjcoefficient of variation).
Precision is a measure of the degree of reproditgibr of the repeatability of the

analytical method under normal operating circuntstan

Determination of Repeatability- Repeatability can be defined as the
precision of the procedure when repeated by samysirunder the same operating
conditions (same reagents, equipment, settingdadoatatory) over a short interval

of time.

Determination of reproducibility - Reproducibility means the precision of
the procedure when it is carried out under differmanditions-usually in different
laboratories-on separate, putatively identical damptaken from the same
homogenous batch of material. Comparisions of tesabtained by different
analysts, by the use of different equipments, orchyrying out the analysis at

different times can also provide valuable inforroati

(c) Linearity and range:-The linearity of an analytical method is its alyilit

to elicit test results that are directly (or by aelwdefined mathematical
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transformation) proportional to the analyte concaign in samples within a given
rangeThe range of an analytical method is the interedieen the upper and lower
levels of the analyte (including these levels) thate been demonstrated to be

determined with precision, accuracy and linearging the method as written.
(d) Limit of Detection and limit of Quantitation:-

Limit of detection- The limit of detection is the parameter of limasts. It is
the lowest level of analyte that can be detectatinbt necessarily determined in a
guantitative fashion, using a specific method untle required experimental

conditions.

Limit of quantitation - Limit of quantitation is a parameter of quantiati
assays for low levels of compounds in sample nedrguch as impurities in bulk
drugs and degradation products in finished pharotads. The limit of
guantitation is the lowest concentration of analytea Sample that may be
determined with acceptable accuracy and precisioeanvthe required procedure is

applied.

(e) Selectivity and Specificity:The selectivity of an analytical method is its
ability to measure accurately and specifically éimalyte of interest in the presence
of components that may be expected to be presetiteinsample matrix. If an
analytical procedure is able to separate and resthlg various components of a
mixture and detect the analyte qualitatively thehuod is called selective. On the
other hand, if the method determines or measurastiatively the component of

interest in the sample matrix without separatiorg said to be specific

(HRuggedness: The ruggedness of an analytical method is the edegf

reproducibility of test results obtained by the lgsia of the same samples under a
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variety of normal test conditions such as différkatoratories, different analysts,
using operational and environmental conditions thay differ but are still within

the specified parameters of the assay

(g) Robustness¥he robustness of an analytical method is a measuits
capacity to remain unaffected by small but delitesxariation in method parameters
and provides an indication of its reliability dugimormal usage. The determination
of robustness requires that methods characteasticassessed when one or more

operating parameter varied.

(h) System suitability tests:Stability of the sample, standard and reagents is
required for a reasonable time to generate repiblduand reliable results. System
suitability test provide the added assurance tha epecific occasion the method is
giving, accurate and precise results. System gliiyabest are run every time a

method is used either before or during analysis.

The ICH documents give guidance on the necessityr fo

revalidation in the Following circumstances
* Changes in the synthesis of the drug substances.
* Changes in the composition of the drug product, and

* Changes in the analytical procedures

Dept. of Pharmaceutical Analysis 36 JKK Nattraja College of Pharmacy



Drug Profile

DRUG PROFILE OF LUMEFANTRINE

Name of Drug : Lumefantrine

[15, 16]

Affected organisms caused by plasmodium falcipar

Chemical Structure:

Figure: 12. Shows structure of Lumefantrine

Brand names
Company Name
Category:
Molecular formula
Molecular weight

IUPAC Name

Physical properties
Ph:

Pka value

Protein binding

Half life

marketed by Falcidoc

Dwarkesh pharmaceuticals pvt.ltd
Anti malarial

C3oH32CIsNO

528.94

2-Dibutylamino-1-[2, 7-dichloro-%4-
chlorobenzylidene)-9H-fluoren-4-ygthanol
Yellow crystalline powder

7.5

9.78

99.7% bound

4.5days
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Drug Profile

Solubility: practically soluble in water, free soluble in dthgetate, soluble

in Dichloromethane, slightly soluble in ethanol.

Mechanism action of drug:Involves an interaction with ferrous ions, in the
acidic parasite food vacuole, which results in gemeration of cytotoxic radical
species. Mechanism of action of peroxide anti nikinvolves interaction of the
peroxide-containing drug with heme, a hemoglobigrddation byproduct, derived
from proteolysis of hemoglobin. This interaction lielieved to result in the

formation of a range of potentially toxic oxygerdazarbon-centered radicals.
Dosage Forms and strength: 120 mg

Adult dose 4 tablets as single initial dose followed by 4 &blafter 8 hours
and then 4 tablets twice a day (morning& evenirg)the following 2 days total

course 24 tablets.

Pediatric dosel tablet as single initial dose followed 1 taldéter 8 hours
and then 1 tablet twice a day (morning&evening) tioe following 2 days total

course 6 tablets.

Storage: Lumefantrine stored in well closed container atmmo@mperature

away from heat moisture.

FDA Approval of drug: The Food and Drug Administration approved

Lumefantrine in December 3, 2009 for the treatnuémbalaria.

Uses Lumefantrine is an anti malarial drug, usedreatment of malaria. It

also acts by killing the parasites.
Side effects: In adults:headache, vomiting, anorexia

Children: cough, vomiting
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LITERATURE REVIEW

1. Rajasekarann et al, (201#8ported method development and validation for the

determination Lumefantrine in sold dosage form fpyHplc.*”

The mobile phase consisting of acetonitrile andhamgol in ratio the of
(50:50 % v/v) was delivered at the flow rate of &i@Bmin and diode array detection
was carried out at 235 nm. C18 reverse-phase col@dd X 4.6mml.D, particle
size fJum). The method was linear over the concentratiogeaf 50 — 15@g/ml for
LumefantrineThe analytical recovery obtained was78% the method was

validated for precision, accuracy, linearity andustness.

2. Foram D. Naik et al, (2014) reported Developmentl &falidation of UV
Spectrophotometric Methods for Simultaneous Estonatof Artemether and

Lumefantrine in Synthetic Mixture and Tablet Doségen. ¥

Simultaneous Equation method, Absorption correatn@thod and first order
derivative Spectrophotometric methods were develoged validated. Artemether
linearity over the range of 340g/mL Lumefantrine showed linearity over the range
of 18-30ug/ml with r2 greater than 0.9985.The wavelengthtedether 254nm,
254 nm and 236 nm and for Lumefantrine were 236 388,nm and 220.55 nm for
The percentage recoveries of Artemether and Lunrafienfor all three methods
were found to be in the range of 98.28-101.71%&h@3102.00% Validation of the
proposed methods was carried out for its accuramcigion, linearity and

robustness.
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3. Mannur Vinodh et al, (2013) reported analytical noet development and
validation for simultaneous estimation of artemettwed Lumefantrine in pure and

pharmaceutical dosage form using Rp-hplc metHdd.

BDS Hypersil C18 (150 x 4.6 mm i.d. |@n particle size) column, with
mobile phase comprising of 0.01M tetra butyl ammanihydrogen sulphate and
acetonitrile in the ratio of 20: 80 (v/v) The flaate was 1.0ml/min and the detection
was carried out using UV-visible detector at 222 lomit of detection (LOD) and
limit of quantification (LOQ) The retention time weefound to be 4.19 and 5.22 min
for AT and LU Correlation coefficient (r2) of 0.998®r both over concentration
range of 3.2-1929/ml and 16-9ag/ml for AT and LU The percentage recovery for
AT and LU were ranged between 99.18-100.19 andé990®.07 The LOD for AT
and LU were found to be 0.201 and 2 8gml and the LOQ were 0.609 and 9.086
ug/ml respectively. Method was found to be reprodigciwith relative standard
deviation (RSD) for intra and inter day precisi@sd than 2%. The method was

validated for precision, accuracy, linearity andustness

4. Gupta n.k. et al, (2013) reported simultaneousmedion of artemether and
Lumefantrine by Rp-hplc method development in plareutical tablet dosage

form. 2%

Hypersil BDS C18, 250 x 4.6 mm, jo particle size with mobile phase
consisting of buffer and acetonitrile in the ratib50:50v/v, orthophosphoric acid
used as buffer (pH 3.0 + 0.6), at a flow rate &f rhl/min and eluents monitored at
215nm.. The retention times of artemether and Lamtehe were 2.464 and 6.236
min, respectively. The calibration curves of pea#iaaversus concentration, which

was linear from 4-24g/ml for artemether and 24-14d/ml for Lumefantrine, had
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regression coefficient (r2) greater than 0.999Tle¢hwd was validated for precision,

accuracy, linearity and robustness.

5. Naveen S Kotur et al, (2012) reported Analytical tivbel Development and
Validation for Estimation of Lumefantrine in Pharceatical Dosage Forms by

HPLC.P!

Waters Symmetry C18 (250 X 4.5 mm) analytical catuwith maintained
the column oven temperature 35 °C and isocraticgpomede. The mobile phase
compressing of water, acetonitrile and glacial iacatid in the ratio of 48: 52: 1,
v/viwith delivered the flow rate of 1.2mL /min attie detected the Lumefantrine at
276 nm from PDA detector. The retention time of laiamtrine was 4.65 minutes.
The method is linear from §@mL-1 to10QugmL-1 and linear correlation coefficient
(R2) was more than 0.9990. The accuracy of the odetty recovery was found
between99.44 and 100.14 % Mean inter and intradesaya relative standard
deviation (RSD) were less than 1.0%The proposethodgbrovided an accurate and

precise analysis of Lumefantrine in its Pharmacaltiosage form

6. T.M. Kalyankar et al, (2011) reported reversed-phlguid chromatographic
method for simultaneous determination of artemetilaed Lumefantrine in
pharmaceutical preparati§? Hypersil ODS C18 (250mm~4.6mm5particle
Size) analytical column, a mobile phase of methad@5 % trifluroacetic acid with
triethylamine buffer pH 2.8 adjusted with Orthopposc acid in ratio (80:20 v/v)
flow rate of 1.5 ml/min and PDA detector wavelengtl210 nm The retention times
for Artemether and Lumefantrine are 6.15 min and31tin, respectively The
linearity range for Artemether and Lumefantrine aP®-120 & 120-720

ug/mirespectively. The Percentage recovery for Adidrar and Lumefantrine are
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ranged between 99.50-101.16 and99.78-101.21. Thelatomn coefficients of
Artemether and Lumefantrine are 0.999, and 0.999Tkéhod was validated for

precision, accuracy, linearity and robustness

7. J.sunil et al, (2010) reported Hplc method develepmand validation for
simultaneous estimation of Artemether an Lumefagtin pharmaceutical dosage

forms!?!

C18, 250 x 4.6 mm, i.d,;Bn particle size in isocratic mode, with mobile
phase compressing of buffer and acetonitrile inréti® of 40:60 (v/v), pH 3 + 0.5.
The flow rate was 1.5 ml/min and the detection wagied out by UV detector
duali.e, 210 and 303 nm. The retention times we&88/ and 7.218 mins for
Artemether and Lumefantrine The percentage recoway found to be 98.87 and
99.78 % for Artemether and Lumefantrine the methas validated for precision,

accuracy, linearity and robustness.

8. B. Sridhar et al, (2010) reported a validated rexghase hplc method for the
simultaneous estimation of artemether and Lumafantn pharmaceutical dosage

forms.l?4

C18, 250 x 4.6 mm, i.d, Bn the mobile phase consisted of Acetonitrile:
buffer (0.1% v/v ortho phosphoric acid, PH — 3}he ratio of 60:40 v/ flow rate of
1.5 ml / min and wavelength of detection at 303 nfhe retention times of
Artemether and Lumefantrine were 13.888 min an@7 12ain the proposed method
can be used for determination of these drugs inbooed dosage forms and the

method was validated for precision, accuracy, lihgand robustness.
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OBJECTIVE AND PLAN OF WORK

Aim of the study:

* To develop analytical method for Lumefantrine by RPIPLC and to validate

the developed method as per ICH & USFDA guidelines.
Objective of the work:

v' Analytical methods are required to characterizegdaubstances and drug

products composition during all phases of pharmigcalevelopment.

v In view of the need for a suitable method for meatanalysis of Lumefantrine
Bulk Drug, attempts are being made to develop smpftecise and accurate

analytical methods for estimation of Lumefantringgharmaceutical Bulk Drug.
PLAN OF WORK

To obtain thorough knowledge in practical HPLC noettdevelopment. A
step-by-step procedure of method development tointg@emented and initial
chromatographic conditions for assay of Lumefamtimto be established. For the

initial chromatographic conditions and trails thethods to be optimized.

Plan of work was designed into following section,

* Name of category of drug

» Selection of specific category of drug

e Study about drug profile
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* Review of literature

» Selection of analytical method

* Solubility study of the drug

» Selection of wavelength

* Method development
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METERIALS AND METHODS

5.1. Chemicals and reagents

Table: 3. Shows chemicals used for experimental wor

CHEMICAL/SOLVENT GRADE MANUFACTURER
Lumefantrine Hetero Pharma
Methanol HPLC grade FINER chemical LTD
Acetonitrile HPLC grade Rankem chemicals
Purified water HPLC grade Rankem chemicals

5.2. Instruments

Table: 4. Shows instruments used for experimental erk

S. No. Instrument Make& model

1 HPLC Analytical technologies

2 uv Elico SL-196

3 Detector UV detector, Analytical
technologies

4 Software Analchrome, Clarity

5 Column Hypersil ODS C18, (150 *4.6
mm , SU

6 Analytical balance | Digital Analytical balance

Shimadzu
7 Sonicator Analytical technologies
8 Filter Nylon 0.45 pm
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EXPERIMENTAL WORK

6.1. Determination of absorption maxima by UV/Vis $ectrophotometry

Accurately weigh 100 mg of drug in to 100 ml voluneflask. To this add
90 ml and 10 ml of diluents (acetonitrile 90: 10thamol) and sonicate it and further
make up the volume with diluent. From this take [Lamd make up to 10ml. The

solutions were scanned in the range of 200-400micm cell against blank.

Figure: 13. Shows UV spectrum of Lumefantrine

6.2. Method development
Method optimization

Preparation of mobile phase:Accurately measured 90 ml of Acetonitrile
and10 ml of methanol (90:10) HPLC grade were degh®&s an ultrasonic water
bath for 10 minutes and then filtered through OpdSylon filter under vacuum

filtration.
Diluent: Mobile phase is used as diluents

Standard preparation: Accurately weigh 50 mg of Lumefantrine and
transfer in to 50ml volumetric flask. Add about 10Qwh solvent mixture sonicate to

dissolve. Cool the solution to room temperature dihate to volume with solvent
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mixture. Transfer 1ml of above solution in to a 1&@lumetric flask and make up

the volume with diluent.

Optimized chromatographic conditions

Column Hypersil ODS C18 (150x4.6mm, 5 y)
Flow rate - 1. 6ml/min

Wavelength 235nm

Column temperature - 350c

Injection volume 10 pl

Run time -5 min

Percentage Assay

Inject 1QuL of the standard, sample into the chromatograglgtem and

measure the area of Lumefantrine peaks and cadctiet %Assay by using the

formulae.
Assay % =
AT WS DT P Avg. Wt
-------------- X mmmmmmmmmX mmmmmmmmn X mmmmmmee X mmm e eeeeee= X100
AS DS WT 100 adel Claim
Where:

AT = average area counts of sample preparation.
AS = average area counts of standard preparation.
WS = Weight of working standard taken in mg.

P = Percentage purity of working standard

LC = Label claim of tablet mg/ml.
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6.3. Validation of developed RP-HPLC method

Validation: Establishing documentation evidence, which praovide high
degree of assurance that specific process, willsistently produce a product

meeting its predetermined specification and qualitgibutes.

The following parameters were considered for thaydital method validation of

Lumefantrine in bulk Dosage form.
(1) Accuracy

(2) Precision

(3) Linearity

(4) Robustness.

(5) Ruggedness

(6) Limit of detection.

(7) Limit of quantification.

1) Accuracy: For accuracy determination, three different conegions
were prepared separately i.e. 50%, 100% and 150% tHe analyte and

chromatograms are recorded for the same.

Preparation of 50% solution: About 25mg of Lumefantrine was weighed
and transferred to 50ml volumetric flask. Add 50mhimobile phase, Sonicate for
10min & filter through 0.45u nylon filter & make up the mark with same solvent.

Further 3ml of above solution was diluted to 10nthvthe diluents to get 50%.
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Preparation of 100% solution: About 50mg of Lumefantrine was weighed
and transferred to 50ml volumetric flask. Add 50mhimobile phase, Sonicate for
10min & filter through 0.45u nylon filter & make up the mark with same solvent.

Further 3ml of above solution was diluted to 10nthvihe diluents to get 100%.

Preparation of 150% solution: About 75mg of Lumefantrine was weighed
and transferred to 50ml volumetric flask. Add 50mhimobile phase, Sonicate for
10min & filter through 0.45u nylon filter & make up the mark with same solvent.

Further 3ml of above solution was diluted to 10nthvihe diluents to get 150%.

Acceptance criteria: The method is considered accurate if the average

recovery is not less than 98% and not more thafal02

2) Precision:Accurately weigh and transfer 50 mg of Lumefantrivarking
standard into a 50 ml clean dry volumetric flaskl dduents and sonicate to dissolve
it completely and make volume up to the mark wiik $ame solvent. Further pipette
3 ml of the above stock solution into a 10ml volameeflask and dilute up to the

mark with diluent.

Then the standard solution was injected forisme$ and measured the area for
all six injections in HPLC. The %RSD for the ardaia replicate injections was found

to be within the specified limits.
Acceptance criteria: RSD of six replicate injections should be NMT 2%.

3) Linearity and range: Appropriate aliquot of standard Lumefantrine stock
solution was taken in 50ml volumetric flask andutest solution was diluted up to
the mark with diuent to obtain final concentratioh Lumefantrine. This solution

was injected into chromatographic system. The chtograms were obtained and
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peak area was determined for each concentratioinugf solution. Calibration curve
was constructed by plotting peak area against egptoncentrations. The slope,

intercept and correlation coefficienf)(were also determined.

Linearity of the analytical method for assay byestjng the linearity
solutions prepared in the range of 100ug to 50@mijutgst concentration, into the
chromatograph, covering minimum 5 different concatians. Draw a plot between
the concentration vs peak response of ArtemethepoR the slope, intercept and

regression coefficient from the plot.
Standard Preparation:

Accurately weigh 50 mg of Lumefantrine and transfieto 50ml volumetric
flask. Add about 10 ml of solvent mixture sonictdedissolve. Cool the solution to

room temperature and dilute to volume with solvantture (Stock solution).

100 pgLinearity standard solution Preparation: Transfer 1ml of Linearity
standard stock solution in to 10ml volumetric flasid make up to the volume with

diluent and inject into the HPLC.

200ugLinearity standard solution Preparation: Transfer 2ml of Linearity
standard stock solution in to 10ml volumetric flasid make up to the volume with

diluent and inject into the HPLC.

300ug Linearity standard solution Preparation: Transfer 3ml of Linearity
standard stock solution in to 10ml volumetric flasid make up to the volume with

diluent and inject into the HPLC.
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400ug Linearity standard solution Preparation: Transfer 4ml of Linearity
standard stock solution in to 10ml volumetric flasid make up to the volume with

diluent and inject into the HPLC.

500ug Linearity standard solution Preparation: : Transfer 5ml of
Linearity standard stock solution in to 10ml voluneflask and make up to the

volume with diluent and inject into the HPLC.

Acceptance criteria: The relationship between the concentration and
response of Lumefantrine should be linear in thecdigd range and Regression

Coefficient should not be less than 0.999.

4) Robustness: As part of the Robustness, deliberate change & th

temperature Variation was made to evaluate thectmrathe method.

Robustness of assay method is demonstrated by icgatige flow rate for
1.4 ml / min and 1.8 ml / min instead of 1.6 ml ihnby injecting the 6 replicate
injections of standard in 1.4 ml / min and 1.8 mhih flow rate and found that

system suitability parameters are passed.

By changing the column temperature for 30 [Ic and 40 [Ic instead of 35 [c
by injecting the 6 replicate injections of standard in 30 [lc and 40 [c temperature

and found that system suitability parameters assgxh

Solution stability: standard solution should be tested over 24-48hnege
under normal laboratory and potency of solution usthobe determined by

comparison to freshly prepared standards.

Acceptance criteria: The solutions are considered stable if the diffeeeim

%RSD results from initial to 24hrs and 48 hrs is NERPo.
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Selectivity:

Blank preparation: Dilute 5 ml of diluents in to 50 ml volumetric e and

dilute to volume with mobile phase.

Placebo Preparation:Weigh accurately about 50 mg of placebo powder in
50ml volumetric flask add 50ml diluent and sonicfmle20 minutes and cool, after
cooling make up to the volume. Further dilute 0.J50Mmthis solution to 10ml with

diluent and inject into the chromatogram.

Standard Preparation: Accurately weigh 25 mg of Artemether and transfer
in to 25 ml volumetric flask. Add about 10 ml ofhgent mixture sonicate to
dissolve. Cool the solution to room temperature dihate to volume with solvent
mixture. Transfer 1ml of above solution in to arDvolumetric flask and dilute to

volume with diluent.

Acceptance Criteria: No peak should be observed due to blank and placebo

at retention time of Lumefantrine peak.

5) Ruggedness (Intermediate Precision)ntermediate Precision expresses
with in laboratory variation as on different days with different analysts or
equipment with in the same laboratory. Establish riiggedness of the analytical
method by using the assay of 6 different sampl@arations of same batch by a
different analyst using a different HPLC SystemlcGlate assay for all 6 sample

preparations and report the %RSD for the same.

Acceptance criteria: The RSD for the assay values of 6 sample prepasatio

of same batch should not be more than2.0%.
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6) Limit of Detection (LOD) The detection limit is determined by the analysis
of samples with known concentration of analyte agcestablishing that minimum

level at which the analyte can reliably detected.
The LOD are calculated from the calibration cuoyeusing the formulas
LOD =3.3xSD/ b

Where, SD- the estimate is the standard deviatidheopeak area of the drugs. b

-is slope of the corresponding calibration curve.

7) Limit of Quantification: The quantification limit is generally determined by
the analysis of sample with known concentrationaradlyte and by establishing the
minimum level at which the analyte can be quardifieth acceptable accuracy and

precision.
The LOQ are calculated from the calibration curyaibing the formulas
LOQ =10xSD/b

Where, SD- the estimate is the standard deviatidheopeak area of the drugs. b

-is slope of the corresponding calibration curve.
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RESULTS AND DISCUSSION

7.1. Method development and optimization of chromatgraphic parameters:

Selection of mobile phase

Mobile phase

Flow rate

Column

Detector wavelength

Injection volume

0.008
0.006
0.004
0.002

0.000

0

TRIAL 1
Methanol
Iml/min
Hypersil ODSsCL50x4.6mm, 511)
266nm

10ul

270 1

1 2 3 4 5 6
[min.]

Time

Figure: 14. Shows trail-1 chmatogram of Lumefantrine
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TRIAL 2
Mobile phase . Acetonitrile
Flow rate : 1ml/min
Column . Hypersil ODS4{150%x4.6mm, 5u)
Detector wavelength : 250nm
Injection volume :10ul
0.0000 e

Time

Figure: 15. Shows trail-2 chromatogram of Lumefantine

TRIAL 3
Mobile phase . Acetonitrile
Flow rate : 1. 2ml/min
Column . Hypersil ODQg(150%4.6mm,5p)
Detector wavelength : 250nm
Injection volume :10ul

Time

Figure: 16. Shows trail-3 chrontagram of Lumefantrine
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TRIAL 4
Mobile phase . Acetonitrile
Flow rate : 1. 4ml/min
Column . Hypersil ODS ¢ (150%4.6mm,5u)
Detector wavelength . 250nm

Injection volume :10ul

0.015

094 1

228 2

0.010
0.005

0.000 | o] e eeeeeeeeeaeemsnmee e e e S ITTTEEE——

Figure: 17. Shows trail-4 chrontagram of Lumefantrine

TRIAL 5
Mobile phase . Acetonitrile
Flow rate : 1. 6ml/min
Column . Hypersil ODSsCL50%4.6mm,5u)
Detector wavelength : 250nm
Injection volume :10ul

[min.]

Figure: 18. Shows trail-5 chromatogram of Lumefantine
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TRIAL 6
Mobile phase . Acetonitrile, Water
Flow rate : 1. 6ml/min
Column . Hypersil ODSsCL50%x4.6mm,5u)
Detector wavelength . 276nm
Injection volume :10ul
-1 w.»

[min.]

Time

Figure: 19. Shows trail-6 chromatogram of Lumefantine

TRIAL 7
Mobile phase . Acetonitrile, Water
Flow rate : 1. 8ml/min
Column : Hypersil ODSsCL50x4.6mm,5)
Detector wavelength . 276nm
Injection volume : 10l
SR

[min.]
Time

Figure: 20. Shows trail-7 chromatogram of Lumefantine
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TRIAL 8
Mobile phase . Acetonitrile, methanol, Triethylamine
Flow rate > 1.6ml/min
Column . Hypersil ODSsCL50x4.6mm, 5u)
Detector wavelength : 235nm
Injection volume . 10ul
|
000 — el :
0.03 ‘\
T

[min.]

Time

Figure: 21. Shows trail-8 chromatogram of Lumefantine

TRIAL 9
Mobile phase . Acetonitrile, methanol (60:40)
Flow rate : 1.2ml/min
Column . Hypersil OD$(150x4.6mm, 5u)
Detector wavelength : 235nm
Injection volume :10ul
______________________________________________ |

Time

Figure: 22. Shows trail-9 chromatogram of Lumefantine
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TRIAL 10
Mobile phase . Acetonitrile, methanol (60:40)
Flow rate : 1.4ml/min
Column . Hypersil OD%sC150%4.6mm,5u)
Detector wavelength :235nm
Injection volume . 10ul
I ——

Figure: 23. Shows trail-10 chromatogram of Lumefantine

TRIAL 11
Mobile phase . Acetonitrile, methanol (60:40)
Flow rate : 1.6ml/min
Column . Hypersil OD%sCL50%4.6mm,51)
Detector wavelength : 235nm
Injection volume :10pul

0.004

0.003

1833 2

0.002

0.001

0400 1

0.000 N AR e e LR LR EE LR EERLRLRRERERRE
o

0.0 05 1.0 1.5 2.0 2.5 3.0
[min.]

Time

Figure: 24. Shows trail-12 chromatogram of Lumefantine
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TRIAL 12
Mobile phase . Acetonitrile, methanol (70:30)
Flow rate : 1.2ml/min
Column . Hypersil OD$gC150x4.6mm,51)
Detector wavelength :235nm
Injection volume :10ul
0.000 —

Time

Figure: 25. Shows trail-12 chromatogram of Lumefantine

TRIAL 13
Mobile phase . Acetonitrile, methanol (70:30)
Flow rate > 1.4ml/min
Column . Hypersil ODSsCL50%x4.6mm,5u)
Detector wavelength : 235nm
Injection volume :10ul
I —— i

[min.]

Time

Figure: 26. Shows trail-13 chromatogram of Lumefantine
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TRIAL 14
Mobile phase . Acetonitrile, methanol (70:30)
Flow rate :1.6ml/min
Column . Hypersil OD$sCL50%4.6mm,5)
Detector wavelength : 235nm
Injection volume :10ul
.000 e e

[min.]

Time

Observation: peak is eluted at 1.840 and sharp peak was net\dxs

Figure: 27. Shows trail-14 chromatogram of Lumefantine

TRIAL 15
Mobile phase . Acetonitrile, methanol (80:20)
Flow rate : 1.4ml/min
Column . Hypersil OD$@50x4.6mm,5)
Detector wavelength : 235nm
Injection volume :10ul
O pp— see—l| ik .

[min.]

Observation: peak is eluted at 2.700 and Broad peak wasls#rged.

Figure: 28. Shows trail-15 chromatogram of Lumefantine
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TRIAL 16
Mobile phase . Acetonitrile, methanol (80:20)
Flow rate :1.6ml/min
Column . Hypersil ODSgC150%4.6mm,5u)
Detector wavelength : 235nm

Injection volume . 10ul

0.01

0.00

397 2

-0.01

-0.02

D188 1

Observation: peak is eluted at 3.97 and Broad peak was norwixde

Figure: 29. Shows trail-16 chromatogram of Lumefantine

TRIAL 17
Mobile phase . Acetonitrile, methanol (90:10)
Flow rate > 0.8ml/min
Column . Hypersil OD$gC150x4.6mm,51)
Detector wavelength : 235nm

Injection volume © o 10p

0.008

403 1

0.006
0.004
0.002

0.000 [

0 1 2 3 4 5 6
[min.]

Time

Observation: peak is eluted at 4.03 and Broad peak was notodxse
Figure: 30. Shows trail-17 chromatogram of Lumefantine
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TRIAL18
Mobile phase . Acetonitrile, methanol (90:10)
Flow rate : 1Iml/min
Column . Hypersil ODSgCL50%4.6mm,5u)
Detector wavelength :235nm

Injection volume :10u

0.006

313 1

0.001

0.002

Time

Observation: peak was eluted at 3.13 and sharp peak was taiheb.

Figure: 31. Shows trail-18 chromatogram of Lumefantine

TRIAL 19
Mobile phase . Acetonitrile, methanol (90:10)
Flow rate : 1.2ml/min
Column . Hypersil OD%sCL50%4.6mm,51)
Detector wavelength : 235nm

Injection volume :10u

0.004

0.003

257 2

0.002

0.001

o 1 2 3 4 5
[min.]

Time

Observation: peak is eluted at 2.57 and sharp peak was notvause

Figure: 32. Shows trail-19 chromatogram of Lumefantine
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TRIAL 20
Mobile phase . Acetonitrile, methanol (90:10)
Flow rate : 1.4ml/min
Column . Hypersil ODSgCL50%4.6mm,5u)
Detector wavelength : 235nm

Injection volume :10u

0.004

0.003

2227 2

0.002

0.001

Time

Observation : From the above peak it was observed that the @atgipak has Fronting

Figure: 33. Shows trail-20 chromatogram of Lumefantine

TRIAL 21
Mobile phase . Acetonitrile, methanol (90:10)
Flow rate > 1.6ml/min
Column . Hypersil OD$sC150x4.6mm, 5u)
Detector wavelength : 235nm

Injection volume © o 10p

0.015

1770 2

0.010

0.005

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Observation: peak was eluted at 1.770 and sharp peak wasebtand no tailing was

Observe

Figure: 33. Shows trail-20 chromatogram of Lumefantine
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7.2. Validation results

1) Accuracy
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Figure: 34. Shows Chromatogram for Accuracy at 50%evel
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Figure: 35. Shows Chromatogram for Accuracy at 100%evel
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Figure: 36.Shows Chromatogram for Accuracy at 150%evel
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Table: 5 .Shows Accuracy results of Lumefantrine

Concentration | Amount added| Amount %recovery | Average %
level (mg) found(mg) recovery
25 mg 25.5 mg 102%

50% 25 mg 25.4 mg 101.6% 100.2%
25 mg 24.3 mg 97.2%
50 mg 50.5 mg 101%

100% 50 mg 50.45 mg 100.9% 100.9%
50 mg 50.40 mg 100.8%
75 mg 75.5 mg 100.6%

150% 75 mg 75.40 mg 100.5% 100.2%
75 mg 74.65 mg 99.53%

Result: The accuracy for the average of triplicate in eamicentration samples are

within the limit

Table: 6. Shows % Recovery of Lumefantrine

Amount added (mg) | Amount found(mg) | Average % recovery

50 mg 50.2 mg 100.4%

3) Precision

Intraday precision

0.010

1867 1

0.005

Figure: 37. Shows Chromatogram for Intraday precisbn (1% injection)
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Figure: 38. Shows Chromatogram for Intraday precison (2“d injection)
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Figure: 39.Shows Chromatogram for Intraday precisiam (3rd injection)
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Figure: 40. Shows Chromatogram for Intraday precison (4th injection)

Dept. of Pharmaceutical Analysis 67 JKK Nattraja College of Pharmacy



Results and Discussion

0.01>

1770 2

0.010
0.005

0.000

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Time

Figure: 41. Shows Chromatogram for Intraday precison (Sh injection)
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Figure: 42.Shows Chromatogram for Intraday precisim (6™ injection)

Table: 7 Shows precision results of Lumefantrine

Sample. No Peak area of Lumefantrine
Injection 1 284.421

Injection 2 287.884

Injection 3 291.462

Injection 4 291.462

Injection 5 291.514

Injection 6 291.514

Mean 289.7095

Standard deviation | 2.964983491

%RSD 1.02

Result: The precision values are found within the limits.
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4) Specificity
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Figure: 43. Shows Chromatogram of blank
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Figure: 44. ShowsChromatogram of standard

Result: There is no interference between the blankstandard, so th

results were met with the acceptance crit

6) Linearity and range

600 LINEARITY OF LUPMMEEFAMTRIME
500 y=97.17x - 3.660
/ R? = 0.999
400 slope=0.97
peak —0—0
ated
——Linear (0)
200 ——Linear (0)
100
O T T T T 1
100 200 300 400 500
concentration

Figure: 45. Show<Calibration graph of Lumefantrine
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Figure: 46.Shows Chromatogram for Linearity at 100ug/ml
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Figure: 47. Shows Chromatogram for Linearity at 200ug/ml
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Figure: 48. Shows Chromatogram for Linearity at 300ug/mi
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Figure: 49. Shows Chromatogram for Linearity at 400ug/ml
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Figure: 50.Shows Chromatogram for Linearity at 5@ pg/ml

Table: 8. Shows linearity results of Lumefantrine

%level Concentration(ug/ml) | Peak area
33 100 93.48

66 200 186.96
100 300 291.514
133 400 389.15
166 500 478.28

Y Intercept 96.18
Correlation co-efficient (r?) 0.999
Slope 0.97
Linearity range 100-500
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Result: From the above graph, it can be concluded that,rétegionship
between the concentration and peak response of famtn@e peak is linear in the
range examined as all the points lie in a straliglet with the regression coefficient
of 0.999 for Lumefantrine which is within the limitHence the developed method is

linear in the specified range for estimation of lefamtrine
5) Robustness

i) Change in flowrate
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Figure: 51. Shows Chromatogram for flow rate at 1.ml/min
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Figure: 52. Shows Chromatogram for flow rate at 1.61/min
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1743 2

0.010

Figure: 53.Shows Chromatogram for flow rate at 1.8rimin

Table: 9. Shows robustness results of Lumefantrine

S.NO | flow rate Peak area of Average SD %RSD
Lumefantrine

1 1,4ml/min | 79.921 78.910 79.4155 0.7 0.88

2 1.6ml/min| 291.514 289.512 290.513 1.41 0.48

3 1.8ml/min| 389.150 387.45 388.3 1.20 0.30

Result: From the above values it was found that %RSD vauoesvithin the limit A;

i) Change in Column temperature
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0.005

[min.]

Figure: 54.Shows Chromatogram for temperature at 30/c
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Figure: 55. Shows Chromatogram for temperature at 3 (ic
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Figure: 56. Shows Chromatogram for temperature at @ [ic

Table: 10. Shows robustness results of Lumefantrine

S.NO| Temperature Peak area of Average | SD | %RSD
Lumefantrine

1 30([c 291.462| 285.452. 288.457 141 0.48
2 350Ic 287.884| 285.882 286.883 1.415 0.49
3 400c 284.421| 282.420 283.420 1.414 0.498

Result: From the above values it was found that %RSD vawesvithin the limits

Dept. of Pharmaceutical Analysis 74 JKK Nattraja College of Pharmacy



Results and Discussion

7) Ruggedness (Intermediate precision)
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Figure: 57. Shows Chromatogram for Interday precisbn (1* injection
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Figure: 58.Shows Chromatogram for Interday precisio (2”d injection)
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Figure: 59. Shows Chromatogram for Interday precison (gd injection)
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Figure: 60. Shows Chromatogram for Interday precison (4th injection)
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Figure: 61. Shows Chromatogram for Interday precison (5" injection)

0.012

0.010

1790 1

0.008
0.006

0.004

3.5
[min.]
Time

Figure: 62. Shows Chromatogram for Interday precison (6‘h injection)
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Table: 11. Shows Ruggedness results of Lumefanten

Name Peak area of Lumefantrine
Ruggedness-(Day-1)-1 295.230
Ruggedness-(Day-1)-2 297.238
Ruggedness-(Day-1)-3 297.238
Ruggedness-(Day-1)-4 305.319
Ruggedness-(Day-1)-5 305.319
Ruggedness-(Day-1)-6 308.437

Average 301.4635
SD 5.530383088
% RSD 1.83

Result: The % RSD values were within 2 and the method wasd to be precise
8) LOD&LOQ

Table: 12. Shows LOD & LOQ results of Lumefantrine

Parameters Lumefantrine
LOD 10.0pg/ml
LOQ 30.5ug/ ml
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Table: 13. Shows summary of validation parameter Bsults

S.NO Parameter Acceptance criteria HPLC
1 %recovery 98-102% 100.4
2 Linearity range((ng/ml) - 100-500(png/mi)
3 Correlation coefficient NLT 0.999 0.999
4 No .of Theoretical plates NLT 2500 10877
5 Method precision %RSD (NMT 2%) 1.02
6 System precision %RSD (NMT 2%) 0.48
7 Intermediate precision %RSD (NMT 2%) 1.83
8 LOD - 10.0 (ug/ml)
9 LOQ - 30.5 (pg/ml)
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CONCLUSION

Method development & validation of Lumefantrine wamne by RP-HPLC
method. The estimation was done by using Hypersi(€£6 x 150mm, gm, Make:
Analytical technologies) mobile phase as Acetdeitrmethanol (90:10) at a flow

rate 1.6ml/min.

Accuracy parameter is considered accurate if vieeage recovery is not less
than 98% and not more than 102%. Precision parani®&D of six replicate

injections should be NMT 2%.

The linearity range of Lumefantrine was found t® 100-500 pg/ml in

HPLC. Linear regression was not more than 0.99%#hees of %RSD was <2

Robustness of assay method is demonstrated by idgatige flow rate for
1.4ml/min and 1.8ml/min instead of 1.6ml/min byaaiing the 6 replicate injections
of standard in 1.4ml/min and 1.8ml/min flow rateddiound that system suitability

parameters are passed.

By changing the column temperature for 30 [Ic and 40 [Ic instead of 35 [Ic
by injecting the 6 replicate injections of standard in 30 [Ic and 40 [Ic temperature

and found that system suitability parameters assq¢xh

Ruggedness parameter RSD for the assay valuesarhfle preparations of

same batch should not be more than2.0%.

The LOD are calculated from the calibration cubyeusing the formulas
LOD = 3 x SD/ bWhere, SD- the estimate is the stathdleviation of the peak area
of the drugs. b -is slope of the correspondingbcation curvepassed.The LOQ are

calculated from the calibration curve by using thienulas LOQ = 10 x SD/ where,
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SD- the estimate is the standard deviation of #rak@area of the drugs. b -is slope of
the corresponding calibration curve the %recoveayieg in the range of 97-

102%.LOD & LOQ values are found within the limits.

These results shows the method is accurate, presgssitive, economic &
rugged. The HPLC method is more rapid. The propasethod is successfully
applied to the bulk dosage formihe method was found to be having suitable

application in routine laboratory analysis with inidegree of accuracy and precision.
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