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Introduction

INTRODUCTION

PHARMACEUTICAL ANALYSIS

Pharmaceutical analysis' plays a vital role in giarmaceutical product
development. Pharmaceutical analysis is a speedlibranch of analytical
chemistry. Analytical chemistry involves separatindentifying, and determining

the relative amounts of components in a sampleixng8koog, 2004)

Pharmaceutical analysis derives its principles frearious branches of
sciences like physics, microbiology, nuclear sagrand electronics etc. Qualitative
analysis reveals the chemical identity of the sam@luantitative analysis establishes
the relative amount of one or more of these spemiemalytes in numerical terms.

Qualitative analysis is required before a quamigadnalysis can be undertaken.

A separation step is usually a necessary part ¢ lao qualitative and
guantitative analysis. The results of typical quative analysis can be computed
from two measurements. One is the mass or volunsamwiple to be analyzed and
second is the measurement of some quantity thatoigortional to the amount of

analyte in that sample and normally completes tadyais.

Instruments play a key role in the quantitative lgsia of pharmaceutical

chemistry.

INSTRUMENTAL METHODS OF ANALYSIS

Instrumental methods are exciting and fascinatiag pf chemical analysis
that interacts with all areas of chemistry and withny other areas of pure and

applied sciences. Analytical instrumentation plags important role in the
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Introduction

production and evaluation of new products and & glotection of consumers and

environment.

This instrumentation provides lower detection Igniequired to assure safe

foods, drugs, water and air. Instrumental methagsvadely used by Analytical

chemists to save time, to avoid chemical separatiod to obtain increased

accuracy. Most instrumental techniques fit into afethe four-principle areas

mentioned below.

a) Spectrophotometric techniques

>

>

UV and Visible Spectrophotometry

Fluorescence and Phosphorescence Spectrophotometry
Atomic Spectrophotometry (Emission &Absorption)
Infrared Spectrophotometry

Raman Spectrophotometry

X-Ray Spectrophotometry

Nuclear Magnetic Resonance Spectroscopy

Mass Spectroscopy

Electron spin Resonance Spectroscopy

b) Electrochemical Techniques

>

>

Potentiometry
Voltametry
Electrogravimetry
Conductometry

Amperometry
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¢) Chromatographic Techniques

» High Performance Liquid Chromatography

» Gas chromatography

» High Performance Thin Layer Chromatography

» Thin Layer Chromatography

» GC- MS (Gas chromatography - Mass Spectroscopy

» LC-MS (Liquid Chromatography - Mass Spectroscopy
d) Miscellaneous techniques

» Thermal analysis

> Kinetic techniques

Chromatograpllic techniques are predominantly usethe pharmaceutical

industry for a large variety of samples. HPLC iseoof the chromatographic
techniques is widely used for checking thepurityeiv drug candidates, monitoring
changes or scale ups of synthetic procedures, awadu formulations, and

scrutinizing quality control/assurance of final gnproducts.
1.1 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

High performance liquid chromatograghis basically a highly improved
form of column chromatography. Instead of a solNmihg allowed to drip through
a column under gravity, it is forced through undégh pressures of up to 400
atmospheres, that makes it much faster. It alsmwvallusing a very much smaller
particle size for the column packing material whgikies a much greater surface
area for interactions between the stationary phasgethe molecules flowing past it.

This allows a much better separation of the comptsnef the mixture. The other
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Introduction

major improvement over column chromatography camcehe detection methods

which can be used. These methods are highly auéahasid extremely sensitive.

HPLC employs a liquid mobile phase and a very findivided stationary
phase. In order to obtain satisfactory flow raigitl must be pressurized to a few
thousands of pounds per square inch. The rate stfildition of drugs between
stationary and mobile phase is controlled by diffnsprocess. If diffusion is
minimized, a faster and effective separation caadieeved. The technique of high
performance liquid chromatography is so called bsea of its improved
performance when compared to classical column catognaphy. Advances in
column technology, high-pressure pumping system semnsitive detectors have
transformed liquid column chromatography into hggeed, efficient, accurate and
highly resolved method of separation.The HPLC esrtiethod of choice in the field
of analytical chemistry, since this method is specrobust, linear, precise and
accurate and the limit of detection is low and @swfers the following advantages.

(Connors KA , 1994)

Speed (many analysis can be accomplished in 2@mnass)

Greater sensitivity (various detectors can be epguld

Improved resolution (wide variety of stationary pas)

Reusable columns (expensive columns but can befasethny analysis)
Ideal for the substances of low viscosity

Easy sample recovery, handling and maintenance.

YV VYV VvV V VYV VY V¥V

Instrumentation leads itself to automation and ¢tieation (less time and

less labor)

A\

Precise and reproducible

> Integrator itself does calculations.
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Introduction

SEPARATION PRINCIPLES OF HPLC

Adsorption chromatography employs high-surface a@dicles that adsorb
the solute molecules. Usually a polar solid sucla adica gel, alumina or porous
glass beads and a non-polar mobile phase suchptenke octane or chloroform are

used in adsorption chromatography.

In adsorption chromatography, adsorption process described by
competition model and solvent interaction modelmpetition model assumes that
entire surface of the stationary phase is coveyeahdibile phase molecules as result
of competition for adsorption site, In solvent naetion model the retention results
from the interaction of solute molecule with themsd layer of adsorbed mobile
phase molecules. The differences in affinity ofused for the surface of the

stationary phase account for the separation aathieve

In partition chromatography, the solid support mated with a liquid
stationary phase. The relative distribution of ssdubetween the two liquid phases
determines the separation. The stationary phaseitaer be polar or non polar. If
the stationary phase is polar and the mobile pisasen polar, it is called normal
phase partition chromatography. If the opposite ¢adds, it is called reverse-phase
partition chromatography. In normal phase mode, poé&r molecule partition
preferentially in to the stationary phase and awimed longer than non-polar
compounds. In reverse phase partition chromatograghte opposite behavior is

observed.
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TYPES OF HPLC TECHNIQUES

Based on modes of chromatographv:

» Normal phase chromatography

> Reverse phase chromatography

Based on principle of separation:

» Adsorption chromatography

» lon exchange chromatography

» Size exclusion chromatography

> Affinity chromalography

» Chiral phase chromatography

Based on elution technique:

» Isocratic separation

» Gradient separation

Based on the scale of operation:

» Analytical HPLC

» Preparative HPLC

REVERSED PHASE CHROMATOGRAPHY

In 1960s, chromatographers started modifying tHarpmature of the silanol
group by chemically reacting silicon with organitases. The object was to make

silica less polar or non-polar so that polar salsezan be used to separate water-
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soluble polar compounds. Since the ionic naturn@fchemically modified silica in
now reversed i.e., it is non-polar or the naturetledé phase is reverted, the
chromatographic separation carried out with sudibasis referred to as reverse-

phase chromatography.

Reverse phase liquid chromatography (RPLC) is daemnsd as the method of
choice for the analysis of pharmaceutical compodadseveral reasons, such as its
compatibility with aqueous and organic solutionsvadl as with different detection
systems and its high consistency and repeatabfignsitive and accurate RPLC
analysis, whether in the pharmaceutical or bioditalfield, necessitates the use of

stationary phases which give symmetrical and efficpeaks.

Therefore, manufacturers of stationary phases angintiously improving
and introducing new RPLC products, and the seleabiovarious types of reverse
phase stationary phases is high, The needs foristensy as well as the
globalization of the pharmaceutical companies meqtinat the methods will be
transferred from site to site, using either the esaoolumn brands or their
equivalents. Therefore, an extensive categorizabiogharacterization of the rich

selection of stationary phases has been done @mtrgears.

The stationary phase in the Reverse Phase chroraptog columns is a
hydrophobia support that is consisted mainly ofoper particles of silica gel in
various shapes (spherical or irregular) at varidasneters (1,8, 3, 5, 7,10 urn etc.)

at various pore sizes (such as 60, 100, 120, 300).

The surface of these particles is covered withoesrichemical entities, such

as various hydrocarbons (Cl, C6, C4, C8, CIS, étcjnost methods C18 columns
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are used currently to separate medicinal matemdigsh sometimes are called ODS

(octedecylsilane) or RP-18. A polar solvent is uggdnobile phase.

The parameters that govern the retention in ReddPbmse systems are the
following: A. The chemical nature of the stationgilyase surface. B. The type of
solvents that compose the mobile phase C. pHi@md strength of the mobile

phase (Denny R.C, Bassett J, 2003)

A. The chemical nature of the stationary phase

The chemical nature is determined by the size aedhcstry of hydrocarbon
bonded on the silica gel surface, its bonding degr(sinits of umole/rf), and the
purity and quality of the silica gel support. Asude, the more carbons in a bonded
hydrocarbon the more it retains organic soluteslgag as similar % coverage is
compared). The higher the bonding density the Ipbrthe organic solutes are
retained. A column is considered relatively hydmiplk if its bonding density

exceeds 3 umole/m

Very important modifiers of the stationary phaseidace are surface-active
substances used as mobile phase's additives, adimn-pair reagents. These are
substances such as tri-ethyl am ine or tetrabuigamor hexyl, heptyl,
octylsulfonate. They are distributed between théiteghase and the hydrophobic
surface and cover it with either positive (alkylaes) or negative (alkyl sulfonates)
charges. This change of the surface into chargethcgu affects the retention

significantly, especially on charged species ingample.
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B. Composition of the mobile phase

As a rule, the weakest solvent in Reverse Phaiteimost polar one, water.
The oiher polar organic solvents are considerexhgr solvents, where the order of
solvent strength follows moreor less their dieliecproperties, or polarity. The less
polar thesolvent added to the mobile phase the stronger it getsitesting the

retention times.

C. PH and ionic strength of the mobile phase

When the samples contain solutes of ionizable fanat groups, such as
amines, carboxyls, Phosphates, phosphonates,esuliatd sulfonates, it is possible
to control their ionization degree with the helpbaifffers in the mobile phase. As a
rule, the change of an ionizable molecule to anrnakes it more polar and less

available to the stationary phase.

NORMAL PHASE CHROMATOGRAPHY

In normal phase chromatography, the stationary eh&golar adsorbent.
The mobile phase is generally a mixture of non-agaesolvents. The silica
structure is saturated with silanol group at the én normal phase separations.
These OH groups are statistically distributed ower whole of the surface. The

silanol groups represent the active sites (vergmpah the stationary phase.

This forms a weak bond with many molecules in tioenity when any of the
following interactions are present. Dipole-induagidole, dipole-dipole, hydrogen
bonding, n-complex bonding. These situations anken the molecule has one or
several atoms with lone pair electrons or a dololed. The adsorption strengths

and hence 'K' value (elution series) increase m fillowing order. Saturated
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hydrocarbon < olefins < aromatwrganic<halogen compounds <sulphideghers

< esters < aldehydes and ketones < amines <sulph@mides < carboxylic acids.
The strength of interactions depends not only enftimctional groups in the sample
molecule but also on stearic factors, If a moleduds several functional groups,

then the most polar one determines the reactiopepties.

Chemically modified silica, such as aminopropylaegpropyl and diol
phases are the stationary phases alternative tca sgel in normal phase

chromatography.

The aminopropyl and cyanopropyl phases provide dppities for specific
interactions between the analyte and the statiophage and thus offer additional
options for the optimization of separations. Othdvantages of bonded phases lie in

the increased homogeneity of the stationary phasace.

Polar modifiers such as acetic acid or triethylaanfREA) are added to the
mobile phase, to deactivate the more polar adsorpsites on the surface of
stationary phase, which in turn will improve peakage as well as the

reproducibility of the retention times.

ADSORPTION CHROMATOGRAPHY

The stationary phase is an adsorbent (like silelaog any other silica based

packing) and the reparation is based on repeatsat@attbn-desorption steps.

ION EXCHANGE CHROMATOGRAPHY

Separation is based on the charge-bearing funttgroaps, anion exchange
for sample negative ion, or cation exchange - faim@le positive ion. Gradient

elution by pH is common.
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AFFINITY CHROMATOGRAPHY

Separation is based on a chemical interaction pédoi the target species.
The more popular reverse phase mode uses a buifeam added counter-ion of
opposite charge to the sample with separation baifigenced by pH, ionic
strength, temperature, concentration of and typergénic co-solvent(s). Affinity
chromatography, common for macromolecules, emplayfigand (biologically
active molecule bonded covalently to the solid matwhich interacts with its
homologous antigen (analyte) as a reversible compiat can be eluted by

changing buffer conditions.

CHIRAL CHROMATOGRAPHY:

Separation of the enantiomers can be achieved ioal shationary phases by
formation of diastereomers via derivatizing agemtsnobile phase additives on a
chiral stationary phase. When used as an impuesy method, the sensitivity is

enhanced if the enantiomeric impurity clutes betbeeenantiomeric drug.

ISOCRATIC SEPARATION

In this technique, the same mobile phase combimasiased throughout the
process of separation. The same polarity or elustength is maintained the

process.

GRADIENT SEPARATION

In this technique, a mobile phase combination @felopolarity or elution

strength is used followed by gradually increasimgpolarity or elution strength.
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ANALYTICAL HPLC

In this only analysis of the samples are done. Re&goof the samples for

reusing is normally not done, since the sampled asevery low.

PREPARATIVE HPLC

Where analysis of the individual fractions of purempounds can be

collected using fraction collector. The collectasnples are reused.

ION-PAIR CHROMATOGRAPHY

lon Pair Chromatography (IPC) is used to separatgcianalytes on a
Column. An lon Pair reagent is added to modulatenten of the ionic analytes.
lon-pair chromatography is commonly used in comiiamawith UV detection, in

which case it is referred as reverse phase ionepaomatography (RPIPC).

Principle of ion-pairing:

With the aid of ion pair chromatography it is pddsito separate the same
analytes as in ion exclusion chromstography, bet skparation mechanism is
completely different. The stationary phases usedcampletely polar reverse phase
materials such as are used in distribution chrografhy. A so-called ion pair
regent is added to the clueivs; this consists adraccationic surfactants such as
tetra alkyl ammonium salts or n-alkylsulfonic acid®gether with the rppositely
charged analyte ions the ion pair reagents formrexharged ion pair, which can be
retarded at the stationary phase by hydrophoberactions. Separation is possible
because of the formation constants of the ion pamd their different degrees of

adsorption. Figure 1 shows a simplified static exthange model in which it is

Dept. of Pharmaceutical Analysis 16 JKKMMRF'S Cotie of Pharmacy



Introduction

assumed that interactions with the analytes c-ccur after adsorption of the ic

pair reagent at the stationary ph

Mobile phase

E!uenl ion Analyte ion \Jj
CD
lon pair reagent

2
c

W\M\/‘\

Stationary phase

Fig No.1: lon Pairing
Separation mechanismr

lon-exchange selectivity is mediated by both the mafiilase and stationa
phase. In contrast the selectivity of an-pair separation is determined primarily
the mobile phase. The two major components of atgiewbilephase are the i-
pair reagent and the organic solvent; the typecamtentration of each compon
can be varied to achieve desired separation. Th-pair reagent is a large ior
molecule that carries a charge opposite to analf/teterest. It usuly has both
hydrophobic region to interact with the analyteat®nary phases used for -pair
are neutral, hydrophobic resins such as polystyrenenyl benzene or bonde

silica. A single stationary phase can be useditbeeanion or cation analss.

Although the retention mechanism of -pair chromatography is not ful

understood, three major theories have been prog

* lon pair formation
* Dynamic ion exchan

* |on interaction
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In first model, the analyte and ion-pair reagemtrf@ neutral pair, which is
then partitions between the mobile phase and s@tyophase. Retention can be
controlled by varying the concentration of crgasadvent in the mobile phase as in

reverse phase chromatography.

The dynamic ion-exchange model maintains that tftedphobic portion of
ion-pair reagent adsorbs to the hydrophobic statipphase to form a dynamic ion-
exchange surface. The analyte is retained on tiiface, as it would in classic lon
Chromatography. Using this scenario, solvents usdide mobile phase can be used
to impede interaction of ion-pair reagent with #tationary phase, there by altering

the capacity of the column.

A third model describes an electrical double layet is formed when ion-
pair reagent permeates the stationary phase, ogrwith it an associated counter-
ion. Retention of analyte ion in this model is degent upon a combination of

factors including those described in first two misde

Typical IP reagents are divided into two categories

» Cationic: These are used for anion analysis. Catimm-pair reagents include
ammonium and tetra methyl-, tetraethyl-, tetra prgpand tetra butyl
ammonium.

» Anionic: These reagents used for cation analysis. Anioncpeir reagents
include hydrochloric, perchloric, and perfluorocaxilic acids and pentane-,

hexane-, heptane, and octane sulfonic acids.
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INSTRUMENTATION OF HPLC
The individual components HPLC and their workingdtions are described belc

» Mobile phase and reserv
» Solvent degassing syst
» Pump

» Injector

» Column

» Detector

» Data System

Sotvent Delivery Detector
Injector

Cofumn

Sample Injection

Dala Precossor

MOBILE PHASE AND RESERVOIR

The most common type of solvent reservoir is agglasttle. Most of thi
manufacturers supply these bottles with speciak,cdeflon tubing and filters 1

connect to the pump inlet and to the pigas (helium) used to remove dissolvec

The mobile phase is pumped under pressure fromoorseveral reservoi
and flows through the column at a constant ratethWicro particulate packin

there is a higtpressure drop across a chromatography cn. Eluting power of th
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mobile phase is determined by its overall polartthe polarity of the stationary
phase and the nature of the sample componentsnéional phase separations,
eluting power increases with increasing polarityhaf solvent but for reversed phase
separations, eluting power decreases with incrgasoivent polarity. Optimum
separating conditions can be achieved by makingofisaixture of two solvents.
Some other properties of the ;:1 vents, which rtedak considered for a successful
separation, are boiling point, viscosity, ir.ectoompatibility, flammability and

toxicity.

Mobile phases used for HPLC typically are mixtuoé®rganic solvents and
water or aqueous ruffers. Isocratic methods ardegable to gradient methods.
Gradient methods will sometimes be -t.quired when molecules being separated
have vastly different partitioning properties. Whearelution method is used, care

must be taken to ensure that all solvents are hiesci

The following points should also be considered wtlemosing a mobile phase

It is essential to establish that the drug is stablthe mobile phase for at

least the duration of the analysis.

Excessive salt concentrations should be avoidedh I8alt concentrations

can result in precipitation, which can damage HRigGipment.

The mobile phase should have a pH 2.5 and pH 7n@atdmize the lifetime

of the column.

Reduce cost and toxicity of the mobile phase bypgisnethanol instead of
acetonitrile when possible minimize the absorbavfcbuffer. Since trifluoroacetic

acid, acetic acid or formic acid absorb at showarelengths, they may prevent
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detection of products without chromophores abov® 2@n. Carboxylic acid
modifiers can be frequently replaced by phosphaditl, which does not absorb

above 200 nm.

Use volatile mobile phases when possible, to tatdicollection of products
and LC-MS analysis. Volatile mobile phases incladenonium acetate, ammonium
phosphate, formic acid, acetic acid, and trifluceda acid. Some caution is needed

as these buffers absorb below 220 nm.

lonizable compounds in some cases can present swoldems when
analyzed by reverse phase chromatography. Two matidns of the mobile phase
can be useful in reverse phase HPLC for ionizablapounds. One is called ion
suppression and other ion pairing chromatograpmybdth techniques, a buffer is
used to ensure that the pH of the solution is @msind usually at least 1.5 pH units

from a pKa of the drug to ensure that one form pneidates.

If pH is approximately equal to pKa, peak broadgngan occur. In ion
suppression chromatography, the pH of the aqueori®p of the mobile phase is
adjusted to allow the neutral form of the drug tedmminate. This ensures that the
drug is persistent in only one form and resulteriprovement of the peak shape and

consistency of retention times.

In ion pairing chromatography, the pH of the molpitexse is adjusted so that
the drug is completely ionized. If necessary to rowp peak shape or lengthen
retention time, an alkyl sulfonic acid salt or buknion such as trifluoroacetic acid
is added to the ion pair to cationic drugs or ateumary alkyl ammonium salt is

added to ion-pair to anionic drugs. lon pairingacthatography also allows the
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simultaneous analysis of both neutral and chargedmpounds.

(Gurdeep.R.Chatwal, Sham.K.Anand, 2008)
SOLVENT DEGASSING SYSTEM

The constituents of the mobile phase should besseghand filtered before
use. Several methods are employed to remove tlseldesl gases in the mobile

phase.

They include heating and stirring, vacuum degassiilp an aspirator,
filtration through 0.45 filter, degassing with amr-soluble membrane, helium

purging ultra signification or purging combinatiohthese methods.

Helium purging and storage of the solvent undeiluhels not sufficient for
degassing aqueous solvents. It is useful to appisgcaum for 5-10 min and then
keep the solvent under a helium atmosphere.HPL@&mgsare also provided an
online degassing system, which continuously remdhessolved gases from the

mobile phas¢Skoog, 2012 )
PUMP:

High pressure pumps are needed to force solverdagh packed stationary
phase beds. Smaller bed particles require highesspres. There are many
advantages to using smaller particles, but they may be essential for all

separations.

The most important advantages are: higher resolutester analyses, and
increased sample load capacity. However, only tlestndemanding separations

require these advances in significant amounts.
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Many separation problems can be resolved with tapgeticle pickings that
require less pressure. Flow rate stability is amotimportant pump feature that
distinguishes pumps. Very stable flow rates areallgunot essential for analytical

chromatography.

However, if the user plans to use a system inexotusion mode, then there
must be a pump which provides an extremely stdble rfate. An additional feature
found on the more elaborate pumps is externalreleict control. Although it adds
to the expense of the pump, external electronidrobis a very desirable feature

when automation or electronically controlled gradiseare to be run.

Alternatively, this becomes an undesirable feafsigce it is an unnecessary
expense) when using isocratic methods. The dedrééevocontrol also varies with
pump expense. More expensivePumps include such stahe-art technology as

electronic feedback and multi headed igurations.

It is desirable to have an integrated degassingsyeither helium purging,

or membrane filtering.

INJECTOR

Sample introduction can be accomplished in varimays. The simplest

method is to use an injection valve.

In more sophisticated LC systems, automatic sampldevices are
incorporated where the sample is introduced with lielp of auto samplers and
microprocessors. In liquid chromatography, liguaanples may be injected directly

and solid samples need only be dissolved in anogpiatte solvent. The solvent need
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not be the mobile phase, but frequently it is jumlisly chosen to avoid detector

interference, column/component interference, asd io efficiency or all of these.

It is always best to remove particles from the danby filtering over a 5 urn
filter, or centrifuging, since continuous injectorof paniculate material will
eventually cause blockages in injection devicesabumns. Sample sizes may vary

widely.

The availability of highly sensitive detectors fueatly allows use of the
small samples which yield the highest column pentomce. Sample introduction

techniques can be used with a syringe or an igeatalve.

COLUMN

The heart of the system is the column. The choiceoonmon packing

material and mobile phases depends on the physicpérties of the drug.

Many different reverse phase columns will provideeatient specificity for
any particular separation. It is therefore besiittinely attempt separations with a
standard Cg or Cig column and determine if it pdegi good separations. If this
column does not provide good separation or the lmgiiiase is unsatisfactory,

alternate methods or columns should be explored.

Reverse phase columns differ by the carbon chaigthe degree of end
capping and percent carbon loading. Diol, cyanoandho groups can also be used

for reverse phase chromatography.

Typical HPLC columns are 5,10,15 and 25 cm in leraytd are filled with

small diameter (3, 5 or 10 um) particles. The imardiameter of the columns is
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usually 4.6 mm; this is considered the best compperor sample capacity, mobile

phase consumption, speed and resolution.

However, if pure substances are to be collectedp@rative scale), then
larger diameter columns may be needed. Packingcohenn tubing with small

diameter particles requires high skill and spexgiequipment.

For this reason, it is generally recommended thatbat the most
experienced chromatographers purchase prepackathies] since it is difficult to
match the high performance of professionally pack€dcolumns without a large

investment in time and equipment.

In general, LC columns are fairly durable and oae expect a long service
life unless they are used in some manner whicimtrgnsically destructive, as for
example, with highly acidic or basic duents, orhamiontinual injections of'dirty’

biological or crude samples.

It is wise to inject some test mixture (under fix@@hditions) into a column
when new, and to retain the chromatogram. If qoeable results are obtained later,

the test mixture can be injected again under sieotfonditions.

The two chromatograms may be compared to establisther or not the

column is still useful.

DETECTOR

Today, optical detectors are used most frequentliquid chromatographic
systems. These detectors pass a beam of lightghrthe flowing column effluent

as it passes through a low Volume (~10ul) flow.cell
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The variations in light intensity caused by UV alpsion, fluorescence
emission or change in refractive index, from th@aske components passing through

the cell, are monitored as changes in the outplihge.

These voltage changes arc recorded on a strip dd@stder and frequently
are fed into a computer to provide retention tinmel peak area data. The most

commonly used detector in LC is the ultraviolet@bsion detector.

A variable wavelength detector of this type, capaifl monitoring from 190

to 400 run, will be found suitable for the deteotaff the majority samples.

Other detectors in common use include: Photo Diaday UV detector

(PDA), refractive index), fluorescence (FLU), elechemical (EC).

The RI detector is universal but also the lessigteasone. FLU and EC

detectors are quite sensitiug to 10-15 pmole) but also quite selective.

DATA SYSTEM

Since the detector signal is electronic, using mwoddata collection
techniques can aid the signal analysis. In addisome systems can store data in a

retrievable form for highly sophisticated compuealysis at a later time.

The main goal in using electronic data systemsoisgntrease analysis
accuracy and precision, while reducing operat@nétin. There are several types of
data systems, each differing in terms of availé#tures. In routine analysis, where
no automation (in terms of data management or geocentrol) is needed, a pre-

programmed computing integrator may be sufficient.
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If higher control levels are desired, a more imgelht device is necessary,
such as a data station or minicomputer. The adgastaf intelligent processors in

chromatographs are found in several areas.

First, additional automation options become easiemplement. Secondly,
complex data analysis becomes more feasible. Téweskysis options include such
features as run parameter optimization and decatival (i.e. resolution) of

overlapping peaks.

Finally, software safeguards can be designed toceedccidental misuse of

the system.
HPLC THEORY:
System Suitability Parameters

High performance liquid chromatography is definexl a separation of
mixtures of compounds due to differences in thestridution equilibrium between
two phases, the stationary phase packed insidenosluand the mobile phase,

delivered through the columns by high pressure gump

Components whose distribution into the stationahage is higher, are
retained longer, and get icparated from those Waether distribution into the
stationary phase. The theoretical and practicaldatians of this method were laid

down at the end of 1960s and at the beginning 8049

The theory of chromatography has been used as dbkes lhor System-
Suitability tests, which are set of quantitativéesra that test the suitability of the
chromatographic system to identify and quantifygdrelated samples by HPLC at

any step of the pharmaceutical analysis.
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Retention Time (tn), Capacity Factor k' & Relative Retention Time (RRT)

The time elapsed between the injection of the sammpmponents into the
column and their detection is known as the Retarilione (k). The retention time is
longer when the solute has higher affinity to ttegisnary phase due to its chemical
nature. For example, in reverse phase chromatografifte more lypophilic

compounds are retained longer.

Therefore, the retention time is a property ofdhalyte that can be used for
its identification. Ar.on retained substance pagbesugh the column at a time to,

called the Void Time.

Retention factor is calculated as follows:

R—b
k]_: -----------
s

The Capacity Factor describes the thermodynamis lbashe separation and
its definition is the ratio of the amounts of th@ue at the stationary and mobile

phases within the analyte band inside die chrommajdgic column:

G
k]_: -----------

Gn

Where G is the concentration of the solute at the statippaase and ¢is
its concentration at the mobile phase and phieg#tio of the stationary and mobile

phase volumes all within the chromatographic band.

Retention Factor is used to compare the retentfom solute between two

chromatographic is, normalizing it to the colungesmetry and system flow rate.
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The retention factor value should be in betweer® 1The need to determine
the void time can be ticky sometimes, due to tistalnility of the elution time of the
void time marker, ¢ therefore, when the chromatogram is complex itunea and
one. known component is always present at a artééemtion time, it can be used as
a retention marker for other peaks. In such cdsesatio between the retention time
of any peak in the chromatogram and the retentiore tof the marker is used

(treakftrovarker) @nd referred to as the Relative Retention TinfeTR

RRT is also used instead of the capacity ratiotler identification of the
analyte as well as to compare its extent of redant two different chromatographic

systems.

The sharpness of a peak relative to its reteniimie is a measure of the
system's efficiency, calculated as N, plate coBahd-broadening phenomena in the
column such as eddy diffusion, molecular diffusiand mass-transfer kinetics and

extra-column effects reduce the efficiency of tapagation.

The sharpness of a peak is relevant to the limitetection and limit of
guantification of the chromatographic system. Tharger the peak for a specific
area, the better is its signal-to-noise; hencesffs¢em is capable of detecting lower

concentrations.

Therefore, the efficiency of the chromatographistesn must be established
by the system suitability test before the analg$ilow concentrations that requires
high sensitivity of the system, such as the anslysi drug impurities and

degradation produc{&asture AV et al., 2010), (Lindsay S, 1991)
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Efficiency: Plate Count N and Peak Capacity P

The efficiency of the separation is determined gy Plate Count N when
working at isocratic conditions, whereas it is Ugumeasured by Peak Capacity P

when working at gradient conditions.

The following equation for the plate count is udmg the United States

Pharmacopoeia (USP) to calculate N:

W(Baseline)

Where w is measured from the baseline peak widltulzded using lines
tangent to the peak width x 50 % height. Europaah Japanese Pharmacopoeias

use the peak width at 50% of the peak height, héreequation becomes:

Peak Capacity HAs defined as number of peaks that can be sepanatiein
a retention window for i specific pre-determinedattion. In other words, it is the
runtime measured in peak width units 54). It isuassd that peaks occur over the

gradient chromatogram.

Therefore, Peak Capacity can be calculated fromptak widths w in the

chromatogram as follows:

(/X1 w
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Where n is the number of peaks at the segmenteoftadient selected for
the calculation, Thus peak capacity can be simply the gradienttime divided
by the average peak width. The sharper the peakéitgher is the peak capacity,
hence the system should be able to resolve moies @dahe selected run time as

well as detect lower concentrations.

Another measure of the column's chromatographiciefifcy is the Height
Equivalent to Theoretical Plate (HETP) which iscogted from the following

equation:

HETP = (L/N)

Where L is column length and N is the plate cotHETP is measured in
micrometer.The behavior of HETP as function of dneelocity has been described
by various equations. It is frequently called "TYian-Deemter curve”, and it is
frequently used to describe and characterize varduomatographic stationary

phases' performance and compare them to each other.

Lower are the values of HETP, the more efficienthe chromatographic
system, enabling the toection of lower concentretidue to the enhanced signal-to-

noise ratio of all the peaks in the chromatogram.

Ptak Asymmetry Factor A; and Tailing Factor T

The chromatographic peak is assumed to have a @audsape under ideal
conditions, describing normal distribution of theelacity of the molecules

populating the peak zone migrating through thamstaty phase inside the column.

Any deviation from the normal distribution indicat@on-ideality of the

distribution and the migration process thereforghhjeopardize the integrity of the
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peak's integration, reducing the accuracy of thantjfication. This is the reason
why USP Tailing is a peak's parameter almost alwagsmsured in the system

suitability step of the analysis.

The deviation from symmetry is measured by the Asgtny Factor, Af or
Tailing Factor T. The calculation of Asymmetry FactAfis described by the

following equation:

A10%k)
Af = —-mm—m--

B1owk)

Where A and B are sections in the horizontal liaeapel to the baseline,

drawn at 10% of the peak height

The calculation of Tailing Factor, T, which is monadely used in the
pharmaceutical industry, as suggested by the pltamesas, is described by the

following equation:

Where A and B are sections in the horizontal liaeapel to the baseline,
drawn at 5% of the peak height. The USP suggeatsTiling Factor should be in

the range of 0.5 up to 2 to assure a precise antate quantitative measurement.

Selectivity Factor: Alfa and Resolution Factor Rs

The separation is a function of the thermodynamidsthe system.
Substances are separated in a chromatographic coldman their rate of migration

differs, due to their different distribution betwethe stationary and mobile phases.

The Selectivity Factor, a, and Resolution Facta, Reasure the extent of

separation between two adjacent peaks. The Setgdtactor accounts only for the
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ratio of the Retention Factors, k', of the two Eedk2/k'l), whereas the Resolution
Factor, Rs, accounts for the difference betweendtention times of the two peaks

relative to their width.

The equation that describes the experimental measnt of the Resolution

Factor, Rs, is as follows:

Where  is the retention time of peaks 1 and 2 respectieglg w is their
respective peak width at the tangents' baselineoiling to the pharmacopeias Rs

should be above 1.5 for an accurate quantitativ@somement.

The resolution is a critical value when working lwdomplex samples such
as drug impurities and degradation products, orrwthe formulation is complex
and excipients might interfere with the quantitattmeasurements. Therefore, it is an
essential part of the system suitability measurénseéage before the quantitative

work of these types of samples.

The sample used for the measurements of Rs dummgystem suitability
runs is sometimes called Resolution Solution, lially contains the components

that are the most difficult to resolve.

The theoretical description of the Resolution Fa&se equation is shown in
Equation. It includes some of the above parametieesplate count N, the selectivity

a and the average of the two peaks' capacity fa&tor

=1 (5) ()

[ Kapel+l
It can be clearly seen from this equation that plege count is the most
effecting parameter in the increase of the chrogratghic resolution. Since the

plate count increases with the reduction in pattthmeter, it explains the reduction
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in particle diameter of the stationary phase malekiring the last 3 decades of

HPLC.

This is also the rationale behind the recent tiendPLC, the use of sub 2
micron particle columns and the development of acwby design of ultra

performance HPLC systems to accommodate such celumn
1.2 ANALYTICAL METHOD DEVELOPMENT

Method development has following steps:

Collect information on sample, define separatioalgo

11

Need for special HPLC procedure, sample pretredtreén

11

Choose detector and detector settings

11

Choose LC method, preliminary run, select bestrsgjoa conditions

11

Optimize separation

11

Check for problems, requirement for special procedu

— L T

Recover purified material Quantitative calibration Qualitative method

11

Validate method for release to routine laboratgry
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A good method development strategy should requindy cas many
experimental runs as are necessary to achievestheed final result. Finally method
development should be as simple as possible, arsghauld allow the use of

sophisticated tools such as computer modeling.

The important factors, which are to be taken intocoant to obtain reliable

guantitative analysis, are:

1. Careful sampling and sample preparation.

2. Appropriate choice of the column.

3. Choice of the operating conditions to obtaie #dequate resolution of the

mixture.

B

Reliable performance of the recording and Hatalling systems.

5. Suitable integration/peak height measurenesftrtique.

6. The mode of calculation best suited for theppee

7. Validation of the developed method.

Sample preparation

Samples come in various forms:

» Solutions ready for injection

» Solutions that require dilution, buffering, additi@f an internal standard or

othervolumetric manipulation

> Solids must be dissolved or extracted
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» Samples that require pretreatment to remove intrtes and/or protect tl

column orequipment from dame.

Most samples for HPLC analysis require weighing @od volumetric dilutior
before injection. Best results are often obtainé@nvthe composition of the sam
solvent is close to that of the mobile phase sthé® minimizes baseline upset &
other poblems. Some samples require a partial separapi@ir¢atment) prior t
HPLC, because of need to remove interferences,ectrate sample analytes

eliminate "column killers'(SatinderAhuja and Michael W. Don¢ , 2006)

SELECTING HPLC METHOD AND INITIAL CONDITIONS:

The modeof HPLC can be selected based on the followingtc

Reverse

Hydro carbon
soluble

Adsorption

—| Organic soluble |
—| Alcohol soluble

Normal phase

Adsorption I
MW=2000 :
Cation
_{ Electrolyte '— exchange
Anion exchange
| Woater soluble
—L Reverse phase |
Sample |
Non electrolyte [
-—| Nnarmal nhasge |
Organic soluble SFC
MW=2000

_—-| water soluble SEC
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In many cases the development of an adequate sargiteatment can be
challenging for achieving a good HPLC separatione Bamples may be of two
types, regular or special. The regular samples tgpgcal mixtures of small

molecules (<2000Da) that can be separated by natauiding conditions.

THAT ARE TO BE ACHIEVED IN METHOD DEVELOPMENT

Table No.l: Goals in method development

Goal Comment
Separation time <5-10 min is desirable for routine procedures.
Qualification 52% for assays; S5% for ledemanding analyses <15%

trace analyses.

Pressure <150 bars is desirable, <2QO bars is usually esdefriew
column assumed).

Peak height Narrow peaks are desirable for large signal/n@ases.

Solvent consumptiorfMinimum mobile-phase use per run is desirable.

OPTIMIZATION OF HPLC METHOD

During the optimization stage, the initial setscohditions that have evolved
from the first stages of development are improvedmaximized in terms of
resolution and peak shape, plate counts, symme#pyacity factor, elution time,
detection limits, limit of quantification and ovdrability to quantify the specific

analyte of interest.
Optimization of a method can follow either of twengral approaches:

> Manual

» Computer driven
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The manual approach involves varying one experiaierdriable at a time,
while holding all other constant and recording demin response. The variables
might include flow rate, mobile or stationary phasemposition, temperature,

detection wavelength and pH.

The univariate to system is slow, time consuming jpotentially expensive.
However, it may provide a better understanding lué principles and theory

involved and of interactions of the variables.

In the second approach, computer driven automatetthad development,
efficiency is optimized experimental input is minked. Computer driven
automated approaches can be applied to applicatioasldition, they are capable of

significantly reducing the time, energy and cassfiumental method development.

The various parameters that include to be optimizeoing method

development are
» Selection of mode of separation.
» Selection of stationary phase,
» Selection of mobile phase.
» Selection of detector.
Selection mode of separation

In reverse phase mode, the mobile phase is comgayamore polar than
the stationary phase. For Ae separation of polanaderately polar compounds, the

most preferred mode is reverse phase.
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The nature of the analyte is the primary factathm selection of the mode of

separation. A second factor is the nature of thigixna

A useful and practical measurement of peak shapeak asymmetry factor
and peak tailing factor. Peak asymmetry is measatrd®% of full peak ‘height and
peak tailing factor at 5%. Reproducibility of netien times and capacity factor is

important for developing a rugged and repeatablihoue
Buffers if any and its Strength

Buffer and its strength play an important role ieciding the peak

symmetries and separations. Some of the most cotgramployed buffers are

» Phosphate buffers prepared using salts like;R®, KHPO, NaHPO,,
NaHPOi etc.

» Phosphoric acid buffers prepared using HjPO.

> Acetate buffers-Ammonium acetate, Sodium acetate et

» Acetic acid buffers prepared using ¢gFOOH.

The retention also depends on the molar strengththeo buffer-Molar
strength is increasingly proportional to retenttones. The strength of the buffer
can be increased, if necessary to achieve the reghj@eparations. The solvent
strength is a measure of its ability to pull analffom the column. It is generally

controlled by the concentration of the solvent witl highest strength.

It is important to maintain the pH of the mobileagk in the range of 2.0 to
8.0 as most columns does not withstand to the pldhndre outside this range. This
is due to the fact that the siloxane linkages aeaved below pH 2.0, while pH

values above 8.0, silica may dissolve.
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Mobile Phase Composition

Most chromatographic separations can be achievathbgsing the optimum
mobile phase composition. This is due to the fhett tfairly large amount of
selectivity can be achieved by choosing the qualgaand quantitative composition

of agueous and organic portions.

Most widely used solvents in reverse phase chrognaphy are Methanol
and Acetonitrile. Experiments should be conducteath wnobile phases having
buffers with different pH and different organic glea to check for the best

separations of analyte peak.

A mobile phase which gives separation of analytkpnd which is rugged
for variation of both aqueous and organic phasatbgast + 0.2% of the selected

mobile phase composition should be used.

Selection of Detector

The detector was chosen depending upon some afigstctproperty of the
analyte like UV absorbance, florescence, conduetaoxidation, reduction etc. The
characteristics that are to be fulfilled by a diteto be used in HPLC determination

are,

» High sensitivity facilitating trace analysis

> Negligible baseline noise to facilitate lower déi@c

» Large linear dynamic range.

> Low dead volume

» Inexpensive to purchase and operate
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Pharmaceutical ingredients do not absorb all U\htligqually, so that
selection of detection wavelength is important. aderstanding of the UV light
absorptive properties of the organic impurities aheé active pharmaceutical

ingredient is very helpful.

For the greatest sensitivity it should be usedrdJliolet wavelengths below
200nm should be avoided because detector noiseases in this region. Higher

wavelengths give greater selectivity.

Performance Calculations

Carrying out system suitability experiment does tlperformance
calculations. System suitability experiments camléined as tests to ensure that the

method can generate results of acceptable accaratprecision.

The requirements for system suitability are usudbyeloped after method
development and validations have been completed. crlieria selected will be
based on the actual performance of the method tasngi@ed during its validation.
For example, if sample retention times form parth@ system suitability criteria,

their variation SD can be determined during val@at

System suitability might then require that retentiomes fall within a +3 SD

range during routine performance of the method.

The USP (2000) defines parameters that can be tosddtermine system
suitability prior to analysis. These parametersude plate number (n), tailing factor
(T), resolution (Rs) and relative standard deviatiRRSD) of peak height or peak
area for respective injections.The RSD of peakliterg area of five injections of a

standard solution is normally accepted as one efstlandard criteria. For assay
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method of a major component, the RSD should tylyida# less than 1% for these

five respective injections.

The plate number and' or tailing factor are usdtiéfrun contains only one
peak. For chromatographic separations with more tme peak, such as an internal
standard assay or an impurity method expected tdaiob many peaks, some
measure of separations suchrais recommended. Reproducibility of tR or k value
for a specific compound also defines system perdmica. The column performance
can be defined in terms of column plate number.thfs plate count is more the

column is more efficien{Khopkar S.M, , 2008 )
1.3 ANALYTICAL METHOD VALIDATION

Method validation can be defined &BCH) "Establishing documented
evidence, which provides a high degree of assuréimmea specific activity will
consistently produce a desired result or producteting its predetermined

specifications and quality characteristics.

Method validation is an integral part of the methadelelopment; it is the
process by which a method is tested by the develmpeaser for reliability, accuracy
and preciseness of its intended purpose and deratingtthat analytical procedures
are suitable for their intended use that they stippe identity, quality, purity, and
potency of the drug substances and drug produets fthus generated become part
of the methods validation package submitted to €efdr Drug Evaluation and
Research (CDER). Simply, method validation is thlmecess of proving that an

analytical method is acceptable for its intendeppse.
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All the variables of the method should be consideracluding sampling
procedure, sample preparation, chromatographicratpa, and detection and data
evaluation. For chromatographic methods used inyaca applications there is
more consistency in validation practice with keyalgtical parameters includes

namely.

» System suitability

» Specificity

» Accuracy

> Precision

» Linearity

> Limit of Detection

» Limit of Quantification

» Ruggedness

» Robustness

SYSTEM SUITABILITY

According to the USP, system suitability tests are integral part of
chromatographic methods. | These tests are useerify that the resolution and
reproducibility of the system are adequate forahelysis to be performed. System
suitability tests are based on the concept thaethepment,electronics, analytical
operations, and samples constitute an integrakesyshat can be evaluated as a

whole.
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The purpose of the system suitability test is tguea that the complete
testing system (including instrument, reagentsjrools, analysts) is suitable for the

intended application.

Similar to the analytical method development, tlysteam suitability test
Strategy should be revised as the analysts dewetop experience with the assay.
In general, consistency of system performance..(Rgplicate injections of the
standard) and chromatographic suitability.(Eg: ihgifactor, column efficiency and

resolution of the critical pair) are the main coments of system suitability.

During the early stage of the method developmentgss some of the more
sophisticated system suitability tests may not Ibactcal due to the lack of
experience with the method. In this stage, usualtyore "generic" approach is used.
For example, evaluation of the tailing factor teeck chromatographic suitability,
and replicate injections of the system suitab#ityution to check injection precision
may be sufficient for an HPLC impurities assay. the method matures more
experience is acquired for this method, a more istipated system suitability test

may be necessary.

System suitability is the checking of a systemnsuge system performance

before or during the analysis of unknowns.

Parameters such as plate count, tailing factorsplugon and reproducibility

(%RSD retention time and area for six repetitioas) determined and compared
against the specifications set for the method. &lpgegameters are measured during
the analysis of system suitability "sample" tha& isixture of main components and

expected by-productéBeckett, J.B. Stenlak, 2001), (Willard H, 1988)
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Table No.2: System suitability parameters and recomendations

Capacity Factor (k") The peak should be well-resolfrom other peaks and the
void volume, generally k' 1 to 20

Repeatability RSD < 1% for N > 5 is desirable.
Relative retention Not essential as long as theluéen is stated.
Resolution (B Rs of > 2 between the peak of interest and the ctgses

eluting potential interfering (impurity, excipient,
degradation product, internal standard, etc.

T of >0.5and <2 Tof>0.5and<?2

Theoretical Plates (N) N > 3000

SPECIFICITY/SELECTIVITY

The terms selectivity and specificity are often dusmterchangeably.
According to ICH, the term specific generally reféo a method that produces a
response for a single analyte only while the teetecivity refers to a method that
provides responses for a number of chemical estitiat may or may not be
distinguished from each other. If the response iginguished from all other
responses, the method is said to be selectivee Sinere are very few methods that

respond to only one analyte, the term selectigtysually more appropriate.

Specificity is the ability of a method to discrirabe between the analyte(s)
of interest and other components that are presdhiei sample. Studies are designed
to evaluate the degree of interference, if any,ctvhtan be attributed to other
analytes, impurities, degradation products, reagblanks" and excipients. This
provides the analyst with a degree of certainty tharesponse observed is due to

the single analyte of interest. The degree of $ipdyitesting varies depending on
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the method type and the stage of validation. Spp#gif should be evaluated
continually through the drug development procesgecBicity is sometimes used
interchangeably with the term "selectivity". Thggament over which term is more
correct is one of semantics. Although there is sdiegention, the term "specificity"
has been adopted by the regulatory guidance dodsnsm should be used to

prevent further confusion.
Non-interference of Placebo

This portion of specificity evaluation applies teetfinished drug product
only. Excipients present in the formulation shoddd evaluated and must not
interfere with the detection of the analyte. Indival solutions of each excipient
prepared at several times the normal concentraifothe component in the drug
product ensure that any detector response fronexbipient will be readily visible.
Injecting individual solutions of each excipientdarihe HPLC system in comparison
with a standard solution of the analyte is one mea#rperforming this experiment.
The absence of apeak eluting at the retention tiinéhe active ingredient is

sufficient to demonstrate specificity for excipignt
Challenge Study

Injecting solutions of known process impurities,gaation products,
intermediates, homologues, dimers, etc. furtherllemges the specificity of a
method. Identification of these compounds may megan extensive search in order
to identify all possible species that may be pregethe sample. For new chemical
entities (NCE), this information may not be readiyailable. Probable suspects
should be identified by careful review of the swtiib route and manufacturing

process to identify any likely species that maylesent in the sample.
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DEGRADATION STUDIES

Degradation studies involve exposing the sampla teariety of stressed
conditions to further evaluate the specificity @gdadation products. In this study,
the drug substance, drug product, and the combaéxetgpients (or placebos) are

each exposed to the stressed conditions.

These may include, but are not limited to, heghtliacidic media, alkaline
media, and oxidative environments. Other conditimay be used depending on the

nature and chemistry of the test subject.

Forced degradation is usually evaluated with natemiban 20% degradation
of the drug substance, although more may be adudepdapending on the particular
properties of the drug. A reasonable effort shduddmade to degrade samples in
order to identify possible degradation productsthié planned experiments do not
show any appreciable degradation, the strengthoamjpposure time of the stress
condition may be increased, but degradation israquired for every condition
studied. There is a point beyond which the stresslition becomes extreme and
unrealistic. Sound scientific judgment should beduto determine the extent and

degree of degradation studies.

ACCURACY

Accuracy is the measure of how close the experiatefaiue is to the true
value. Accuracy should be established across theif@gd range of the analytical

procedure.
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Assay:

Drug Substance

Several methods of determining accuracy are availab

a) Application of an analytical procedure to an armalgt known purity (e.g.
reference material);

b) Comparison of the results of the proposed analyticacedure with those of
a second well-characterized procedure, the accufashich is stated and/or
defined.

c) Accuracy may be inferred once precision, lineaaityl specificity have been

established.

Drug Product

Several methods for determining accuracy are availa

a. Application of the analytical procedure to synthetnixtures of the drug
product components to which known quantities ofdhey substance to be
analyzed have been added.

b. In cases where it is impossible to obtain samplesllb drug product
components, it may be acceptable either to add knquantities of the
analyteto the drug product or to compare the residtained from a second,
well Characterized procedure, the accuracy of whghstated and/or
defined.

c. Accuracy may be inferred once precision, lineaaitg specificity have been

established.
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Impurities (Quantification)

Accuracy should be assessed on samples (drug suobiteug product)
spiked with known amounts of impurities. In casd®re it is impossible to obtain
samples of certain impurities and/or degradatiomdpcts, it is considered
acceptable to compare results obtained by an imdigpé procedure. The response
factor of the drug substance can be used. It shioelldlear how the individual or
total impurities are to be determined e.g., weigbight or area percent, in all cases

with respect to the major analyte.

Recommendations

Accuracy should be assessed using a minimum oft&rdaations over a
minimum of 3 concentration levels covering the ¢pst range (e.g. 3
concentrations / 3 replicates each of the totalyéinal procedure). Accuracy should
be reported as percent recovery by the assay ofrkramlded amount of analyte in
the sample or as the difference between the medntlan accepted true value

together with the confidence intervals.

PRECISION

Precision is the measure of how close the dateesadwe to each other for a
number of measurements under the same analyticalitmns. ICH has defined
precision to contain three components: repeatgpilittermediate precision and
reproducibility. Ruggedness as defined in USP XXIP25>, 1990 incorporates the

concepts described under the terms "intermediaeigion”, "reproducibility” and

"robustness” of this guide.
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Repeatability

(1)Injection Repeatability

Sensitivity is the ability to detect small changeshe concentration of the
analyte in the sample. Sensitivity can be parti@bntrolled by monitoring the

specification for injection reproducibility (systesuitability testing).

The sensitivity or precision as measured by mutiphjections of a
homogeneous sample (prepared solution) indicatepénformance of the HPLC

instrument under the chromatographic conditionsagadtested.

The information is provided as part of the validatidata and as a system
suitability test. The specification, as the coedint of variation in % or relative
standard deviation (RSD), set here will determhme\tariation limit of the analysis.
The tighter the value, the more precise or semsitivvariation one can expect the
results. This assumes that the chromatograph datesmafunction after the system
suitability testing has been performed. Keep in dnihowever, that it does not
consider variations due to the drug product manufag and laboratory sample
preparation procedures. The set of four duplicatedes were injected sequentially.

Variations in peak area and drift of retention t&naee noted.

Precision refers to the reproducibility of measueatwithin a set, that is, to
the scatter of dispersion of a set about its ckmtwe. The term 'set’ is defined as
referring to a number (N) of independent repliaaasurements of some property.
One of the most common statistical terms emplogetheé standard deviation of a

population of observation. Standard deviation ie #guare root of the sum of
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squares of deviations of individual results for thean, divided by one less than the

number of results in the set. The standard dewviéias given by

1 .
S= |- N (xi—x)2

Standard deviation has the same units as the pydpeing measured.
The square of standard deviation is called varigi®p Relative standard
deviation is the standard deviation expressedfescion of the mean, i.e., S/X. It is

sometimes multiplied by 100 and expressed as aperelative standard deviation.

It becomes a more reliable expression of precision.
% Relative standard deviation = S x 100 /x
Recommendations

As part of method validation, a minimum of 10 injens with an RSD of
2% is recommended. With the methods for releasestatallity studies, an RSD of
2% for precision of the systemsuitability tests &brleast five injections (n=5) for
the active drug either in drug substance or druglyct is desirable. For low-level

impurities, higher variations may be acceptable.
(iAnalysis Repeatability

Determination, expressed as the RSD, consists dfpleumeasurements of

a sample by the same analyst under the same aadlybinditions.

For practical purpose, it is often combined witbwracy and carried out as a

single study.
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(ii)Intermediate Precision

Intermediate precision was previously known as drtuggedness. The
attribute evaluates the reliability of the methodidifferent environment other than
that used during development of the method. Theative is to ensure that the
method will provide the same results when simiamples are analyzed once the
method development phase is over. Depending on dingeresources, the method

can be tested on multiple days, analysts, instrisnetc.

Intermediate precision in the test method can b#lypassured by good
system suitability specifications. Thus, it is imamt to set tight, but realistic,

system suitability specifications.

LINEARITY

The linearity of a method is its ability to obtdest results that are directly
proportional to the analyte concentration oveneegirange. For HPLC methods, the
relationship between analyte concentration and ctiateresponse (peak area or

height) is used to make this determination.

Concentration Ranges

The concentration range used for linearity shoudd large enough to
encompass the desired range of the method. A mmiroil five concentration
ranges should be investigated and a plot of thectl@mt response vs. the sample
concentration should be generated. It is importhat the concentration ranges
selected for the linearity study are relatively @fuspaced throughout the range of
the method (e.g., 50%, 75%, 100%, 125% and 15084) nat clustered, as this will

provide a skewed estimation of linearity.

Dept. of Pharmaceutical Analysis 52 JKKMMRF'S Cotie of Pharmacy



Introduction

Acceptance Criteria

Acceptance criteria should be evaluated to endwakthey are meaningful
when compared with the performance of the methaablel 6 gives a list of
suggested acceptance criteria for use in evaluatietpod linearity. The ranges in
Table 6 are suggestions only and should be adjustedsure that all specification
limits are within the validated linear range foryagiven method, Under most
circumstances, regression coefficient (r) is 0.99®ercept and slope should be

indicated.

Statistical Analysis

Linearity data should be evaluated using approprdatistical methods. A
simple regression line of the detector responsehesanalyte concentration is the
most common means of evaluation. Regulatory agsrmreiguire the submission of
the correlation coefficient, y-intercept, slopetioé regression line, and the residual

sum of squares for linearity evaluation.

A graphical representation of the linearity dat@wdti also be generated.
Additional analysis of the deviation of the actualues from the regression line is
suggested, especially when the method uses a gogie calibration standard. The
percent y-intercept is calculated by dividing thmtercept by the detector response
at the nominal concentration expressed as a pagenfEor single-point calibration,

this value should be less than 1 -2% to ensureratzesults.

Dept. of Pharmaceutical Analysis 53 JKKMMRF'S Cotie of Pharmacy



Introduction

Table No.3: Statistical analysis

Test Level Range Acceptance criteria
Assay 5 50% to 150% R> 0.999
Dissolution | 5-8 10% to 150% R >0.99
Impurity 5 LOQ to 2% R >0.98

LIMIT OF DETECTION

These limits are normally applied lo related sutsts in the drug substance
or drug product. Specifications on these limits ambmitted with the regulatory
impurities method relating to release and stabditypoth drug substance and drug

product.

Limit of detection is the lowest concentration offte in a sample that can
be detected, but not necessarily quantified, utlteestated experimental conditions.
With UV detectors, it is difficult to assure theteetion precision of low-level
compounds due to potential gradual loss of seiisitbf detector lamps with age, or

noise level variation by detector manufacturer.

At low levels, assurance is needed that the deteeind quantification limits
are achievable with the test method each time. Wahreference standard for a
given impurity or means to assure detectabilitytrameous peak(s) could
"disappear/appear.” A crude method to evaluatefehsibility of the extraneous
peak detection is to use the percentage claimedidtection limit from the area
counts of the analyte. Several approaches for mieterg the detection limit are

possible, depending on whether the procedure aanstrumental or instrumental.
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Based on Visual Evaluation

Visual evaluation may be used for non-instrumemethods but may also be
used with instrumental methods. The detection limmdetermined by the analysis of
samples with known concentrations of analyte andesiablishing the minimum

level at which the analyte can be reliably detected
Based on Signal-to-Noise

This approach can only be applied to analyticalcedores which exhibit
baseline noise. Determination of the signal-to-eo&gio is performed by comparing
measured signals from samples with known low coinagans of analyte with those
of blank samples and establishing the minimum cotmagon at which the analyte
can be reliably detected. A signal-to-noise ratetween 3 or 2:1 is generally

considered acceptable for estimating the deteditin
Based on the Standard Deviation of the Response attte Slope

The detection limit (DL) may be expressed as:

Where,
o = the standard deviation of the response
S = the slope of the calibration curve

The slope S may be estimated from the calibratiomecof the analyte. The

estimate of s may be carried out in a variety ofsy&or example
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Based on the Standard Deviation of the Blank

Analyzing an appropriate number of blank sampled aalculating the
standard deviation of these responses perform mezasuat of the magnitude of

analytical background response.

Based on the Calibration Curve

A specific calibration curve should be studied gssamples containing an
analyte in the range of DL. The residual standa&awdation of a regression line or the
standard deviation of y-intercepts of regressioedi may be used as the standard

deviation.

Recommendations

The detection limit and the method used for deteigi the detection limit
should be presented. If DL is determined basedswralevaluation or based on signal
to noise ratio, the presentation of the relevanbrlatograms is considered acceptable

for justification.

In cases where an estimated value for the detedimoih is obtained by
calculation or extrapolation, this estimate may ssgjpently be validated by the
independent analysis of a suitable number of sanilewn to be near or prepared at

the detection limit.

LIMIT OF QUANTIFICATION

Limit of quantification is the lowest concentratiohanalyte in a sample that
can be determined with acceptable precision anduracg under the stated

experimental conditions. Several approaches fardehing the quantification limit
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are possible, depending on whether the procedura ison-instrumental or

instrumental.
Based on Visual Evaluation

Visual evaluation may be used for non-instrumemethods but may also be
used with instrumental methods. The quantificationit is generally determined by
the analysis of samples with known concentratidrenatyte and by establishing the
minimum level at which the analyte can be quardifsth, acceptable accuracy and

precision.
Based on Signal-to-Noisc Approach

This approach can only be applied to analyticalcedores that exhibit
baseline noise. Determination of the signal-to-eo&gio is performed by comparing
measured signals from samples with known low commagans of analytewilh those
of blank samples and by establishing the minimumceatration at which the

analyte can be reliably quantified. A typical sigte@noise ratio is 10:1.
Based on the Standard Deviation of the Response atite Slope
TJhe quantification limit (QL) may be expressed as:

100

QL =__._ ______
S

Where,
o = the standard deviation of the response

S = the slope of the calibration curve
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The slope S may be estimated from the calibratiomecof the analyte. The

estimate of s may be carried out in a variety ofjswa

Based on Standard Deviation of the Blank

Measurement of the magnitude of analytical backgdouesponse is
performed by analyzing an appropriate number afilblksamples and calculating the

standard deviation of these responses.

Based on the Calibration Curve

A specific calibration curve should be studied gssamples, containing an
analyte in the range of QL. The residual standawdation of a regression line or
the standard deviation of y-intercepts of regres$iites may be used as the standard

deviation.

Recommendations

The quantification limit and the method used forted@ining the
guantification limit should be presented. The listiould be subsequently validated
by the analysis of a suitable number of samplesvknio be near or prepared at the
guantification limit. Otherwise the information tha expressed as % area or height
of the drug substance peak from the same HPLC citagram willbe biased. It
should also be noted that the extraneous peak asgagcount does not consider the
detection response that depends on the UV extmciefficient or absorptivity of

the compound.
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RUGGEDNESS

The ruggedness of an analytical method is the degfeeproducibility of
test results obtained by the analysis of the sammapkes under a variety of
conditions, such as different laboratories, analyststruments, reagents, elapsed
assay times, assay temperatures, or days. It mailygr expressed as the lack of
influence on test results of operational and emwitental variables of the analytical

method.

Method Ruggedness is defined as the reproducikdlityesults when the
method is performed under actual use conditionghdte ruggedness may not be
known when a method is first developed, but insightbtained during subsequent

use of that method.

Recommendations

The ruggedness of an analytical method is detedryeanalysis of aliquots
from homogeneous lots in different laboratories, dijfferent analysts, using
operational and environmental conditions that mdferdbut are still within the

specified parameters of the assay.

The degree of reproducibility of test results isrttdetermined as a function
of the assay variables. This reproducibility maycbenpared to the precision of the

assay under normal conditions to obtain a meadiureauggedness of the method.

ROBUSTNESS

ICH defines robustness as a measure of the methapability to remain
unaffected by small, but deliberate variations etmod parameters. Robustness can

be partly assured by good system suitability sptibns. The evaluation of
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robustness should be considered during the developphase and depends on the
type of procedure under study. It should show #lability of an analysis with

respect to deliberate variations in method pararsete

If measurements are susceptible to variations elyinal conditions, the
analytical conditions should be suitably controlled a precautionary statement
should be included in the procedure. One conseguaricthe evaluation of
robustness should be that a series of system #gijtgkarameters(e.g., resolution
test) is established to ensure that the validitytled analytical procedure is

maintained whenever used.

Examples of typical variations are:

» Stability of analytical solutions

> Extraction time

In the case of liquid chromatography, exampleypiictl variations are

Influence of variations of pH in a mobile phase

» Influence of variations in mobile phase composition
» Different columns (different lots and/or suppliers)
» Temperature

> Flow rate.

In the case of gas chromatography, examples ofdypariations are

» Different columns (different lots and/or suppliers)

» Temperature.
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LITERATURE REVIEW

METHOD DEVELOPMENT  AND  VALIDATION FOR  THE
SIMULTANEOUS ESTIMATION OF TELMISARTAN AND AMLODIPI  NE
BESYLATE IN TABLET DOSAGE FORM BY RP-HPLC, WORLD

JOURNAL OF PHARMACY AND PHARMACEUTICAL SCIENCES ,

A simple, sensitive and rapid reverse phase HPL@Godewas developed for
the simultaneous estimation of Amlodipine besylaaead Telmisartan. A
Phenominex-luna C18 column (250x4.6 mm i.d 5u) wsed with a mobile phase
containing a mixture of acetonitrile and phosphdteffer in the ratio of
56:44%v/v.pH was adjusted with orthophosphoric awd4.The flow rate was
1ml/min and the eluents were monitored at the detegavelength of 236nm.The
retention times of Amlodipine besylate and Telntearwere found to be 4.32 and
5.32 minutes respectively.The validation of thepmsed method was carried out for
its specificity, accuracy, pecision, linearity, itmof detection and limit of

guantification for both Amlodipine and TelmisartéRajeswari Al, et al..; 2013)

Validation method for simultaneous estimation of enlodipine and telmisartan

by RP-HPLC in bulk and pharmaceutical dosage form

A simple, rapid, precise, accurate and highly semsiHigh Performance
Liqguid Chromatographic method has been developed walidated for the
simultaneous quantitative estimation of Amlodipia@d Telmisartan in bulk
pharmaceutical dosage form. Chromatography wasedaon Boston pH lex C18
ODS (150 x 4.6 mm) 5u Column with mobile phase Basemprising mixture of

pH 3.0 ammonium acetate buffer: acetonitrile — 30:v/v. The flow rate was
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adjusted to 0.75 mL/min with UV detection at 236 .nfhe retention times of
Amlodipine and Telmisartan were found to be 2.2d &rv2 min respectively. The
different analytical parameters such as lineadtguracy, precision, ruggedness and
robustness were determined according to the Iiems Conference on
Harmonization (ICH) Q2B guidelines. The detect@panse is linear in the range of
1-7 pg/mL and 8-56 pg/mL respectively. In the lmigastudy, the regression
equation and coefficient of correlation for Amlogig and Telmisartan were found
to be (y = 39.68x + 0.494, r = 0.999), (y = 649.5x86.9, r = 0.998) respectively.
The results of the all validation parameters weitliw their acceptance values. The
proposed method was successfully applied for gtzivie estimation of Amlodipine

and Telmisartan(A. Aroon, D. Suchitra , 2016 )

DEVELOPMENT AND VALIDATION OF REVERSED-PHASE HPLC
METHOD FOR SIMULTANEOUS ESTIMATION OF TELMISARTAN A ND
AMLODIPINE IN TABLET DOSAGE FORM , was achieved on (Waters
symmetry C18  250mm x 4.6mmpum) analytical  column hwit mobile
phase consisting mixture of Potassium dihydrqgessphate  (0.02M, pH 3.0
adjusted with orthophosphoric acid) and acetosiirilratio (60:40 v/v) at
flow rate of 1.5ml/min  and detector wavelength 287. The retention  time of
Amlodipine and telmisartan was found to be 3.5 &iddminutes respectively. The
validation of the proposed method was carried aut ifs specificity, linearity,
accuracy, precision, limit of detection and quaeaifion for both Telmisartan and
Amlodipine. The developed method can be useddatine quality analysis of titled
drugs in combination in tablet formulation.simgbdeecise and accurate reversed

phase liquid chromatographic method was developddralidated for simultaneous
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estimation of Telmisartan and Amlodipine in talft@mulations. The
chromatographic separatiofSURESH KUMAR GV a*, RAJENDRAPRASAD

Yb, 2010)

Handbook of Pharmaceutical Analysis for HPLC

Develop and validate a simple and rapid isocraéieersed-phase high
performance liquid chromatographic method (RP-HPLGY) the simultaneous
estimation of amlodipine and telmisartan in combig®sage form. Methods: The
chromatographic separation was achieved by usingilenphase acetonitrile and
0.05M sodium dihydrogen phosphate buffer (60:40ustdd to pH 6.0, a C-18
column, perfectsil target ODS3 (150 mm 4.6 mm &dm). The mobile phase was
pumped at a flow rate of 0.8 mL/min and the eluemse monitered at 254 nm.
Results: Retention times were 4.0 min and 8.2 mmamlodipine and telmisartan
respectively. The method was validated in terms&aduracy, precision, linearity,
range, specificity, limit of detection and limit oduantitation. Linearity for
amlodipine besylate and telmisartan was establighdége range of 5-30 and 10-60
g/mL, respectively. The recoveries for the two poonds were above 96%.
Conclusions: This method was found to be efficiacturate, precise, specific and
economic and is suitable for routine quality cohtoalysis.(Saurabh K et al.,

2012).
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METHOD DEVELOPMENT  AND  VALIDATION FOR  THE
SIMULTANEOUS ESTIMATION OF TELMISARTAN AND AMLODIPI  NE
BESYLATE IN TABLET DOSAGE FORM BY RP-HPLC, WORLD

JOURNAL OF PHARMACY AND PHARMACEUTICAL SCIENCES

A simple reverse phase liquid chromatographic nekthas been developed
and subsequently validated for simultaneous detetioin of Telmisartan and
Amlodipine besylate in combination. The separati@s carried out using a mobile
phase consisting of acetonitrile: water: triethy@lze (68:31.8:0.2 v/v) with pH 4
adjust by using ortho-phosphoric acid. The colureeduwas C-18 column (Inertsil
ODS-3 250*4.6 mm) with flow rate of 1 ml / min ugif?DA detection at 240 nm.
The described method was linear over a concentraéinge of 4-6Qug/ml and 10-
150 pug/ml for the assay of Amlodipine and Telmisartagpectively. The retention
times of Amlodipine and Telmisartan were found te B.3 and 2.7 mins
respectively. Results of analysis were validatatistcally and by recovery studies.
The limit of detection (LOD) and the limit of quéidation (LOQ) for Amlodipine
and Telmisartan were found to be 0.0@4pml and 0.0018g/ml, 0.014 and 0.0056
ug/ml respectively. The results of the study showrat the proposed RP-HPLC
method is simple, rapid, precise and accurate, lwisc useful for the routine
determination of Amlodipine and Telmisartan bulkigirand in its pharmaceutical

dosage form.RathuriJnana Nagarjunal, SreeVidyaParvataneni, 2014

Method development and validation for simultaneougstimation of telmisartan

and amlodipine by RP-HPLC

A novel, precise, accurate, rapid and effectivenaic RP-HPLC method

was developed, optimized and validated for thevestton of Telimsartan (TEL) and
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Amlodipine (AML) in pharmaceutical dosage formsb{&). The drugs were
estimated using Symmetry C18 (250 x 4.6 mm, 5 patyrnen. A mobile phase
composed of phosphate buffer of pH 6 and acettitrithe ratio of 40:60, v/v), at
a flow rate of 0.8 ml/min was used for the separatDetection was carried out at
243 nm. The linearity range obtained was 16-48 ufdmTEL and 2-6 pg/ml for
AML with retention times (Rt) of 3.209 min and 513%nin for TEL and AML
respectively. The correlation coefficient valuesreavound to be 0.999. Precession
studies showed % RSD values less than 2 % for tha&tldrugs in all the selected
concentrations. The percentage recoveries of TEHL AML were in the range of
98.01-101.62% and 99.30-101.40% respectively. Bsayaresults of TEL and AML
were 99.60% and 99.75% respectively. The method vedslated as per the
International Conference on Harmonization (ICH) dglines. The developed
validated method was successfully used for the ftijaéime analysis of

commercially available dosage for(Watchavai B R, 2017)
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AIM

AIM AND PLAN OF WORK

To develop and validate a new isocratic RP-HPLC hawt for the

determination of Amlodipine and Telmisartan in &ldosage form.
To validate the method with respective linearityegision and accuracy.

To develop the method suitable for the routine ysislof Amlodipine and

Telmisartanin Pharmaceutical formulation.

OBJECTIVE

The objective of validation of analytical procedis¢o demonstrate that it is

suitable for intended purpose.

PLAN OF WORK

Solubility data, Analytical data is to be studienl develop the initial

conditions.

Selection of initial separation conditions andl&rdor assay of Amlodipine

and Telmisartanin pharmaceutical dosage form.

To develop a method for the assay of Amlodipine &etimisartanin pure

and marketed sample by HPLC.

To validate the developed assay method accordidgtd method validation

parameters.
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Method development by HPLC method for Amlodipine aml Telmisartan:

Development of suitable mobile phase.

* Optimization of the chromatographicconditions

» Selection of suitable detection wavelength

* Preparation of standard calibration curve of Ampiai and Telmisartan
» Assay of pure mixed standards and formulation

» Validation of the developed method.

The parameters that will be validated are

System suitability

Linearity

Precision

Accuracy
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DRUG PROFILE

Amlodipine:

IUPAC Name . (RS)-3-ethyl 5-methyl 2-[(Zminoethox)methy-4-(2-
chlorophenyl)-6-methyl-1,4lihydropyridn«3,5-

dicarboxylate.
Molecular formula : CygH25CIN2Os
Molecular weight : 409-879 g/mol
Category . Anti-hypertension

Structure :

O\/\NHQ

Fig No 3 : chemical structure of amlodipi

Physical and chemicalproperties :

Appearance : Amlodipine is white and solic
Solubility :water soluble75.3mg/L
Melting point  : 17€-179°c
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Mechanism of action :

* Amlodipine is angioselective calcium channel blackend inhibits the
movement of calcium ions into vascular smooth nausells and cardiac muscle
cells and which inhibits the contraction of cardmaascles and vascular smooth
muscle. This causes vasodilatation and reductionpamipheral vascular
resistance, thus lowering BP and prevent excesswstruction of Coronary

arteries.

Adverse effect :

« Some common dose-dependent adverse effects of gmled include
vasodilatory effects, peripherals edema, dizzingsdpitations, and flushing.
Amlodipine may increase the risk of worsening aagor acute myocardium
infraction, especially in those with severe obdimgccoronary artery disease ,

upon dosage initiation or increag@ww.merriam — webste.com, 2006)

Medical use:

* Amlodipine treats hypertension and coronary argisgase in people with
either stable angina or vasopastic angina and wttheart failure (Wang, J

G ,2009).
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TELMISARTAN:

IUPAC Name . 2-[4-[[4-methyl-6-(1methylbenzimidazo-2-yl)-2-
prepylbenzimidazole-$methyl]Phenyllbenzoi acid

(http//www.drugbank.ca/drugs./DB009966

Molecular formula : C33H30N4O,
Molecular weight : 514-629 g/ml
Category . Anti hypertension
Structure :
_ /ﬂ\/
N —
Q\\ \ /
N N 0
| OH

Fig no.4 : chemical structure of Telmisartan

Physical and Chemical Properies

Appearance :  Telmisartar is a white to slightly yellowish so
Melting point 261-236°C
Solubility : Practically insoluble in water and in the pH rag@ to ¢

Mechanism of action

» Telmisartan is an angiotensin Il receptor blocket shows high a inffinity fo
the angiotension Il acceptor type 1, with a bigcaffinity 3000 times greate

for AT, than AT,
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* In addition to blocking the RAS, telmisartan acts a selective molecular of
peroxisome proliferators—activated receptor gamiRAR-r) a central regulator
of insulin and glucose metabolism. It is believhdtttelmisartan’sdual made of
action may provide benefits against the vasculad @nal damage caused by

diabetes and cardiovascular disease(CVD)

Adverse Effect:

» Side effects are similar to other angiatensin epétor antagonists and include
tachycardia and bradycardia (fast or slow heart)lbggertension (low blood

pressure), edema and allergic reactions

Medical use:

» Telmisartan is used to treat high blood presswrartiailure and diabetic kidney

disease(Drug.com, 2006)
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MATERIALS AND METHODS

Drug (Active Pharmaceutical Ingredients)

Sl. No. Drug Name

Supplier

1 Telmisartan

Glenmark Pharmaceuticals Ltd.,

2 Amlodipine

Glenmark pharmaceutical Ltd.,

List of Instruments

S.No

Instruments

1 LC —Zolocht, Shimadzu

2 Aegispak Gg— F

P/N = 05AF04626
S/N = 05AFdf11204

5um, 120 A, 4.6 X 250 mm

3 Semi micro balance — Shimadzu
4 Ultra Sonic cleaner Citizon

5 Vaccum filter pump

6 Denver Instrument

7 HI2215 PH/ORP meter

LC Solution software

Chemicals and Solvents used

Sl. No. Chemical and Solvents
1 Acetonitrile (HPLC grade)
2 Water (HPLC grade)
3 Methanol (HPLC grade )
4 Acetic acid (A.R grade)
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ANALYTICAL METHOD DEVELOPMENT

* Proper selection of HPLC method development depepdn the nature of

the sample, its molecular weight and solubility .

* For success method development, various chromatbigrparameters such
as pH, mobile phase , its composition and propeytitetection wavelength

and other factors were exhaustively studied
SELECTION OF CHROMATOGRAPHIC METJHQOD:

* Proper selection of method depends upon the nattive sample , molecular

weight, and solubility.

* Non polar compounds can be separate by either hquhese or reverse

phase chromatography.
SELECTION OF DILUENT:

* The nature of the drug reveals certain informatdout the drug such as
solubility, pKa. Based o the solubility of the drupe diluent is selected.
Amlodipine and Telmisartan are soluble in methasolmethanol is used as

diluent.
SELECTION OF THE DETECTION WAVELENGTH:

» Standard solution of amlodipine and telmisartanewajected separately as
all as in combination into HPLC system and themsed over entire UV

range (234-238).

« The spectrum of Amlodipine and Telmisartan was med for

determination ohmx.
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Materials and Methods

* TheAmx of Amlodipine and Telmisartan were detected3atrizn.

SELECTION OF COLUMN:

* In reverse phase chromatography non polar stagophase is used for

separation.
» (8, C18 are the commonly used columns in reverasgpbhromatography.
* Aegispak Gg—F, 5 um, 120 A, 4.6 X 250 mm, is used of theasa{on.
SELECTION OF MOBILE PHASE:

A number of trails were made to fine out the molplease for eluting the

drug. The mobile phase selected are

Acetonirile:waer:methanol (50:30:20) which containgiPLC grad

methanol+3ml acetic acid + HPLC acetonitrile + FPg@rade water.
PREPARAION OF STANDARD SOLUTION:

Accurately weigh and transfer 13.63mg of Amlodipiaed 80.33mg of
Telmisartan working standard in to separate 10nelarcldry volumetric flask
containing methanol. The solution was sonicatedafmut 10mins and then made

upto volume with methanol.
PREPARATION OF SAMPLE STOCK SOLUTION:

10 tablets were taken, powdered and weighted. Ajeeveeight was taken.
From this amount of powder equivalent to 13.63mduwiflodipine and 80.33mg of
Telmisartanws as taken into 10ml volumetric flagitaining mobile phase. The

solution was sonicated for 10mins and made uptorwelwith mobile phase.
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UV SPECTRA OF AMLODPINE AND TELMISARTAN:

Report Date: 10:33:42, 03/30/2018

Abs

0,95
0.90
0.85
080
075 -
0.7
065
0.60
.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
200 250 300 350 a0 "

Sampla 1

File name: AMLODIPINE LIDS
Run Date 17:31:09, 03282019
Operatof: Administrator
Comment AMLODIPINE

Peak Integration
Method: Rectangular
Sensitivity i
Threshold 0.0100

Peaks

Poak # Apax (nm) Haight {Abs) Area (Abs"nm)
1 366.0 013 B.OTT

2 238.0 0.350 11.058

Amlodipine UV Spectra
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Repon Date: 10:33:20, 03302019

Abs

0.65
0:80—
0.85
0.80—=
0,75 -
0.70-=
065 -
0.60—
0.55
0.50
0.45
040
0.35
0.30—=
0.25
0.20
015 -
0.10
0.05
Dm : & . &
200 250

Sample: 1

File name:; TELMISARTAN.UDS
Run Date: 17:33:12, 03282018
Operator: Administrator
Commant: TELMISARTAN

Peak Integration
Mathaod: Rectangular
Sensitivity |
Thrashold: 0.0100

Peaks
Peak # Apax (nm)
1 254.0

Height (Abs)
0.557

00

Area (Abs®nm)
24 47T

nm

Telmisartan UV Spectra
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Materials and Method

TRAILS METHODS:

The following trails were conducte

TRAIL-1

Mobile phase
Column

Detection wavelength
Flow rate

Injection volume

Column temperature

Methanol :formate buffer (70:30)

Aegispak Gg—F ,5um, 120 A, 4.6 X 250 i
234nm

2.0 min/ml

20ul/min

room temperature

Run time 30min
Observation peak shape is not good
DAHPLC\DATA\Telmisartan + Amiodipine\Spl (Trial).lcd
my
K] Det A Ch
[
[
500+ |
|
I
|
|
250 [ |
I 1
|
g |
E (=] 1
N E
e i
—t
—————— - - T
0.0 25 5.0 75 10.0
min
1 DetA Ch1/234nm
Peak Table
Detector A Chl 234nm
Name RKet, Time Aret Area Theoretical Plates’'mete | Tailing Facto
3.658 245739 1.639 1 7964 0.00
Amlodipine 4.030 929474 6.198 7791 .00
Telmisartan 7.266 13821279 92.163 17174 1.43
14996493/ 100000
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Materials and Method

TRAIL - [l

Mobile phase . Methanol : acetate buffer (85:15)

Column . Aegispak Gg—F,5um, 120 A, 4.6 X 250 ir
Detection wavelength : 234nm

Flow rate : 1.5min/mi

Injection volume . 20pl/min

Column temperature : room temperature

Run time : 30 min

Observation . peak shape is not good

Iﬂ' %0
' L

40 - 40

Wodts
Yok

20

o 1 2 3 4 5
Mruidey
Name Retentio Area  Area%  Theoretical Resolution Asymmetry
n Time plates (USP) (USP)
0.355 78671 294 84 0.00 0.00
0.438 25312 0.95 583 0.73 0.00
1.522 1380796 51.62 184 4.16 0.00
2.132 1190146 44.49 502 1.47 0.00

Totals

2674925 10:0.00
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Materials and Method

TRAIL - Il

Mobile phase :  Methanol :Acetonitrile : Water (50:30:2

Column . Aegispak Gg—F,5um, 120 A, 4.6 X 250 nr
Detection wavelength @ 234nm

Flow rate : 1.5min/ml

Injection volume : 20ul/min

Column temperare : room temperature

Run time : 30 min

Observation :  Amlodipine and Telmisartan peaks was observe

a0 \ 40

g i
- 20 L 20 =
v} ——— a
o0 D-i 1.0 1% ZIIJ 25 J:U 35 ‘lﬂ
Weniny
Name Retentio Area  Area%  Theoretical Resolution Asymmetry
n Time plates (USP) {USP)
0.338 7568 1.48 263 0.00 0.00
0.428 3847 0.75 0 0.00 0.00
0.630 2992 0.39 113 0.00 0.00
0.815 496652 97.18 173 0.76 1.56
Totals

511059 100.00
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Materials and Methods

OPTIMIZED METHQOD:

PREPARATION OF BUFFER AND MOBILE PHASE :

Prepare 300ml water +500ml acetonitrile +200ml raeth +3ml acetic acid

, pH 5.5 are mixed and filtered.

HPLC CHROMATOGRAPHIC CONDITIONS FOR OPTIMIZATION:

Instrument :  LC —Zolocht, Shidzu

Column . Aegispak C1B+5um, 120 A, 4.6 X 250 mm
Detection wavelength : 234nm

Flow rate : 1.5min/ml

Injection volume :10pl/min

Column temperature :  room temperature

Run time : 5min

Mobile phase . Methanol :Acetaietr Water (50:30:20)
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Materials and Methods

VALIDATION
SYSTEM SUITABILITY:

* Mixed working standard solutions were injected a@htomatograms were

recorded.
» The system suitability studies were carried owt@ecified in USP.

 These parameters include column efficiency, Remwlutcapacity factor |,

theoretical plates and tailing factor.
Acceptance Criteria:

« The % RSD for the retention time of principle pefmkm 5 replicate

injections of each standard solution should benmarte than 2.0%
* The number of theoretical plates (N)for the dreglpis not less than 2500.

» The tailing factor (T)for the drug peak is not mtnan 2.0.

Summary(Compound)
System Suitabilit-01.led .

uV

5949

200000

100000

“ 3730

1 Det.A Chl
' ! ' oy | I A R ‘ | : '

[ 1 2 3 4 5 6 7 8

min

System Suitabilit-02.lcd
v
u ; '\‘ g

|
200000 | [
[ [ |
[

(
100000 | | \
i |
| \

7379

ol

'1 Det.A Chl

|

Co | | [ . | |

o 1 2 3 4 5 6 7 8
min
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System Suitabilit-03.1cd

uV

$
200000
100000
8
. -
o ~ N/ |
\
A\
‘ l 1 ’ L . \ 'I Det. AChl
0 1 2 3 4 5 6 7
min
System Suitabilit-04.lcd
uV &
v
200000
100000
oG
a
C J
° AN
.\
| : i : '1 Det.AChl
I 1 I L 4
0 1 2 3 4 5 6 7
min
System Suitabilit-05.led —
uv H
Uz
200000
100000
=
5
§ .
l\
1
X '1 Det.AChl
[} 1 | [} ] " ' |
0 1 2 3 4 5 6 7 8
min
<< Detector A>>
ID#1 Compound Name: Amlodipi
Title Sample Name | Ret. Time Arca Arca % cal Plai Factor]
System Suitabilit-01.lcd Amlodipine + Td 730 55713 6.063| 6551.440 386
System Suitabilit-02.lcd Amlodipine + Td 729 54819 .066] _ 6563.787 380
System Suitabilit-03.lcd Amlodipine + Td 729 55642 065 6575.730 385 |
System Suitabilit-04.lcd Amlodipine + T 728 55542 .065 563.934 387
System Suitabilit-05.lcd ‘Amlodipine + T 727 55722 068 6560.237 388
Average 7129 155488 6.065|  6563.026 385
%RSD ).032 0.24° 0.030 0.133 .223
Maximum .730 15572 6.068] _ 6575.730 388
T Tide ---T San;ﬁlc—.i'—u-r;xg“_‘Rcl. Time Arl_:_a— T Area®o  Jjeoretical PlatTailing Factor
Minimum ‘ 3.727] 154819 6.063  6551.440 1.380
Standard Deviation 0.001 | 381 0.002 8.730 0.003
ID#2 Compound Name: Telmisartan
Title | Sample Name Ret. Time | Arca Area °o  1coretical PlatTailing Facton
System Suitabilit-01.lcd Amlodipine + T 5.949] 2412628 03.937  9173.13 1.161
System Suitabilit-02.led Amlodipine + T 5.949] 2397627 93.934 9184836 1.158
System Suitabilit-03.1cd | Amlodipine + Td 5.949 2410622 93.935]  9183.196 1.161]
System Suitabilit-04.led [ Amlodipine + T¢ 5.949 2409065 | 93935 9170.214]  1.162
 System Suitabilit-05.led Amlodipine + Td 5.949| 2410615 93.932] 9192653 1.162 .
Average ; 5.949 2408111 93935 9180.807 1.161
°eRSD | 0.005 ] 0.249] 0.002 0.099 0.146
Maximum ) ) ) - 5.949] 2412628 93.937  9192.653 1.162
Minimum 5.949 2397627 | 93.932]  9170.214] 1.158
Standard Deviation 0.000 | 5996 | 0.002 9.129| 0.002]
. . ,
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Materials and Method

LINEARITY:
PREPRATION OF STANDARD STOCK SOLUTON :
Accurately weigh and transfer 13.63mg of Amlodipiaed 80.33mg ¢

working stande in to separate 10ml clear dry volumetric fla

Telmisartan
containing methanol . the solution was sonicatedabout 10mins and then me

upto volume with methan:

PREPARATION OF INTERMEDIATE DILUTION:

2ml of Amlodipine solution was taken from the pregieon standard stock
solution in a 10ml volumetric flask and made updtume with mobile phast
1.30ml ofTelmisartan solution was taken from theparation standard sto

solution in a 10ml volumetric flask and made upaotume with mobile pha..

Summary({ Compound)
Lincarity 100% lod - o

uV
200000

100000
]

0
y 1 Det. AChl
(] 1 2 4 5 ] T 8
min
o _ Lincarity 110%aled o o
G MO0000 DS - ft
-
200000
1 OO0
=
0 - —— = - —— 1
100000 | s i 1 Det. A Chl
2 3 4 5 6 T P
min

0
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Lincarity 120%lcd
uVv 3 =
300000 &
200000
100000
3
o
0 AN
.\
«‘.
00000 | Y . l C ... | 1Detach
0 1 2 3 4 7 8
min
Linearity 130%.lcd
uVv z
-
300000 -
200000
100000
R
Ll
0 AN
‘\
|
-1m|||||||A||uw||| ||A~'||n|x||..‘.,,\lw'AChl
0 1 2 3 4 ‘If 8
min
Linearity 80%.lcd
uv z
200000 a
100000
8
0 AN
‘I
\
L L L I e |||||||||1111‘.lMAChl
0 1 2 3 4 6 7 8
min
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_ Lincarity 90%.led

uV -
1%
200000 .\
100000
E /
-
" = I
1
.l
I | | 1 | 1 Det ACKI
1 1
0 1 2 3 4 5 6 7 3
min
<< Detector A>>
[Dif1 Compound Name: Amlodipi
litle Sample Name Ret. Time Area Area % _jeoretical Plat{Tailing qu
Linearity 100%.lcd Amlodipine + T¢ 3.726 155781 6.065 6548.017 1.395
Linearity 110%.led Amlodipine + T¢ 3.726 171535 6.071 6511.538 1.391
Linearity 120%.lcd Amlodipine + T¢ 728 187411 6.072 6462.605 1.385
| Linearity 130%.lcd Amlodipine + T¢ 3.729 203013 6.078 6417.943 382
Linearity 80%.led Amlodipine + T¢ .726 124688 6.051 6632.939 397
| Linearity 90%.led Amlodipine + T¢ 3.727 140110 6.110 6597.435 394
Average .727 163756 6.074 6528.413 .391
%RSD ).036 17.929 0.32 .242 .429
Maximum .729 203013 6.11 6632.939 397
Minimum .726 124688 6.05 6417.943 382
Standard Deviation 0.001 29361 0.020 81.109 0.006
[D#2 Compound Name: Tel;
Title Sample Name Ret. Time Area Area % ical Plat{Tailing Factor|
| Linearity 100%.1lcd Amlodipine + T¢ .949 2412949 93.935 9164.580 1.163
Linearity 110%.led Amlodipine + T¢ .949 265387 93.929 9048.686 .163
Linearity 120%.lcd Amlodipine + T¢ .950 289912 23.928 8900.677 6.
| Linearity 130%.led Amlodipine + T¢ .95 313722 93.922 8734.677 6.
Linearity 80%.led Amlodipine + T¢ .95 93589 93.949 9402.6° 6.
Linearity 90%.led Amlodipine + T¢ 95 21528094 93.890 9341.891 5
[ Average 93 253199 93.926| _ 9098.866 162
2%RSD .012 17.91 .021 2.824 0.220
Maximum .95 313722: 93.949 9402.678 .163
Minimum 949 193589 93.890 8734.677 .157
Standard Deviation = .001 45368: .020 256.949 0.003
ACCURACY:

The closeness of agreement between the true vdlighws accepted either

conventional new value or an accepted referenaesvaahd the value found.
PREPRATION OF STANDARD STOCK SOLUTON :

Accurately weigh and transfer 13.63mg of Amlodipiaed 80.33mg of
Telmisartan working standard in to separate 10hearcdry volumetric flask
containing methanol . the solution was sonicatedabout 10mins and then made

upto volume with methanol.
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Materials and Method

PREPARATION OF INTERMEDIATE DILUTION:

2ml of Amlodipine scution was taken from the preparation standard <
solution in a 10ml volumetric flask and made upvtdume with mobile phase
1.30ml of Telmisartan solution was taken from theparation standard sto

solution in a 10ml volumetric flask and made o volume with mobile phas

PROCEDURE:

Inject the standard solution , accuracy 110% , gu 120%, accurac
130% solution . calculate the amount of amlodipamel telmisartan added a

calculate the individual recovery and mean recovaityes
ACCEPTAENCE CRITERIA:

The recovery for each level should be between @81D2.(

Summaryy Compoand )
- Accuracy (100°:)-01.led
ul’ F

1 Det.A Chl

1 2 3 4 5 & T 8
min

Accaracy 100202 led

5950

200000

100000

1 Det. A Chl

0 1 2 3 4 § 6 7 8
min
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Accuracy (110%)-03.lcd

V300000

z
/‘12
200000
100000 \
8
-
0 - /\ JAN
\ i\
l\/ .
\
2100000 | oo , ; ) ‘ 2 P g 1 Det. AChl
0 1 2 3 4 5 6 7 8
min
<< Detector A >>
ID#1 Compound Name: Amlodipine
Title Sample Name Ret. Time Arca Area % _ heoretical Plat{Tailing Fact
A v (110%)-01.Icd Amlodipine + Td 3.724 170891 6.084| 6483.768 1.402
Accuracy (110%)-02.1ed Amlodipine + Tq 723 71496 6.082 6462.274 .402
Accuracy (110%)-03.1cd Amlodipine + Tq 724 71367 6.084 6478.735 .404
Average 724 71251 6.083 6474.926 .403
2RSD .014 0.186 0.018 0.174 0.093
Maximum 724 171496 6.084 6483.768 1.404
Minimum 723 170891 6.082 6462.274 1.402
Standard Deviation .00 318 0.001 11.242 0.001
ID#2 Compound Name: Telmisartan
Title ample Name Ret. Time Area Area % | Plat{Tailing Factor|
Accuracy (110%)-01.lcd i 5.949 2638039 93.916 9035.275 1.166
Accuracy (110%)-02.1cd 5.949 264821 93.918]  8995.148 1168
Accuracy (110%6)-03.lcd 5.950 2645504 93.916 9009.598 .168
Average 5.949 264394 93.917 9013.340 .168
%RSD 0.011 0.200 0.00 0.225 .094
Maximum 5.95 264828 93.918 9035.275 .168
Minimum 5.949 2638039 93.916 8995.148 .166
Standard Deviation 0.00 5297 0.00 20.323 0.001
Summary(Compound)
Accuracy (110%)-01.led
ui300000 =
o
vy
200000
100000
o
0 i
\
\
\
00000 |+ ¢ v g T
0 1 2 3 4 5 6 7 8
min
Accuracy (110%)-02.1cd
u\300000 )
3
i
200000
100000
P
i L.
\
\
'l Det.A Chl
A100000 | v 0 0 T T S R R R S T A R
0 1 2 3 4 5 6 7 8
min
. L s
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A v (110%)-03.Icd

wWB00000 )
&
Il
200000
100000 |
-
~
. & j
o - M\ N\
\ |
|
V !
-100000 | o | - - 1 Det:AChL
0 1 2 3 4 5 6 7 8
min
<< Detector A >>
ID#1 Compound Name: Amlodipine
Title Sample Name | Ret. Time Area Area % __heoretical PlatiTailing Fac
Accuracy (110%)-01.led Amlodipine + Tq .724 7089 6.084 6483.768 1.402
Accuracy (110%)-02.1cd Amlodipine + Te 723 71496 6.082 6462.274 1.402
Accuracy (110%)-03.lcd Amlodipine + Tg J24 7136 6.084 6478.735 1.404
Average 3.724 7125 6.083 6474.926 1.403
2%RSD .014 0.186 0.018 0.174 .093
Maximum 724 17149¢ 6.084 6483.768 .404
Minimum 723 17089 6.08 6462.274 .402
Standard Deviation .001 31 .00 11.242 0.001 |
[D#2 Comg d Name: Telmi
. twle | SampleNamc | Ret.Time |  Arca | Arca% _hcorctical Plat(Tailing Factor
A 'y (110%)-01.led Amlodipine + Te 5.949 2638039 93.916 9035.275
Accuracy (110%)-02.lcd Amlodipine + T¢ 5.949 2648281 93.918 8995.148 1.168|
Accuracy (110%6)-03.lcd Amlodipine + Tg 5.95 2645504 93.916 9009.598 .168
Average 5.949 264394 93.917 9013.340 .168
%RSD .01 0.200 0.00 0.225 .094
Maximum 5.950 264828 93.918 9035.275 .168
Minimum 949 2638039 93.916 8995.148 .166
Standard Deviation .001 5297 0.00 20.323 0.001
Summary(Compound)
Accuracy (120%)-01.lcd
uV )
300000 S
-
200000
100000
o
0 SN
\
‘\
=T00000 | 5 5w s jow v v § B R MR G B B P BB G 8 A mm e gy a§ g | VDeACK
V] 1 2 3 4 5 6 7
min
A y (120%)-02.1cd
uV o
300000 5-
200000
100000
8
o A
\
".
AU | ¢ i 5 5§ F G B LR b Bk b s 0 sk EE s &g TOeEAEN
0 1 2 3 4 5 6 7 8
min
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Accuracy (120%)-03.lcd

uV
300000 ;&ﬂ
200000
100000
8
~”
0 as
-\
‘\
-100000 . . | ‘ '1 Det. AChl
1 1 1
0 1 2 3 4 5 6 7 8
min
<< Detector A >>
ID#1 Compound Name: Amlodipine
Title le Name Ret. Time Arca Area % _hcorctical Plat{Tailing Factor|
Accuracy (120%)-01.lcd Amlodipine + T 723 7101 6.087 6425.630 .398
Accuracy (120%)-02.lcd Amlodipine + Tt 723 7162 6.087 6428.917 .399
Accuracy (120%)-03.lcd Amlodipine + T 723 7328 6.089 6425.228 .400
Average 723 7197 6.088 6426.592 .399
%RSD .002 0.063 0.017 .031 0.066
Maximum 723 187328 6.089 6428.917 .400
Minimum 3.723 187101 6.087 6425.228 398
Standard Deviation 0.000 17 0.001 2.024 0.001
ID#2 Compound Name: Telmisartan
Title Sample Name | Ret. Time Arca Arca % -orctical Plat{Tailing Factor|
Accuracy (120%)-01.lcd Amlodipine + Te 949 2886856 93.9 8876.539 .168
120%)-02.lcd Amlodipine + Tk .949 2887472 93.9 8877.81 .168
Accuracy (120%)-03.led Amlodipine + T 349 2889354 93.9 8878.955 .169
Average .949 2887894 93.9 8877.768 .168
%RSD 0.004 0.045 0.0¢ 0.014 0.066
Maximum 5.949 2889354 93.9 8878.95 .169
Minimum 5.949 2886856 93.9 8876.539 .168
Standard Deviation 0.000 130 0.0¢ 1.208 0.001
Summary(Compound)
Accuracy (130%)-01.led
uV R
&
300000 s
200000
100000
B
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\
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0 1 2 3 4 5 6 7 8
min
Accuracy (130%)-02.1cd
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Accuracy (130%6)-03.bed

Materials and Method

uV =
=
300000 | 1
[
| 1
[
| |
100000 |
& |
&
.”‘ \
0 —~_ [
| i N
-100900! _ ) 1 Det. A Chl
1 1)
0 1 3 4 5 6 7 ]
min
<< Detector A >
D41 Compound Name: Ambodipi
Title Sample Name Ret. Time | Area Area %o )eoretical PlatiTailing Facton
Accuracy (130%6101.lcd Amlodipine + T¢ 3.724 202741 6.087]  6378.915 1397
Accuracy (130%)-02 led Amlodipine + T4 3723 202669 | 6.082]  6367.179 1395
Accuracy (130%)03 1cd Amlodipine + Td 3.724 DOZEL6 | 6.086 6383, 820 1.399|
/ 3.724 202742 6.085]  6376.638] 1.397
SRSD 0.01% 0.036 0.041 0.134] 0.140]
Maximum 3.724 02816 | 6.087| 6383.820 399]
Minimum 3.723] 202669 | 6.082]  6367.179] 395
Standard Deviation 0.001] 73] 0.003 8.551 0.002]
ID¥2 Compound Mame: Telmi
S | TR | SampleMName | RetTime | Area | Arca % heorctical PlatiTailing Factor
| Accuracy (130%)-01 ked Amlodipine - T 5950 128227 | 93.913|  8§726.960 170
Accuracy (130°6)-02 led Amlodipine + 14 5. 950 120643 | 93918]  8721.092] 169
Accuracy (130903 Jod Amlodipine = Td 5.951] 129701 93.914] _ 8709.989] 70
Average 5,050, 3129190 93915  8719.347 170
*aRSD oL 0.027 0.003 0.099 0.023
Marimum 5.951 3129701 93.918]  8726.960 L170
Minimum 5.950] 3128227 93.913]  §709.989 L169
Standard Deviation 0.001] 835 0.003 | 8.619 0.000
M 1
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Materials and Methods

PRECISION:
PREPRATION OF STANDARD STOCK SOLUTION :

Accurately weigh and transfer 13.63mg of Amlodipiard 80.33mg of
Telmisartan working standard in to separate 10he&rcdry volumetric flask
containing methanol . the solution was sonicatedabout 10mins and then made

upto volume with methanol.
PREPARATION OF INTERMEDIATE DILUTION:

2ml of Amlodipine solution was taken from the pregieon standard stock

solution in a 10ml volumetric flask and made updtume with mobile phase.

1.30ml of Telmisartan solution was taken from theparation standard

stock solution in a 10ml volumetric flask and magbeto volume with mobile phase.
PROCEDURE:

The standard solution was injected six times andswme the area for all six

injection in HPLC.

The % RSD for the area of six replicates injectiaras found to be within

the specified limits.

2 (i i)’

n—1

SD =
Standard deviatic

Where , x= sample
x'=mean value of sample

N= number of sample
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Coefficient of variance / Relative deviation :

Mean

Standard deviation
CV (%) = x 100

Acceptance criteria:

The % RSD for the area of six standard injectigults should not be more

than 2%.
Summary(Compound)
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. Preision06.lcd
uV o 2 -
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[
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0 1 2 3 4 5 6 7 8
min
<< Detector A>>
[D#1 Compound Name: Amlodipine
Title Sample Name |  Ret. Time Area Area% jeoretical Plat{Tailing Factor
Precision-01.led Amlodipine + T¢ 3.725 155262 6.077| 6587.733 1.381
Precision-02.led Amlodipine + T¢ 3.723 154993 6.077|  6544.438 1.400
Precision-03.1cd Amlodipine + T 3.723 155435 6.079|  6526.361 1.402
Precision-04.1cd Amlodipine + T 3.722 155364 6.080|  6504.441 1.397
Precision-05.led Amlodipine + T¢ 3.724 155521 6.077|  6551.102 1.402
Precision-06.1cd Amlodipine + T¢ 3.723 155567 6078 6540.228 1.405
Average 3.724 155357 6078 6542.384 1.398
%RSD 0.034 0.135 0.018 0.423 0.605
Maximum 3.725 155567 6.080| 6587.733 1.405
Minimum 3722 154993 6,077  6504.441 1.381
Standard Deviation 0.001 209 0.001 21.705 0.008
ID#2 Compound Name: Telmisartan
Title Sample Name |  Ret. Time Area Area% _jeoretical PlatTailing Facton
Precision-01.led Amlodipine + T¢ 5.951 2399609 93.923|  9231.662 1.154
Precision-02.lcd Amlodipine + T 5.949 2395482 93.923| 9182.628 1.164
Precision-03.lcd Amlodipine + T4 5.949 2401435 93.921| 9156.899 1.166
Preoision-04.1cd Amlodipine + T¢ 5.948 2400154 03.920| 9160.832 1.166
Precision-05.lcd Amlodipine + T¢ 5.951 2403591 93.923| 9171.559 1.164
Preoision-06.lcd Amlodipine + T¢ 5.950 2403823 93.922]  9169.093 1.166
Average 5.950 2400682 93.922| 9178779 1.163
%RSD 0.019 0.128 0.001 0.299 0.412
Maximum 5.951 2403823 93.923| 9231.662 1.166
Minimum 5.948 2395482 93.920] 9156.899 1.154
Standard Deviation 0.001 3078 0.001 27416 0.005
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ASSAY:

Assay of different formulation available in markeias carried out by
injection sample corresponding to equivalent weightto HPLC system and
percentage pure was found out by following form&acovery studies were carried

out.

Calculate the purity of Amlodipine and Telmisartpresent in the tablet

using the formula.

AT WS DT P Avg. Wt
Assay % = ----------- Krmmmmmmmme Kemmmmmmmeee X-mmmmmmeee Xommmmmmeee X 100
AS DS WT 100 LC

Where,

AT = Average are 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
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Summany(Compound)
 Assayled
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= Dietector A ==
[D#1 Compound Mame: Amlodipine )
Title | Sample Name Ret Time | Area [ Arca® heoretical P'l_nFljling Factor]
Assay lod | Amlodipine + T4 3,721 155743 6.080 6491896 1.407
Blank led Amlodipine + T4 0.000 0] 0.000 0.000 0.000
B 3.721 155743 | 6.080] 6491896 1.407
2aRSD 0.000 0.000 0.000 0.000 0.000
Maximum 3.721 155743 6,080 6491.896 1.307
Minimum 3.721 155743 6,080  6491.896 1.407
Standard Deviation 0.000 0 0.000 0.000 o.oo?i
1D 2 Compound Mame: Telmisarian
B Title | Sample Name Ret. Time Area [ Area®s_ eoretical PlatiTmling F)
Assay.lod " Amlodipine + T 5.951 2405848 §3.920]  9136.402 1.170
Blank led Amlodipine + T 0.000 [1] 0.000 0.000 0.000 |
| Average 5.951 2405848 93.920]  9136.402 1.170]
FRSD - ] 0000 ~_0000] 0000 00000  0.000
Maximum 5.951 2405848 93920 9136402 1.170
imi 5.951] 2405848 093.920]  9136.402 1170
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Results and Discussion

RESULTS AND DISCUSSION

Estimation of Amlodipine and Telmisartan by HPLC mehod:

An exertion has been made, rapid, accurate, armsprstability indicating
analytical method based on HPLC using PDA detectieas developed and
validated for assay determination of amlodipine tlchisartan in pure form and in
tablet dosage form. The development trials werenaksing different mobile phase
with different composition. The column has beeleded based on back pressure,
peak shape, theoretical plates and retention tiftez avaluated all these factors,
Aegispak Gg — F(5 um, 120 A, 4.6 X 250 mm) column was foundo& giving
satisfactory result. Best results were obtained waitetonitrile : water : methanol
(50:30:20). The selection of mobile phase acétbniwater : methanol (50:30:20)

was chosen to reduce longer retention time anttaomagood peak shape.

Hence, the separation was carried out Aegispak-CA®G um, 120 A, 4.6 X
250 mm) column using mobile phase consisting adeilen: water : methanol
(50:30:20). The flow rate 1.0ml/min and the injeativolume was 10uL. the
detection was carried out at 234 nm. The peak tietertime of amlodipine and
telmisartan were found to be 3.731 min and 5.94d maspectively. So this method

was finalized as optimized method for the estinmaibamlodipine and telmisartan .

The system suitability parameters like number @tietical plates, tailing
factor were calculated and all the parameters atl@nmhe limits. five injections
were injected for the system suitability by usingl@dipine and telmisartan,

conducted concentration range 0.5-2.5 pug/mL. fndependent determination were
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performed as each concentration, and standaréti@viwere 0.003 and 0.002 for

amlodipine and temisartan respectively.

Commercial formulation containing amlodipine andimisartan was
analysed by proposed method. Six replicate anabfdisrmulation were carried out
and the mean percentage of amlodipine and telniisav@re 99.66 and 99.19
respectively. Precision of the method was confirgdrepeatability studies. The
system precision study was performed by analysishef standard solution was
repeated six times. The %RSD was found to be Ga22i30.146 for amlodipine and
telmisartan respectively. The low percentage RSev&%?2) indicating that the

method has good precision.

The accuracy of the method was confirmed by regostrdies. Amlodipine
and telmisartanwere added to pre analysed fornonlat the different levels viz..,
100%, 110%, 120% and 130%. Three replicated arsalysre carried out for each
level. The low %RSD value indicated that thereasimterference due to excipients

used in formulation. So the accuracy of the methiad confirmed.

From the literature it was found that the HPLC moetlfior the estimation of
amlodipine and telmisartan but no stability indicgtmethod was reported. So an

attempt was made to develop a stability indicainglytical method.

The retention times in all HPLC method were moreewlcompared to the

developed methods can be applied for the estimafiamlodipine and telmisartan.
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SUMMARY AND CONCLUSION

The developed chromatographic method or the simedtas determination
of amlodipine and telmisartan in dosage form ispdanreliable, sensitive and less
time consuming. This method advantage is dose equire complicated mobile
phase and it is simple method. This can be usetbutine and quality control

analysis of amlodipine and telmisartan in bulk phdrmaceutical dosage form.

The present work shows a validated, sensitive satected method for the
determination of amlodipine and telmisartan in pi&ceutical dosage form.
Accuracy and precision are major parameters of robraf the all validation

procedures are within the acceptable limits.

This developed method has a valuable data for &éidation of amlodipine

and telmisartan combination method in bulk and pleeeutical dosage form.
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