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CHAPTER 1 INTRODUCTION

1. INTRODUCTION

The quality is important in every product or seevibut it is more vital in
medicine as it involves life. As a matter of fagtiality is built in from the time of
inception of the thought to make a product, totthe it is finally made and sent out.
The assurance of the quality together with theireftd control are our moral
obligations arising from the humanism towards teekshuman beings. Analytical
chemistry is mainly concerned with determining tipgalitative and quantitative
composition of material under study. Analytical ntoring of pharmaceutical
products, or of specific ingredients within the qgwot, is necessary to ensure its safety
and efficacy throughout all phases of its shed, lihcluding storage, distribution, and

use?

Analytical chemistry, or the art of recognizingfféient substances and
determining their constituents, occupies a promipasition among the applications
of sciencé The development in analytical sciences has Imeere significant and
prominent in recent years than the past and hasdbred our vistas to develop new
methods of analysis. Pharmaceutical Analysis iskitsch of Pharmacy, which is
responsible for developing sensitive, reliable andre accurate methods for the
estimation of drugs in pharmaceutical dosage faantsin biological systefrt. Drug
analysis involves identification, characterizateond determination of drugs in dosage
forms and biological fluids and which play an imaott role in the different steps of

development, manufacture and therapeutic use gf.dru

Analytical chemistry is basically concerned in thetermining the qualitative
and quantitative composition of materials undedgti he qualitative analysis gives
us the information about the presence or absenceanbus components while
quantitative analysis deals with the amount of eots presents in the sample.
Modern Pharmaceutical analysis encompasses muaoh timamn the analysis of active
pharmaceutical ingredients (API), inert ingredief@scipients), or formulated drug
product (DPY.

ULTRA COLLEGE OF PHARMACY, MADURAI 1



CHAPTER 1 INTRODUCTION

1.1  Multicomponent drug formulations

Nowadays, the pharmaceutical dosage forms of auettibhal drugs are very
much useful in multiple therapies rather than tise of single drug formulations
because of

e Multiple actions

e Synergistic effect/additive effect

e Economy in productions, distribution and use

e Fewer side effects

e Quicker relief

¢ Smaller doses of individual drugs avoided

e Easy for storage and carrying

e Convenient for the patients to take single multipoment tablet instead of

two or three different tablets for multitherapies.

Thus, the manufacturing trends have been chargethhufacture more and
more complex formulation containing several drugghwery similar chemical
behavior. It is a quite easy way for medical p@ur to write the prescriptions as
well as to give instructions to the patients amdusianeously it is very convenient for
the patient to take the medicine without missingjrtllloses. To device an accurate
estimation procedure for each ingredient of suchtiommponent dosage form
containing several therapeutically active drugsasan easy task, as they are present
in widely divergent concentrations and containsitades. The presence of additives,
excipients and decomposition products further cacapds the development of

analytical procedur@s

1.2  Modern Analytical Methods

Development of the modern analytical methods fug tletermination of
multocomponent drugs in different dosage forms esyvessential because of the
various reasons liRe

- New drug combinations are not official in Phacmgoeias.

- Problems with the interferences of other drugvalt as excipients.

- No simple, accurate and precise analytical nutlare available for
guantifications.

- Limited availability of literature for combinatn of drugs

ULTRA COLLEGE OF PHARMACY, MADURAI 2



CHAPTER 1 INTRODUCTION

- Available methods are quite tedious, costly &am& consuming
methods for drug separations and their extrastion

Modern analytical methods are generally classiiied instrumental and non-
instrumental category. By using instrument, measerg of some physical property
is made to determine the contents or compositica @ibstancdt involves chemical
colour reactions, solubility, and physical constdikte refractive index, melting point,
optical rotation, and instrumental techniques like NMR, UV, AAS, AES, and
Mass spectroscopy. While in non-instrumental methodhe conventional
physicochemical properties are used to analyzes#mple. The non-instrumental
methods which are primarily based upon the measmemf the mass and volume

includes the techniques of volumetric and graviioetnalysis.

The instrumental methods are based upon the nmeasuat of some physical
property of substance to determine its chemicalpmsition and structures. Physical
properties of substance may be specific or nonispéct by converting their signals
into units which are used for determination of stuwe and the concentrations.

Instrumental methods are mostly employed for thiemation of the drug in
their formulations includes Spectroscopic methkd WV-visible, Fluorimetry, Flame
photometry, NMR, IR which are used to measure tleet®magnetic radiations
which is either absorbed or emitted by the samgla function of drug concentrations

utilized for qualitative and quantitative analysis.

Electro analytical methods include Potentiome&gperometry, Voltametry
and Conductometry where measurement of currenag®lor resistance as a property
of concentration of drugs. Chromatographic methade widely used for the
separation of the individual component from the tom& as well as estimation of
drugs in their formulations. Chromatographic methaaclude gas chromatography
(GC), high performance liquid chromatography (HPL&)d high performance thin
layer chromatography (HPTLC) where components epasited by differential rate
of migration due to adsorption and patrtition inyatem consisting of two phases, one

is moving phase and other is stationary phase
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Advantages of I nstrumental methods
- A small quantity of sample is required
- Estimation of drug is fast
- Complex mixture can be analyzed
- Separation, qualification and quantifications aneutaneously possible in

chromatography

1.2.1 Modern Analytical Spectroscopy

A spectrometric technique from the largest andtnmportant single group of
techniques used in analytical chemistry provideside range of quantitative and
gualitative information.

All spectrometric techniques depend on the enmsssoattered or absorption
of electromagnetic radiation. This absorption, emis or scattered light radiation is
associated with changes in the energy states ohtaeacting chemical species and
since each species has characteristic energy skdtie® an atomic or molecular
systen.

The set of energy levels associated with a pdaticeubstance is a unique
characteristic of that substance and determines fileguencies at which
electromagnetic radiation can be absorbed or emnitte

Qualitative information regarding the compositanmd structure of a sample is
obtained through a study of the positions and ixeantensities of spectral lines or
bands.

Quantitative analysis is possible because of trexidproportionality between
the intensity of a particular line or band and thenber of atoms or molecules
undergoing the transition. The various spectromdgchniques commonly used for
analytical purposes and their principle and appbos of important methods are
given inTableNo. 1.0
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TableNo 1.0: Principal and Applications of important Analytical spectrometric
technique
Name of technique Principle Major applications

Qualitative and Quantitative
Flame photometry, plasma _ o o
o Atomic emission | determination of metals, largely as
emission spectrometry, _ _
minor or trace constituents

X-ray Fluroscence Atomic Quantitative determination of
spectrometry, atomic fluorescence metals at minor or trace
fluorescence spectrometry | emission constituents

Atomic absorption Atomic Quantitative determination of metals
spectrometry absorption as minor or trace constituents

o Quantitative determination of
UV-Visible spectrometry, )
elements and compounds, mainly

Infrared spectrometry Molecular _ _
_ as trace and minor constituents
absorption o
Identification and structural
analysis of organic compounds
Nuclear Identification and structural analysis
NMR spectrometry ] )
absorption of organic compounds
Structural Identification and structural analysis
Mass spectrometry fragmentation or | of organic

ionization of atomscompounds

Spectrophotometric M ethods For Estimation Of Drugs®*®

UV-Visible Spectrophotometry is the absorption cpescopy in which the
organic molecules are analysed by their absorptlaaracteristics of UV or visible
radiation resulting in the electronic transitiororfr singlet ground state to singlet
excited state accompanied with vibrational andtiamtal transitions. This transition
occurs when the energy of absorption is equaleédifierence in the energy between
the two states. Most commonly employed spectrophetoc technique includes
ultraviolet, visible, infrared and atomic absorptiepectrophotometry. There are
various methods employed for the single and mutijgonent analysis. The basis of
single component analysis-

1) Single point or double point standardization methiodolves the

measurement of absorbance of standard and sammesompared at

Amax of compound in particular solvents.
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2) A standard calibration curve is plotted using sedgéstandard solutions as
concentrations against absorbance and the contientd the sample is
determined from the graph.

3) Establishing absorptivity values E (1%, 1lcm) foarstard at selected

wavelengthXmax) in particular solvents.

The basis of multicomponent samples analysis & gloperty that at all
wavelengths is the absorbance of solution is time gluabsorbances of the individual
components or the measured absorbance is the efiffer between the total
absorbance of the solution in sample cell and thahe solution in the reference
(blank) cell.

Multicomponent analysis is carried out by folloggimethods

Simultaneous equation method or Vierodts method
Derivative spectrophotometric method

Difference spectrophotometric method

Geometric correction method

Absorbance ratio method

o a0k 0w NP

Orthogonal polynomial method

7. Absorbance correction method
Simultaneous equation method or Vier odts methods

If sample contains two absorbing drugs (x andagheof this absorbs at the
Amax of the other as shown kig. No. 1.0. It may be possible to determine both the
drugs by the techniques of simultaneous equatidhads provided that

- Two absorbing drugs (x and y), each of this absathkel max of the other

- Thel max of two drugs should be reasonably dissimilar.

- Two components should not interact chemically.
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Spectra of Compound 1

Wavelength

Fig. No.1.0: Amax absor ption of two drugs (x and y)

The two equations are constructed based on the atel and A2 the

absorbance of mixture is sum of individual absodearnx and y.

At Ap=ax.BCi+ay.bCy - Q)
Atd, A;=ax.BCx+ay.bCy - (2)
Rearranging equation (1) and (2) gives,
Aayi- Aray,
Cx =
Ay, — ax.ay
and
Araxe- Azaxy
Cy =
ax.ay — ax.ay

where, Gand G are concentrations of x and y respectively,
axand ax are absorptivities of x &t and, respectively
ayand ay are absorptivities of y at andi, respectively
Aand A are absorbances of diluted mixturé.gandi, respectively.
Derivative spectrophotometric method
When the sample of drug shows large irrelevant rpihem, then this method
is very useful. This method involves conversionnairmal spectrum to its first,

second and higher derivative spectrum.

Derivative spectra can be used to clarify absorpbands in more complex
UV spectra. The technique is used extensively pidip developing field of near
infrared spectroscopy and can also be applied enddtermination of the purity of
chromatographic peaks where when they are monitoyatiode array detection. The
main effect of derivatisation is to remove undemnyibroad absorption bands where

ULTRA COLLEGE OF PHARMACY, MADURAI 7



CHAPTER 1 INTRODUCTION

there is only a gradual change in slope. The fiesivative spectrum is obtained
plotting for instance the slopes of 2 nm segmehth® spectrum, and this ults as
shown for a Gassian band in the beloFig.No.2.0. In this spectrur the slope is zero
at the maximum of the peak and the slope is maxiratapproximately half the pei
height. In the second derivative spectrum the slagfeadjacent 2 nm segmelare
compared and this gives the points of maximum durezof the spectum. The rate
curvature of a spectrum has its greatest negatage at its maximum and tl

greatest rates of curvature are observed for naatms@rption band:

A A
WA ANAN
A/ d2A/dA2
3rd 4th
3 23
deA/dA d4A/dAS
Anm A nm

Fig.No. 2.0: First, second, third and fourth derivatives of a Gaussian band.

Differ ence spectrophotometric method

The essential feature of a difference spectrophetomassay is that tt
measured value is the difference absorbanég between two equimolar solutions
the analyte in different chemical forms which exhdifferent spectral characteristic
The crieria for applying difference spectrophotometnttie assay of a substance
the presence of other absorbing substanc

- Reproducible changes may be induced in the speabfutne analyte b

the addition of one or more reaget
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- The absorbance of the interfering substances ialtered by the reagents.
Geometric correction method

A number of mathematical correction procedures heen developed which
reduce or eliminate the background irrelevant ghismr that may be present in the
sample of biological origin. The simplest of thge®cedures is the three point’s
geometric procedure which may be applied if theléwant absorption is linear at the
three wavelengths selected.
Absorbanceratio method

This method is a modification of the simultaneouwpuagion method. It
depends on the property that, for a substance dbaiys the beers law at all
wavelengths. The ratio of absorbance at any twoeleagths is a constant value
independent of concentration or path length.
Orthogonal polynomial method

The technique oforthogonal polynomial method is another mathemhtica
correction procedure which involves complex caltala The basis of this method is
that an absorption spectrum may be representedrinstof orthogonal function as
follows:

AY) = PPy + PPy (L) + PPo()) + -------- PPa(V)

where ‘A’ denotes the absorbance at wavelengthnigaig to set of n+1 equally
spaced wavelength at which the orthogonal polynlsng)), P(A), P.(A) ---------
P.(L) are each defined.
Absor bance correction method

It is also a modification of simultaneous equatinathod where quantitative
determination of one drug carried out by E (1%, Lealue and quantification of
other drug carried out by subtracting absorptiore da interfering drug using
absorption factor. This method includes followingps:

- Selection of wavelength

- Study of beers-lamberts law

- Study of additivity of substance

- Determination of absorptivity E (1%, 1cm) value

- Estimation of drug in laboratory mixture.

- Analysis of marketed formulation.

- Recovery studies.
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1.2.2 Chromatography

Chromatography is a very specialized, yet widghpli@able technique of
separation science by which one can effectivelyassp chemically similar
substances in complex mixtures. There are threenclisphysical methods for
attaining separation, yet all are characterizedthsir common application of a

stationary and a mobile phase.

The stationary phase provides the chemical surfabech interacts with the
components of the mixture to be separated. Therdifice in the chemistry of these
components results in various degrees of moleduterding or entrapment to the
stationary phase. If the mixture is carried acr@dsed of stationary phase by some
mobile phase, the molecules experiencing the |edstaction with the stationary
phase will tend to advance more quickly than thesained on the bed by stronger
molecular interactions. This results in the sepamadf similar species as influenced
by differences in migration rates across the gstarp bed. The three distinct

separation strategies are-

-Frontal chromatography- The mobile phase is the sample mixture, and as
the sample migrates down the separation bed, thet leetained species are
concentrated near the leading edge.

-Displacement chromatography- A sample mixture is applied to one end of a
stationary phase, and then a mobile phase is mtextl The mobile phase selectively
binds to the stationary phase competing for theesainding sites as the sample.
Separation is established as a relative functicgh@intermolecular interactions of the
sample and mobile-phase species with the statiqrizage.

-Elution chromatography- A sample mixture is applied to one end of a
stationary phase, which may already contain mqgihese. The mobile phase does not
interact significantly with the stationary phased anly carries the sample mixture
through the stationary bed. The differences inctele binding of sample mixture
components with the stationary phase retard marabf some species so that
separation occurs. This is the most analyticalgfuiSsorm of chromatography due to

its tremendous power of separation of very sinsfzecies.

Chromatographic methods can be categorized in ways. The first

classification is based upon the physical meansviigh the stationary and mobile
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phase are brought into contact. column chromatography, the stationary phase
held in a narrow tube through which the mobile ghessforced under pressure.
includes CC, GC, and HPLC. planner chromatography, the stationary phase
supported on a flat plate or in the intersticea phper; here, the mobile phase mc
through the stationary phase by capillary actiomumder the influence of gravity.
includes TLC, HPTLC and PC. A ore fundamental classification
chromatographic method is one based upon the tyjpembile and stationary phas
asshown in Table No. 2

MOBILE PHASE STATIONARY PHASE
LIQUID
GAS Gas-Liquid Chromatography
GLC
(Gas Chromatography ¢ )
(GC) (Gas-Solid Chromatography
(GSC)
LIQUID
LIQUID
Liquid Chromatography LLO)

Liquid-Solid Chromatography
LSC)

Table No. 2.0: Fundamental Classification of chromatographic methods

(LC)

1.2.3 High Performance Liquid Chromatography*?**(HPL C)
High performance liquid chromatography is also nénas high pressul
liquid chromatography since it provides varietié$eatures lik-
1. High resolving powe
Speedy separati
Continuous monitoring of the column efflu
Accurate quantitative easurement
Repetitive and reproducible analysis using the semhenn
Automation of the analytical procedure and datadhag
Suitability for the nonvolatile species or therrgdhagile one

Highly sensitive due to availability of various detor:

© © N o o bk~ 0N

Choice of mobile phases awider stationary phases
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The different types of liquid chromatography adassified based on the
mechanism of separation involved. The various masha of separation includes
adsorption, partition, ion exchange, ion pair, szelusion and affinity. For solute
having molecular weights greater than 10,000, eskedu chromatography and
reversed phase partition chromatography are usedthié lower molecular weight
ionic species ion- exchange chromatography is widséd. Small polar but non ionic
species are best handled by partition method. Adieor chromatography is often
chosen for separating non-polar species, struciaacshers, and compound classes
such as aliphatic hydrocarbon from aliphatic aldeho
Adsor ption chromatography or Liquid Solid Chromatography (L SC)

Liquid solid chromatography is based on interactoetween the solute and
fixed active sites on finely divided solid adsortsensed as a stationary phase. The
adsorbent generally packed in a column or spreast plate which provides high
surface area e.g. Silica gel, Alumina, or chareded used but most commonly silica
gel is used. Highly active adsorbents may give tiosearreversible solute adsorption
so, may not be suitable, silica gel, which istdlig acidic may strongly retain basic
compounds, whereas alumina non acid wash is basiclould not be used for the
chromatography of base sensitive compounds. Adatsbef varying partial size
generally 5um are commercially used. The rolénefdolvent in LSC is vital since a
mobile phase molecule competes with solute moledalepolar adsorption sites. The
stronger the interaction between the mobile phasestationary phase, weaker solute
adsorption, and vice versa. The classificationobfents according to their strength of
adsorption is called an eluotropic series which rhayused as a guide to find the
optimum solvent strength for a particular sepamtia general, the compounds best
separated by LSC are those which are soluble ianicgsolvents and non ionic.
Partition chromatography or Liquid-liquid chromatography (LLC)

Liquid-liquid chromatography is similar in princglto solvent extraction
which is based upon the distribution of solute rooles between two immiscible
liquid phases according to their relative solulgisit The separating medium consists
of a finely divided inert support (e.g. silica gelieselguhr) holding a fixed
(stationary) liquid phase and separation is achidwe passing a mobile phase over
the stationary phase. The stationary phase maybleed in column, a thin layer on
glass, or a paper strip. A simple thumb rule ogsrdor partition chromatography;

like separate like or like dissolve like where Noolar materials dissolve in and are
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separated by non polar phases, and polar mateeiglsres stationary phases that are
even molar polar. Hence it is convenient to dividl€ into two categories, based on
the relative polarities of the stationary and melphases.

- Normal phase HPLC

- Reverse phase HPLC
Normal phaseHPLC

In NP-HPLC the Polar stationary phase and nonrputzbile phase is used. In
this technique, non-polar compounds travel fasterare eluted first. This is because
of the lower affinity between the non-polar compdsiand the stationary phase. Polar
compounds are retained for longer times becausthedf higher affinity with the
stationary phase. These compounds, therefore take times to elute. Normal phase
mode of separation is therefore, not generally uUsegpharmaceutical applications
because most of the drug molecules are polar mr@a@nd hence take longer time to
elute.

Reversed phase HPLC

RP-HPLCis the most popular mode for analytical and prefpggaeparations
of compound of interest in chemical, biologicalaphaceutical, food and biomedical
sciences. In this mode, the stationary phase ispotar hydrophobic packing with
octyl or octadecyl functional group bonded to silgel and the mobile phase is polar
solvent.

An agueous mobile phase allows the use of secgndalute chemical
equilibrium (such as ionization control, ion supgsien, ion pairing and
complexation) to control retention and selectivithe polar compound gets eluted
first in this mode and nonpolar compounds are methifor longer time. As most of
the drugs and pharmaceuticals are Polar in natheg, are not retained for longer
times and hence elute faster. The different coluosed are ODS or C18, C8, C4,
etc., (in the order of increasing polarity of thatnary phase).
| on exchange chromatography

lon exchange chromatography which is often shod¢oeon chromatography
refers to modern and efficient methods of sepagadimd determining ions based upon
ion exchange resin. The ion exchange process aexhgon exchange equilibrium
between ions in solution and ions of like sign ¢we tsurface of an essentially
insoluble, high molecular weight solid.
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Natural ion exchangers, such as clays and zeohtege been recognised and
used for several decades. Synthetic ion exchargesrevere first produced in the
mid-1930s for water softening, water deionizatiamd solution purification. The
most common active sites for cation-exchange reamesthe sulfonic acid group-
SOs;H, a strong acid, and the carboxylic acid group-GD@ weak acid. Anionic
exchanger contains tertiary amine groups-N {C8H or primary amine groups-
NH3O0H, the former is strong base and latter is weak on
lon pair chromatography

lon pair chromatography is used for the separadiwh determination of ionic
compounds and this method can also substitutediorekxchange chromatography.
The mobile phase in ion phase chromatography domdisan aqueous buffer
containing an organic solvents such as methanolaaatonitrile and an ionic

compound containing a counter ion of opposite ch#émghe analyte.

A counter ion is an ion that combines with thelyeaion to form an ion pair
which is neutral species that is retained by arsmdphase packing. Strong acidic
and basic compounds may be separated by reversseé piode by forming ion pairs
(columbic association species formed between twg @f opposite electric charge)
with suitable counter ions. This technique is nefdrto as reversed phase ion pair
chromatography. Most of the counter ions contakyladroup to enhance retention of
the resulting ion pair on the non popular statignamase. Elution of the ion pairs is
then accomplished with an aqueous solution of nmethar acetonitrile or other water
soluble organic solvent.

Size-Exclusion chromatography

Size- exclusion chromatography, which has also lwedled gel permeation,
or gel filtration chromatography, is a powerfulhie@ue that is particularly applicable
to high molecular weight species. Packing for xelusion chromatography consists
of small silica or polymer particle containing awerk of uniform pores into which
solute and solvent molecules can diffuse. Whiltheapores, molecules are effectively
trapped and removed from the flow of the mobilegghd he average residence time
in the pores depend upon the effective size ofatidyte molecules. Molecules that
are larger than the average pore size of the pgckie excluded and thus suffer

essentially no retention; such species are thetfirlse eluted.
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Molecules having diameter that are significanttgaier than the pore can
penetrate or permeate throughout the pore mazeasmdhus entrapped for the
greatest time; these are last to be eluted. Betthese two extremes are intermediate
size molecules whose average penetration intodhespof the packing depends upon
their diameters. Within this group fractionationcocs, which is directly related to
molecular size and to some extent molecular shape.

Affinity chromatography

It is the most selective of the mechanisms usethiomatography mostly for
the separation of biological molecules. Hence isoalnamed as bioaffinity
chromatography. It uses highly specific interactimtween the immobile phase and
solute molecules. These interactions are usuallyrar-substrate, enzyme inhibitor
or antibody-antigen reactions, which are highlyestVe. For example, it is well
known that antibodies are extremely specific inrtiheactions with antigen and can
be used in bio-affinity chromatography where anibmaty, immobilised on a
stationary phase (by covalently binding to it), caact with one protein (antigen)
from a mixture containing even several hundred laimprotein, binding it to the
column. Once the column has been washed to renlbw¢har proteins, the desired
substance can be eluted out of the column by chgrtge ionic strength of the eluent.
The fact that certain organic molecules such athsyic dyes (used in textile) as well
as metal ions exhibit selective affinity for biologl molecules has been exploited in
the form of dye-ligand chromatography and immaledi metal ion chromatography

in biotechnology.

1.2.4 High Performancethin layer chromatography**® (HPTLC)

This is a sophisticated, advanced, versatile aitdnaated version of the thin
layer chromatography. It is the fastest growinditegue for the analysis of drugs. Of
many chromatographic methods presently availabl€/HPTLC provides the rapid
analysis of plant drugs leading to semi quantigatir quantitative information on
chief constituents of the formulation. It can paw/ifingerprinting for monitoring the
identity and purity of drug and detection of adrdteon or substitution.

HPTLC is a type of planar or flat bed chromatogsapvhich works on the
principle of adsorption in which the componentaisample of complex mixture are
separated, identified and quantitated based om tikerential adsorption over the

stationary phase. Components with greater affititywards the stationary phase
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travels slower and are thus retained and those leker affinity towards the
stationary phase travels faster and are thus ek#tder. Its main advantages are

Disposable Pre-coated plates are available

Minimum technical training required

Minimum place for working

Sample components are stored on plate, allowingated analysis
Quantification at micro, nano and picto-gram levelgen in complex
formulations.

Multiple samples can be run simultaneously undentidal conditions
Economic than HPLC technique.

Stepsinvolved in HPTLC

| Selection of sorbent layer |

A

| Sample and standard preparatiorls

Selection and optimization of mobile phase| re-Washing of pre-coated plates

Application of standard and sample

In-situ pre-chromatographic derivatizatjddaturation of chamber; pre-conditioning layer

| Chromatographic developmer‘t

\ 4
| Detection of analytes|

UV-visible/floescent Post chromatographic derivatization

A\ 4
| Quantitative evaluatior1

| Documentation

Fig. No 3.0: Stepsinvolved in HPTLC

Selection of chromatographic layer

Sorbents: The most commonly used sorbents in pre-coated kate silica
gel 60, silica gel 60F, silica gel 68K Fsss aluminium oxide, high purity silica gel 60,
cellulose, PEI impregnated cellulose, chemicallydified silica gel including amino,
cyano and diol derivative, etc. The pre-coatedeglatith sorbent thickness of 100-
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250 um are used for qualitative and quantitative analysior preparative TLC,
sorbent thicknesses of 1-2mm are available in eatdio chemical modified layers.

Plates. The plates may be a glass support, polyester (plagdteets (0.2mm
thick) or aluminum sheet (0.1 mm thick). Pre-cdatédPTLC plates in size of
20x20cm with aluminum or polyester support are lguprocured mainly for
economic reasons. These can be cut to size and shapit particular analysis.
Pre-washing of pre-coated plates

Sorbents with large surface area absorb water reapad other volatile
impurities from laboratories atmosphere leadingntm-reproducible results thus
necessitates pre-washing. Ascending, dipping amtiragous mode are the common
pre-washing methods. The plates are then driedafsufficient time to completely
remove the washing liquids.

Activation of pre-coated plates (layer pre-conditioning)

Plates exposed to high humidity may have to besated in oven at 110-
120°C for 30 minutes to remove adsorbed water. @egvation should be avoided
as it leads to sample decomposition.

Sample preparation

The sample preparation procedure is to dissohe dbsage form with
complete recovery of intact compound(s) of intesas minimum of matrix with a
suitable concentration of analyte (s) for direcplagation on the HPTLC plate. For
normal phase chromatography using silica gel pegemb plates, non-polar, volatile
solvents are used for dissolving samples. In ceptfar RP-HPTLC, polar solvents
are used. Steps for sample pre-treatment involvepkag, mechanical crushing,
extraction, filtration and enrichment of minor coooymds. If necessary, sufficient
guantity of sample should be initially cleaned uy ahould be derivatized before
chromatographic development (pre-chromatographivakezation).

Application of sample

The sample should be completely transferred to l#yer; however, the
application process should never damage the laagrdamaged layer results in
unevenly shaped spots. The samples should be dpiplismall increments with
intermediate drying particularly when the sampliion is predominantly agueous.
Sample application volume for HPTLC varies from-B8.5l keeping the size of
starting zone(s) ranging from 0.5-1 mm in the comr@dion range of 0.1-ig/ml. The

most commonly used applicators are
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- Camag Nan-Applicator with micrometercontrolled Hamilton syring
which delivers sample volumes in the range 0f-2000pl.

- Camag Nanomat with a platini-iridium capillary handles 0.4l.

Fig.No. 4.0. Camag Nanomat automatic apllicator

The small diameter of the sample spots appliedPTLC allows for analysi
of 20-30 sample in a single plate, thus reducing the Idpweent time of 20 minute
to 1 minute per sample. This certainly places HPTihL@ competitive position wit
HPLC in terms of speed of analy:

Mobile phase optimisation

Mobile phase commonly called solvent system is ticathlly selected b
controlled process of trial and error. It should diesen taking into considerati
chemical properties of analytes and the sorbemtrldyse of mobile phase containi
more than thee or four components should normally be avoided iaften difficult
to get reproducible ratios of different componei@slvent composition is express
by volumes (v/v) and usually sum of total volumé&.@®
Chamber pre-conditioning (saturation)

The Chamber should be saturated before the chronapiuig development 1
avoid the evaporation of the solvent mainly frone tolvent front thus avoidir
larger usage of solvents resulting in lowe values. Saturation time depends on
nature and comgition of mobile phase and increases with incraaséhe layel
thickness.

Chromatographic development and drying
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Some of the commonly used development types amde$pective chamber

used are as follows:

TableNo. 3.0: Typesof HPTLC Chromatographic Development technique and
Drying Chamber

Sr.No. Types of Development Chamber s used
1. [')A‘esscfen:('j?r?g Rectangular glass chamber
2. Two-dimensional Twin-trough chambers
3. Horizontal Horizontal development chamber
4. Radial (circular) Circular U chamber
5. Anti-radial (anti-circular) Anti-circular U chamber
6. Multimodal (multi- Automated multiple development
dimensional chambers

The developed plate is then removed from the clearabd the mobile phase
is removed completely in a fume cup-board to awmdtamination of laboratories
atmosphere. The plates should always be laid haady so that the separated
components will migrate evenly to the surface whbey can be detected easily.
Detection and Visualisation

The zones can be located by various physical, anand biological-
physiological methods. There is apparently no clifty in detecting coloured
substances or colourless substances absorbingrhwave UV region (254 nm) or
with intrinsic fluorescence. Those which do not dadéle above properties should be
derivatised as detectable substances by meansarhogenic or fluorogenic reagents
(Post-chromatographic derivatisation). DetectiomlarnUV light is the first choice
and is non-destructive in most of the cases andosimonly employed for
densitometric scanning. The derivatising reagen¢s agpplied both by spraying or
dipping technique. While resorting to in situ prer post-chromatographic
derivatisation followed by quantitative analystdsiabsolutely essential to ensure that

reaction on the plate is complete or atleast stonchtric and reproducible.

Stabilisation of developed zones
The derivatised color or fluorescent chromatogi@pbnes should be stable at

least for 30 minutes for carrying out various step®lved in quantitative analysis.

ULTRA COLLEGE OF PHARMACY, MADURAI 19



CHAPTER 1 INTRODUCTION

Therefore, the chromatographs should be stabiliaed intensified by adopting
suitable conditions.
Quantitation (evaluation)

Quantitation basically involves two types of meatbo

» The first method involves some type of measuremanhe layer such as

visual comparison, area measurement or in-situidenstry on the layer.
» The second method involves removal of the analytenfthe plate
followed by quantitation.

Visual Comparison

This method can be used to determine if impuriéies within a certain limit
and to determine the number and approximate qiesf impurities that may be
present. Since spots with low; Ralues are too concentrated to be evaluated
accurately and since the spots with highvRlues may be too diffuse to estimate
accurately, visual comparison should be used fotsspith R values between 0.3 and
0.7.
Area Measurement

The use of area measurement after separatioredpibt reduces the errors in
guantitation to 5-15%. Several methods for areasoreaents used are planimetry,
tracing spots on writing paper followed by the ttadal cutting and weighing
approach and photographing the spots for cuttitgvegighing. The area can also be
measured by counting squares occupied by the tfatee spot on millimetre graph
paper and photocopying the spot prior to cutting aeighing. The quantity of
material in the sample spot can be determined teypolation after construction of a
standard curve. The area of the spot is lineatited to the log of the sample weight.
In-Situ Densitometry

Densitometry is the in-situ instrumental measureémeh visible, UV
absorbance, fluorescence or fluorescence quendtinegtly on the layer without
resorting to scrapping and elution. The measuresnamt usually made by reflection
from the plate using single beam, double beam oglsi beam-dual wavelength
operation of scanning instruments at the wavelemjtmaximum absorbance to
achieve sensitivity. The purpose of the scannéo isonvert the spot or band in the
layer into chromatogram consisting of peaks whasstion on the recorder chart are
related to Rvalues of the spots on the layer and peak heighatea is related to the

concentration of the substances on the spot. Tmalsi which are measured represent
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the absorption of transmitted or reflected lighattpbasses through the spot compared
to blank portion of the sorbent layer. The HPTL@sl®metric analysis, three or four
standard and purified samples are applied on thee salate. A calibration curve
consisting of scan area of standard versus amolmnalyte is constructed and
amount of analyte in the sample represented by acaa is interpolated from the
standard curve. Concentration of the analyte in #aenple is calculated by
considering the weight of the sample initially takend dilution factors.

Scrapping and Elution

This involves the following steps:

Location of the analyte zon

U

Collection of the sorbeng

U

Removal of the analyte
(isolation) from the sorbent
or elution

W

Fig. No 5.0: Stepsinvolved in scrapping and elution

L ocation of the Analyte

The analyte zones are located by any of the deteatiethods like exposure to
UV light or lodine vapours or by the formation afleured / fluorescent derivatives
using corresponding derivatising reagents.
Collection of the Sorbent

Once the zone has been located, the sorbent ceammeed quantitatively by
the following procedures:

- Simple scrapping of the sorbent as a circular atogg with the analyte

- Drawing the sorbent through a glass tip of a vacderice and depositing

it on a glass frit / glass wool.

Removal of Analyte (Isolation) From the Sorbent (Elution)

The elution chamber is sealed over the analytdertitrcular sorbent ring and

the eluent is pumped into the chamber.
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- The analyte is eluted using the solvent with higlvent strength for the
analyte. If the analyte has high Wlue (~ 0.8), the mobile phase is used
as the eluent.

1.3 Introduction to Herbal drug formulation*”#

Owing to the curiosity of present generation, &gdic and siddha systems of
medicines have been regaining their importance dkieir synthetic counterpart
owing to the expected adverse effects of the lattelr the superiority of the former.
So there is resurgence of use of herbs both assding cosmeti¢§ In developed
country, there is great demand for herbal prodasta mainstream of medicine or as
an alternative medicine. These products are ingrglys being sought out as
medicinal products, nutraceuticals and cosmetidseerd are around 6000 herbal

manufacturers in India. More than 4000 units amelpcing Ayurveda medicin&°

Herbal formulations are not only therapeuticalffeetive but also establish
their part as exclusively important in improvingtaesthetic sense of humans in the
form of cosmetics. Cosmetics have been enjoying renaissance amengptmgsters
throughout the world. Hence the quality controlaoherbal formulation is a general
requirement to be fulfilled if the formulation is be released into the market.

In the past, approach to analysis was technigallyas sound as it is today.
Due to the introduction of new analytical technigjue this world of research and
development, analysts have performed difficult $agkth ease. Modern methods of
analytical techniques likes UV spectroscopy, HPL@& &HPTLC are extremely
sensitive, providing precise and detailed informmatirom small samples of material.
These are most rapidly applied and in generaleadily amenable to automation. For
these reasons, these are now in widespread usedagh development, in the control
of manufacture and formulation, as a check on thbilgy during storage, and in

monitoring the use of drugs and medicfiles

The current good manufacturing practices (cGMRH land Food Drug
Administration (FDA) guidelines insist for adoptiai sound methods of analysis
with greater sensitivity and reproducibility. Thienee, the complexity of problems
encountered in pharmaceutical analysis with the omamce of achieving the

selectivity, speed, low cost, simplicity, precisiand accuracy in estimation of drugs.
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New methods are now being developed with a greal d& consideration to
worldwide harmonization. As a result, new producan be assured to have
comparable quality and can be brought to internationarkets faster.

1.4  Introduction to Analytical Method Development?*

A good method development strategy should requwrdy as many
experimental runs as are necessary to achieveefieed final result. Finally method
development should be as simple as possible amshould allow the use of
sophisticated tools such as computer modeling.ifipertant factors, which are to be
taken into account to obtain reliable quantitaawalysis, are:

- Careful sampling and sample preparation.

- Appropriate choice of the column.

- Choice of the operating conditions (system suiigilto obtain the

adequate resolution of the mixture.

- Reliable performance of the recording and data lvagndystems.

- Suitable integration/peak height measurement tejcteni

- The mode of calculation best suited for the purpose

- Validation of the developed method.
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J

Need for special procedure, sample pre-treatment

J

Choosecolumn, MP, SP, Solvent and Dete!

!

Choose LC method, preliminary run, estimate bgsarsgion conditions

|

Optimize separation conditions

!

Check for problems on requirement for special pdace

7 N\

Recover purified Quantitative calibration Qualitative method
material methao

Validate the method for release to routine labayato

Stepsin HPLC Method Development

Fig. N0.6.0: A Flow Chart of HPL C Method Development
Careful Sampling and Sample Preparation
Before beginning method development it is needetoew what is known
about the sample in order to define the goals glasgion. The sample related
information that is important is summarized in daing.
The sample related summarized relation:
» Number of compounds present, chemical structures

» Molecular weights of compounds
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» pKavalues of compounds, UV spectra of compounds

» Concentration range of compounds in samples ofasteand Sample

solubility

The chemical composition of the sample can provideable clues for the
best choice of initial conditions for an HPLC segiemm. Generally sample comes in
various forms,

- solutions ready for injections

- solution that require dilution, buffering, additiofiinternal standard

- solids that may be first dissolved and extracted

- sample that require sample pretreatment to remaeeférences and or to

protect column
Selection of the Column

The selection of the column in HPLC is depends uperdifferent modes like
adsorption andpartition and also the separation mechanism is baseeaductive
forces, dipole-dipole interactions and hydrogen bond formation. In case of ion-
exchange chromatography, the separation is basdabeodifferences in the charge,
size of the ions generated by the sample molearidsthe nature of ionisable group
on the stationary phase. In the case of size-ewciichromatography the selection of
the column is based on the molecular weight anel gizhe sample components.
Selection of Operating Conditions to Obtain the Adequate Resolution Of the
mixture:

Most of the drugs come under the category of regalmples. Regular
samples mean typical mixtures of small moleculeZ)(0Da) that can be separated
using more or less standardized starting conditi®egular samples can be further
classified as neutral or ionic. Samples classifasd ionic include acids, bases,
amphoteric compounds and organic salts. If the gammeutral buffers or additives
are generally not required in the mobile phaseds or bases usually require the
addition of a buffer to the mobile phase. For basicationic samples, less acidic
reverse phase columns are recommended. Based ammandations of the
conditions, the first exploratory run is carrieddahen improved systematically. On
the basis of the initial exploratory run isocraticgradient elution can be selected as
most suitable. If typical reverse-phase conditigm®vided inadequate sample
retention it suggests the use of either ion-pain@amal phase HPLC. Alternatively

the sample may be strongly retained with 100% aietle as mobile phase
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suggesting the use of non-aqueous reverse phasmatugraphy or normal phase
HPLC.
Selection of solvent system:

Basically it is better to use an isocratic mobiteage of some average organic
solvent strength (50%). It is usually not recomnezhtb begin method development
with an intermediate strength mobile phase. A betiternative is to use a very strong
mobile phase first (80-100%) then reduce % of dga&olvent as necessary. The
initial separation with 100% results in rapid ebatiof the entire sample but few
groups will separate. Separation or resolutionpsi@ary requirement in quantitative
HPLC analysis which is depends on the solvent sysised. Usually, a sample
containing two or more components, baseline remuiufRs >1.5) can be obtained
easily for the band of interest. Resolution usudbgreases along with the life of the
column and can be vary from day to day. Thereftire,values of Rs =2 or more
should be the goal during method development forpéa mixture. Goals that are to
be achieved in method development are briefly sunz@éin Table No. 5.0.

Table No. 4.0 Goalsto be achieved in method development

Goal Comment
Separation time <5-10 min is desirable for roupnecedures.
<2% for assayss5% for less-demanding analys€ks% for
trace analyses.
<150 bars is desirable, <200 bars is usually esdénew

Quantitation

Pressure
column assumed).
Peak height Narrow peaks are desirable for lamgga$inoise ratios.
Solvent

Minimum mobile-phase use per run is desirable.

consumption

Resolution with Rs >2 favor both improved assagcigion and greater
method ruggedness. Some HPLC assays do not reoase line separation of the
compounds of interest (qualitative analysis). Iohsaases only enough separation of
individual components is required to provide cheeadstic retention times for peak
identification. The time required for a separat{omntime = retention time for base
band) should be as short as possible and thetto@lspent on method development
is reasonable (runtimes 5 to 10 minutes are ddsjraBenerally column equilibration
is achieved after passage of 10 to 20 volumes ein#w mobile phase through the
column. However this should be confirmed by rejpgathe experiment under the
same conditions. When constant retention timesoaserved in two such back-to-
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back repeat experiments (x 0.5% or better), it banassumed that the column is
equilibrated and the experiments are repeatable.
Optimization of HPL C method

During the optimization stage, the initial setscohditions that have evolved
from the first stages of development are improvedn@ximized in terms of
resolution and peak shape, plate counts, asymmedipacity factor, elution time,
detection limits, limit of quantitation and overability to quantify the specific
analyte of interest. The various parameters ttatide to be optimized during method
development are Selection of mode of separatiotecen of stationary phase,
Selection of mobile phase and Selection of detector
Selection of Mode of Separation

In reverse phase mode, the mobile phase is comyatore polar than the
stationary phase. For the separation of polar ateraiely polar compounds the most
preferred mode is reverse phase. The nature arthlyte is the primary factor in the
selection of the mode of separation. A useful aracfral measurement of peak
shape is peak asymmetry factor and peak tailingpfaPeak asymmetry is measured
at 10% of full peak height and peak tailing facabi5%. Reproducibility of retention
times and capacity factor is important for devehgpa rugged and repeatable method.
Buffersand buffer capacity

Buffer and its strength play an important role eciding the peak symmetries
and separations. Some of the most commonly empldydters are Phosphate
buffers, citrate and borate etc.
Mobile Phase Composition

Most chromatographic separations can be achievethbgsing the optimum
mobile phase composition. This is due to the fdut tfairly large amount of
selectivity can be achieved by choosing the qualdéaand quantitative composition
of agueous and organic portions. Most widely usetVemts in reverse phase
chromatography are Methanol and Acetonitrile. Expents should be conducted
with mobile phases having buffers with different ahtl different organic phases to

check for the best separations of analyte peak.

Selection of Detector
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The detector was chosen depending upon some tdiastic property of the
analyte like UV absorbance, florescence, conduetaogidation, reduction etc. The
characteristics that are to be fulfilled by a deieto be used in HPLC determination
are,

- High sensitivity facilitating trace analysis

- Negligible baseline noise to facilitate lower ddime, Low dead volume.

Pharmaceutical ingredients do not absorb all Ughtliequally, so that
selection of detection wavelength is important. émderstanding of the UV light
absorptive properties of the organic impurities ae active pharmaceutical
ingredient is very helpful. For the greatest sévigit Amax should be used. Ultra
violet wavelengths below 200nm should be avoidezhbse detector noise increases
in this region. Higher wavelengths give greateestlity to the detector.

System parameter optimization

This is done to get a desired balance betweenutesol& analysis time. The
parameters optimized here are the column dimensaigmn packing particle size
and flow rate. These parameters may be changedutifielectivity.

Column length

Longer column gives increased resolutiarmile shorter column require
shorter analysis time but lower back pressure gheest equilibrium & less solvent
consumption.

Column internal diameter

Wider for greater sample loading and narrow for eneensitivity as well
reduced mobile phase consumption.
Particle shape

Spherical particles lower back pressure & columabifity thus Greater
efficiency and Irregular particles-when high sugarea and high capacity needed.
Particlesize

Particle size 3-4 micron for complex mixtures waiimilar components, 5-10
micron for sample with structurally different comyls (especially
multicomponents), 10-50 micron-fast, high resolutiseparations, 15-20micron-

preparative separations.

Poresize
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Pore size of 150Aor less for samples with mol. wt<2000 and 300
greater for samples with mol. wt>2000.
Surface area

High surface area provides more capacity, Greatsolution, and longer
retention while Low surface area gives quick egudtion time.
Carbon load

High carbon load gives greater column capabilitiRgsolution and Low
carbon load fast analysis times.
End capping

End capped packing used to eliminate unpredictabtmndary interactions
with the base material while Non-end capped packimgselectivity differences for
polar compounds by controlling secondary interansio
Flow rate

Increase in flow rate decreases the retention @meé increases the peak
sharpness, decreases the resolution while Decredlesv rate increase the retention
time, decreases the peak sharpness and increasessttution. Generally optimized

parameter for different compounds given in Table 56

Table No. 5.0 Optimization Parametersin HPL C M ethod Development

HPLC o
Analytes Optimize
method
Neutral Reverse
Solvent strength, solvent type
phase
Weak acids and/or lon
' pH, solvent strength, solvent type
weak bases suppression
Strong acid and/or . lon pairing reagent concentration, pH
lon pairing
strong bases solvent strength , solvent type
Inorganic o .
. . lon exchange Eluting ion concentration
anions/cations
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1.5  Introduction to Analytical Method Validation®%
Doing a thorough method validation can be tedious, but the consequences of
no doing it right are wasted Time, Money and Resources

Validation is establishing documented evidence phatvides a high degree of
assurance that a specific process will consisteptlyduce a product or results
meeting its predetermined specifications and quatiributes.

Validation is required for introducing a new methadoutine use, whenever
there is change in the synthesis of drug substandevhenever there is change in the
composition of finished product. Analytical methealidation is completed to ensure
that analytical methodologis accurate, specific, reproducible and robust dher
specified range that an analyte will be analyzedrdvides an assurance of reliability
during normal use, and is referred to as the psooeproviding documented evidence
that the method is acceptable for its intended gagp Although a thorough
validation cannot rule out all potential problertt®e process of method development
and validation find-out the common problem assedatith method likes analytical
recovery, matrix interferences with the analyteedwmination, inadequate sample
preparation procedures, sampling errors, stalolityjaterials, and general robustness.
For pharmaceutical methods, guidelines from Uniidtes Pharmacopoeia (USP),
International Conference on Harmonization (ICH) &odd and Drug Administration
(FDA) provide a framework for performing such valin.

Parameters used for the validation of analyticahoe are:

» System Suitability
Specificity
Linearity
Range
Accuracy
Precision
Limit of Detection (LOD)
Limit of Quantitation (LOQ)

Ruggedness

YV V.V V V V V V VY

Robustness.
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Fig. No.7.0: Parametersused for the validation of analytical method

System Suitability

System suitability is the checkiithe system performandefore or during th
analysis of unknowndt is providng data of acceptable quality aused to verify that
resolution and repeatability of the system are adtx for the analysis to |
performed. It is based on the concept that equipmelectronics, analytice
operations and sample constitute an integral syshamcan be evaluated as aole.
As per USP, following parameters and recommendairerused to determine syst

suitability before analysi
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Table No. 6.0: System suitability parameter and recommendations

Sr.
N PARAMETERS RECOMMENDATIONS

0.

Theoretical plates
1. Should be > 2000
(N)
2. Tailing factor (T) Tok?2
_ Rsof >2 between the peak of interest & the closest

3. Resolution (B

eluting potential interference.

4. Repeatability RSB 1% for N> 5 is desirable.

_ K’ > 2.0 (well resolved from other peak & void
5. Capacity factor (k’

volumes)

Specificity

Specificity is the ability of the method to accedgt measure the analyte
response in presence of all potential sample coemsnThe response of the analyte
in the test mixture containing the analyte and @dtential sample components
(placebo formulation, synthesis intermediates, @raits, degradation products,
process impurities, etc) is compared with the raspmf the standard solution of the
analyte.
Linearity

Linearity study verifies that the sample soluti@me in a concentration range
where analyte response is linearly proportional ttee concentration. Five
concentration levels from 50-150% of the standastlt®ns of the analyte are
required to allow detection of curvature in the tigd data. Generally, five
concentrations from 80-120% of standard conceotrashould be used in three
replicates of each concentration.

Acceptability of linearity is often judged by colagon co-efficient and y-
intercept of linear regression line for the resgongrsus concentration plot. A
correlation co-efficient of >0.999 is generally satered as evidence of acceptable fit
of the data to the regression line. The y-intersymuld be less than a few percent of

the response obtained for the analyte at the téegek
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Range

Range is the interval between the upper and loexazl$ of analyte that have
been demonstrated to be determined with precisioccyracy and linearity. Range of
an analytical method is the concentration intewadr which acceptable accuracy,
linearity and precision are obtained and it is esped in terms of ppm or percentage.

Table No.7.0: Recommended validation rangesfor Linearity studies

RECOMMENDED
TYPICAL
SL.NO ANALYSISCATEGORIES VALIDATION
RANGE (%)
RANGE (%)
1. Assay specifications for release 95-105 80-120
Assay specifications for check 90-110 80-120
3. Content uniformity test 75-125 70-130
Assay of a preservative in a stability
4. 50-110 40-120
study
Determination of a degradant in a
5. . 0-10 0-20
stability study

Accuracy

Accuracy of a method is the closeness of the nredsvalue to the true value

for the sample. Accuracy is usually determinedrie of the four approaches:

a) By analyzing sample of known concentration and canmg the measured
value to the true value.

b) By comparing test result from the new method whbk tesult from an
existing alternate method that is known to be aateur

c) By spiking analyte in blank matrices which is mpatked for recovery
studies.

d) The fourth approach is the technique of standaditiad, which can also
be used to determine the recovery of the spiket/@narhis approach is
used if it is not possible to prepare blank sammpigtrix without the
presence of the analyte.

Accuracy criteria for an assay method is that thean recovery will be

100+2% at each concentration over the range of 204t the target concentration.

For impurity method, the mean recovery will be withD.1% absolute of the
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theoretical concentration or 10% relative, whichiergegreater, for impurities in the
range of 0.1-2.5% v/w.
Precision

Precision is the measure of the degree of repdi#gabi analytical method
under normal operation and is normally expresse@o&SD for the statistically
significant number of samples. The precision ofaaalytical procedure is usually
expressed as the variance, % relative standaraititavior coefficient of variation of a
series of measurements. ICH documents recommernid ptfegision should be
assessed using a minimum of nine determinationsroay the specified range of the
procedure (i.e., three replicates of three conaéntrs) or using a minimum of six
determinations at 100% of the test concentration.af assay method, the instrument
precision (intermediate precision) will be 1% anbde tintra-assay precision
(Repeatability) will be 2% and for an impurity meth the instrument precision will
be 5% and intra-assay precision will be 10%.
Ruggedness

Ruggedness is the degree of reproducibility. It tesults obtained by the
analysis of same sample under variety of normdl ¢eaditions such as different
laboratories, different analyst, different instrurtg different lots of reagent, different
elapse assay times, different assay temperatuifésredt days, etc. It is normally
expressed as lack of influence on test results pdrational and environmental
variables of the analytical method.
Robustness

The robustness of a method is its ability to remamaffected by small but
deliberate variations in method parameters andigesvan indication of its reliability
during normal use. These method parameters maydleated one factor at a time or
simultaneously as part of a factorial experimetede typical variations are includes
Variation in wavelengthifnmax) for detectionvariation in mobile phase composition,
Variation in column temperatyreariation in flow rate / injection volume.
Limit of detection (LOD)

It is the lowest concentration of an analyte in shenple that can be detected
but not necessarily quantitated under the statguer@rental condition. It is a
parameter of limit tests. It is expressed as a@aination at a specified signal to noise
ratio usually 3:1.
Limit of quantitation (LOQ)
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It is the lowest concentration of the analyte saaple that can be determined
with acceptable precision and accuracy under @edtoperational and experimental
conditions of the method. It is a parameter of gn@ntitative determination of low
levels of compounds in sample mixtures, such asadegion in finished products. It
is expressed as a concentration at a specifiedldigmoise ratio usually 10:1.

1.6  Introduction to Forced Degradation Studies™’

The development of forced degradation and stabihtlicating studies of
drugs is very important as it affects the safety afficacy of the drug substance and
drug product. Forced degradation studies are chroet at more severe than
accelerated conditions so as to design to genpratiict-related variants and develop
analytical methods to determine the degradatiodymts formed. Forced degradation
studies are also designed to specificity of stbiindicating methods and also
provide an insight into degradation pathways angratiation products of the drug
substance and helps in elucidation of the structdirthe degradation produciésd
also to increase the rate of chemical degradatigrhgsical change of an active drug
substance or drug product using exaggerated stocagdition. Any significant
degradation product should be evaluated for patkrtazard and the need for
characterization and quantization. According to ghelelines by the FDA and ICH,
these stability data are quite essential for thalityjuof the drug substance and drug
product to know how quality changes with time unter influence of the various
environmental factors and which helps in the desmrhe proper formulation and
packing system along with proper storage and dielfof the drug substance and
drug products. As per ICH guidelines, the stressirtg is design to identify the
degraded product and to validate the stabilityaating procedure.

But these guidelines do not provide details aboat o conduct forced
degradation studies even though forced degradatiodies are scientifically very
essential and are the regulatory requirements gluhie drug developments. Now, it
has become mandatory to conduct stability studiesew formulations before filling
approaching to the registration dossier. Genegbyability study includes long term
for 12 month and accelerated studies for 6 montit. & we compare to stability

studies, a forced degradation studies helps inrgéng possible degradants in much
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shorter period of time i.e. within a few weeks. &gatlly these studies are designed to

measure any drug condition subject to change dstmgge.

A degradation level of 10 to 15% is considered adég for validation of a
chromatographic purity assdyis not necessary that forced degradation woesdlts
in a degradation product. In the Testing of stdssamples is required to
demonstrate the following abilities of analytic&chniques to achieve following
purposes like:

o Evaluate stability of DS and DP in solution

o Generate stability indicating method.

e Determine structural transformations of the drudpssance and drug

product

o Detect low concentrations of potential degradagioducts

e Detect unrelated impurities in the presence of desired product and

product-related degradants

e Separate product-related degradants from thoseedefrom excipients

and intact placebo.

e Understanding chemical behavior of DS and DP

e Reveal degradation mechanism such as hydrolysidaten, thermolysis,

or photolysis of the DS and DP.

o Generating more stable formulations.

e Design shelf life for the new DS and DP.

Forced degradation is normally carried out underensgvere conditions than
those used for accelerated studies. A minimalolisitress factorgFig. No.8.0) and
conditions suggested for forced degradation studimest include acid and base

hydrolysis, thermal degradation, photolysis, anidlaton shown inrable No. 8.0
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Forced degradation stady
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Fig.No.8.0: Flow chart for different stress conditions used for the degradation of

drug substance and drug products

Table No. 8.0: Commonly used condition for Forced degradation study

Degradation type Expenmental conditions Storage conditions Sampling time (days)
Hydrolysis Control API (no acid or base) 40°C, 60 °C 135
0.1 M HCI 40°C, 60°C 135
0.1 M NaOH 40°C, 60 °C 135
Acid contral (no APT) 40°C, 60 °C 135
Base control (no API) 40°C, 60 °C 135
pH: 24,68 40°C. 60°C 135
Oxidation 3% Halny BCHTC 135
Peroxide control 25°C, 60°C 135
Azobisisobutyronitnle (ATBN) 40°C, 60 °C 135
AIBN control 40°C, 60 °C 135
Photolytic Light 1 % ICH NA 135
Light 3% ICH NA 135
Light control NA 135
Thermal Heat chamber 60 °C 135
Heat chamber 60 °C/75% RH 135
Heat chamber B0 C 135
Heat chamber 80 "C/75% RH 135
Heat control Room temp. I35
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The objectives of forced degradation study is tvjale evidence on how the
drug quality of a drug substance or drug produdegavith time under influence of a
different conditions like

» Acid degradation
Base degradation
Peroxide degradation
Photo degradation

Neutral Degradation

YV V VYV VYV V

Thermal degradation

The samples data generated from foragtadlation studies can be used to
develop the stability indicating method which ¢enapplied latter for the analysis of
samples generated from accelerated and long tailitst studies.
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2. REVIEW OF LITERATURE

A literature survey was carried out to identify Ilmomponent formulations
for which analytical method development was justifiThe information for the drugs
selected for the research work is available onvibdd wide weB®“*° and also the
monographs for individual drugs is availalble in afhacopoeid$™® but
combinations of these formulations were not offigiaany pharmacopoeiz. Indian
Pharmacopoeia (IP), British Pharmacopoeia (BP)Wmited states of Pharmacopoeia
(USP), European Pharmacopoeia (EU), The officialhd of analysis for Losartan,
Chlorthalidone, and Proguanil as single componenteported in IP. Likewise, the
official BP method is available for individual agsis of Chlorthalidone, Proguanil
and Acetylcysteine formulation and the official UBRthod is available for analysis

of Chlorthalidone and Acetylcysteine individually.

Losartan Potassium and Chlorthalidone
A plethora of methods, using various analyticahtéques have been reported
for losartan potassium and chlorthalidone alone amatombination. A few are

metntionedbelow:

Sathe SR et af* have reported simultaneous analysis of losartdaaspium,
atenolol, and hydrochlorothiazide in bulk and ibléss by high-performance thin-
layer chromatography (HPTLC) with UV absorption siéometry. The drug was
extracted by using methanol and then sample amdlatd solutions were applied to
prewashed silica gel plates and developed withet@uamethanol— triethylamine
6.5:4:0.5 (v/v) as mobile phase. Zones were scadeesditometrically at 274 nm. The
Rf values of losartan potassium, atenolol, and dwidorothiazide were 0.60, 0.43,
and 0.29 respectively. Calibration plots were Imi@athe ranges 1000-5000ng/band
for losartan potassium and atenolol and 250-12%@mgl for hydrochlorothiazide;
the correlation coefficients (r), were 0.9994, @39and 0.9994, respectively. The
suitability of this method for quantitative detemation of these compounds was
proved by validation in accordance with the requieats of pharmaceutical
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regulatory standards. The method was used formeatnalysis of these drugs in bulk

and in a formulation.

G. Carlucci et af® have developed method for the simultaneous
determination of losartan and hydrochlorothiazidetablets by high-performance
liquid chromatography (HPLC). The procedure, bagedhe use of reversed phase
high performance liquid chromatography, is linearthe concentration range 3.0-
7.0ug/ml for losartan and 0.5-218/ml for hydrochlorothiazide, is simple and rapid
and allows accurate and precise results. The lohitletection was 0.Q&/ml for

losartan and 0.Qfy/ml for hydrochlorothiazide.

Mhaske RA. et af® have developed RP-HPLC method for the simultaneous
estimation of irbesartan, ilosartan , hydrochloitke, and Chlorthalidone
applications to commercially available Drug prodddte separation was achieved on
Hypersil BDS (250 mm x Diameter 4.6 mm Particleestzum) column with gradient
flow. The mobile phase at a flow rate of 1.0 ml/ntonsisted of 0.05M sodium
dihydrogen phosphate buffer and acetonitrile (Gradratio). The UV detection was
carried out at 220 nm. The method was successfaligated in accordance to ICH
guidelines. Further, the validated method was eppfor commercially available

pharmaceutical dosage form.

Sibel. A. Ozkart’ has developed method for simultaneous determimatio
of losartan potassium and hydrochlorothiazide ftablets and human serum by RP-
HPLC. Chromatography was carried out on g réversed-phase column using a
mixture of 0.01 M KHPQy: acetonitrile (65:35; v/v) adjusted to pH 3.1 WP O, at
a flow rate 1.0 ml/min. Detection was realized &2 2nm using a UV detector.
Linearity was obtained in the concentration rang@%-10000 ng/ml and 50-10000
ng/ml for losartan potassium and hydrochlorothiazidespectively. The limit of
detection and the limit of quantification of theopedure were found to be 1.02 ng/mi
and 3.39 ng/ml forlosartan potassium; 4.49 ng/mmd al4.96 ng/ml for

hydrochlorothiazide, respectively.

Krishna KC. et aP® have reported RP-HPLC method development and
validation of amlodipine and losartan in binary mbe. The chromatographic system

consisted of a LC-20AT VP series model chromatdgraguipped spin chrome
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software. The separation was achieved from a iIh&@i3S 3V Cg (150 X 4.6 mm,
5um) at ambient temperature with a mobile phase auntaa mixture mobile Phase-
A with 70% v/v of buffer pH-3.7 and 30%v/v of aceiile and mobile phase—B
containing 70% v/v of acetonitrile and 30% v/v afffer pH-3.7. The samples were
monitored at 237 nm for detection at a flow ratel & ml/min and the retention time
was about 5.13 and 11.11 mins. for Amlodipine armbdrtan respectively. The
calibration curve was linear over the concentratiange 1.25-7/g/ml and 12.5-
75ug/ml for Amlodipine and Losartan respectively. Tgreposed method is accurate

in the range of 99.95% - 100.133% recovery andigeec

Shaikh Anis*® performed the development of stability indicatingthod for
validation of losartan potassium and hydrochlomhde drugs in solid dosage form
by RP-HPLC chromatography was carried out omgaré&ersed-phase column using
a gradient system mixture of buffer and acetositnil different concentration with
time at a flow rate 1.0 ml/min. Detection was readl at 270nm using a UV detector.
Linearity was obtained in the concentration ranfy@5e65ug/ml and 8.75-16.25ug/ml
for losartan potassium and hydrochlorothiazidepeesvely. tailing factor is not more
than 2.0%. The Correlation coefficient for Losargamtassium is 0.99937 and for
Hydrochlorothiazide is 0.99967.

Srinivasa KR. et af° have developed reverse phase liquid chromatographic
method for the simultaneous determination of l@ampotassium and ramipril in
tablet dosage forms. A hypersil ODS C18, (4.6x258, & um) column in Isocratic
mode, with mobile phase acetonitrile: methanol: Mrtetra butyl ammonium
hydrogen sulphate in water in the ratio of 30:304@v/v was used. The flow rate
was 1.0 ml/min and effluent was monitored at 210 hhe retention times of losartan
potassium and ramipril were 4.7 and 3.3 min, repeyg. The linearity range for
losartan potassium and ramipril were in the ranf®.04-100ug/ml and 0.2-300
ug/ml, respectively. The proposed method was alfidatad and successfully applied
to the estimation of losartan potassium and ramipgombined tablet formulations.

Kumar GS et af' have developed and validated RP-HPLC method for
simultaneous estimation of atenolol and chlortiaalelin marketed formulations. This
determination was carried out on an Xterra RP8 (4306 mm, fum) column using a
mobile phase of KHPO, -methanol (50:50, pH 3.6) with flow rate 0.5 ml/naind UV
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detection at 240 nm. The retention time for Atehwalas 3.2min and chlorthalidone is
5.0 min. The linearity response at range of 50-1&(nl. The Correlation coefficient

for Atenolol and Chlorthalidone was 0.9996. The R8bDintra-day and inter-day was
found to be less than 2% and the % recoveriesrddgrom the 100.54-103.32% and
98.03-102.77% respectively.

Tengli AR et al’? hasdeveloped for the simultaneous estimation of lasart
atenelol and hydrochlorothiazide in tablet dosagenfand telmisartan as an internal
standard. Separation was achieved with an phenomena (CN 100R, 250x4.60
mm 5u) size column, ambient temperature with a poassure gradient mode with
mobile phase containing acetonitril, and 0.2% ofantinonium hydrogen
orthophosphate buffer pH 2.8 adjusted with orthgphoric acid (50:50). The flow
rate was 1 ml/min and eluent was monitored at 280The selected chromatographic
conditions were found to effectively separate Isgr atenolol and
hydrochlorothiazide with retention time of 6.0, Ja8d 4.0 min respectively. The
proposed method was found to be rectilinear overéimge of 25-150g/ml, 25-150
ug/ml and 6.25-37.50ug/ml for losartan, atenolol and hydrochlorothiazide
respectively. The proposed method was found todoerate, precise, reproducible
and specific and it can also be used for routireityucontrol analysis of these drugs

in biological samples either alone or in combinedrmmaceutical dosage forms.

Manoela RB. et af* havereported a method for the determination of losartan
associated with chlorthalidone or hydrochlorothi@zin capsules by capillary zone
electrophoresis using 50 mmol/l of sodium carbomaiéer with detection at 226 nm.
The experiments were carried out in a capillargtetghoresis system (model HP3d
CE, Agilent Technologies, Palo Alto, USA) equippeith a diode array detector set
at 226 nm, a temperature control device (maintaged5 °C) and acquisition and
treatment data software (HP ChemStation, rev AX)6.GBamples were hydro
dynamically injected (12.5 mbar, 5 s) and the ebtgttoretic system was operated
under normal polarity and constant voltage condgimf +20 kV. Fused-silica
capillaries coated with polyacrylate (Microtube,afaquara, Sdo Paulo, Brazil) 48.5
cm (40 cm effective length) © 75 um 1.D. * 375 punbQOwere used.

Bhimashankar HS. et af* have developed method for the simultaneous

determination of telmisartan and clorthalidone frphmrmaceutical formulation by
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reversed-phase high performance liquid chromatdyraphe separation was carried
out on C18 column using mobile phase consistingaaiixture of acetonitrile:

methanol and pH adjusted to 3.4 with orthophosghacid in the ratio (80:20 v/v).

The flow rate was maintained at 1 ml/min. The UMed&on was carried out at a
wavelength of 225 nm. The retention time for tebmian and clorthalidone was found
to be 3.1 min and 4.6 min respectively. Linear oese obtained for telmisartan was
in the concentration range 10-66/ml (r2 = 0.999) and clorthalidone in the range 10
50 ug/ml (r2 = 0.999). The relative standard deviatiorthe tablets was found less
than 2% for six replicates. The method was valdiaecording to the ICH guidelines

with respect to linearity, precision, accuracy,gedness and robustness.

Lastra OC et af® have reported development and validation of an UV
derivative spectrophotometric determination of Lrtesa potassium in tableta. study
was carried out of all the parameters establishgdJBP XXIV to validate an
analytical method and the spectrophotometric charngtics of Losartan potassium, a
signal at 234 nm of the first derivative spectrubd?234) was found adequate for
guantification. The linearity between signal 1D284d concentration of Losartan
potassium in the range of 4.00-6.00 mg/ml in agaesniutions presents a square
correlation coefficient (r2) of 0.9938. The meacawery percentage was 100.7+/-
1.1% and the precision expressed as relative stardkviation RSD is 0.88%. In
addition, the proposed method is simple, easy tolyagow-cost, does not use

polluting reagents and requires relatively inexpensstruments.

Kavitha J. et al®. developed and validated for the analysis of Ateholo
Hydrochlorothiazide and Losartan potassium in tabl®rmulation. Best
chromatographic resolution was achieved on a revghnsise phenomenex C18
column using acetonitrile: 50mM potassium dihydmogatho phosphate (pH 3.5)
ratio 50:50 as mobile phase with a flow rate of /bmm and isocratic elution with a
total run time of 14 minutes. Sulphadoxine was etk as internal standard. The
retention time of Atenolol, Hydrochlorothiazide, dartan potassium and Internal
Standard was found to be 5.550, 3.280, 7.370 ar@PT2espectively. Detection of

the multicompounds was carried out at 270nm.

Maggio RM. et al’” have reported multivariate approach for the sinmeltais

determination of losartan potassium and hydroctiweaide in a combined
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pharmaceutical tablet formulation The proceduresedaon the multivariate analysis
of spectral data in the 220-274 nm region by theigddeast squares algorithm, is
linear in the concentration range 1.06-5.70 mg#i_Lhfydrochlorothiazide and 4.0-22.2
mg/L for losartan. It is simple, rapid and robwlowing accurate and precise results,
with drug recovery rates of 99.3 and 100.4% andtired standard deviations of 1.7
and 1.0% obtained for hydrochlorothiazide and l@sarrespectively. The method

was applied to the simultaneous determination ¢f boalytes in tablets.

Baing MM. et al®® have developed method for the simultaneous detatinim
of losartan potassium, ramipril, and hydrochloratidle. The three drugs were
separated on a 150 mm x 4.6 mmund particle, Cosmosil {gcolumn. The mobile
phase was 0.028 sodium perchlorate—acetonitrile, 62:3&vj, containing 0.1%
heptanesulphonic acid, pH adjusted to 2.85 withaphosphoric acid, at a flow rate
of 1.0 ml/min. UV detection was performed at 215. fiitne method was validated for
linearity, accuracy, precision, and limit of quaatiion, linearity, accuracy, and
precision were acceptable in the ranges 3Bl for losartan, 1.75-3.23% /ml
for ramipril, and 8.75-16.2pg/ml for hydrochlorothiazide.

Ramya Gavini et af® have reported stability indicating RP-HPLC method f
the simultaneous estimation of amlodipine and tasain bulk drug and tablet dosage
formulations. The separation was achieved on thablEnGg G 150 mm X 4.6 mm,
5um analytical column with mobile phase comprising 00.005M
KH,PO4:Acetonitrile  pH 3(50:50v/v) at isocratic flow df.0 ml /min with UV
detection at 230nm. The retention time for amlau#pand losartan was found to be
4.3 and 6.7 min respectivelirhe linearity range for amlodipine was 0.125-0.75
pg/ml and 1.25- 7.g/ml for losartan potassium.

Gandhimathi M. et al’® have developed method fsimultaneous estimation
of losartan potassium and hydrochlorothiazide imisimation. The method employs
simultaneous equations to estimate these drugsethanol, losartan potassium and
hydrochlorothiazide showed maximum absorbance &t&& 270nm respectively.
Losartan potassium and hydrochlorothiazide obeyegrBLambert's law in the
concentration range from 2-2@/ml and 1-50mug/ml, respectively. The results of
analysis have been validated statistically andelopvery studies.
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Mohammed AS.et al’* have reported the validation of an isocratic HPLC
method for the assay of Losartan Potassium tabledsthe evaluation of the stability
of drug substance after stress test by photodiaday adetection. The HPLC
separation was achieved on a liquid chromatograregsipped with a 254 nm
detector and L1 (Hypersil BDS C18 4.6° 250 mm, 5)nmoolumn was used. A
mixture of ammonium dihydrogen phosphate bufferjo®land acetonitrile (65:35) as
a mobile phase, the flow rate is about 1.5 ml/n@mromatograph the Standard
preparation, and record the peak response as elirestder procedure: the tailing
factor for the analyte peak is not more than 3@ the relative standard deviation of

replicated injections is not more than 2%.

Lakshmi KS, et al> have developed high performance thin layer
chromatography method for the simultaneous detextion of losartan and
perindopril in tablet and Separation was carrietlauprecoated TLC plates, coated
with silica gel 60 F 254. The separation was dosmgia mobile phase toluene:
acetonitrile: formic acid (5:5:0.3 v/v/v). After delopment, the chromatoplates were
scanned at 215 nm. The Rf value of losartan anddgbspril was found to be 0.55 and
0.27 respectively. The results of the analysis Haeen validated statistically and by
recovery studies.

Parmar KE. et al”® have developed a densitometric method for the
simultaneous estimation of telmisartan and chlddbae in bulk and pharmaceutical
dosage form. In this method separation of drugs eesided out using acetonitrile:
toluene: glacial acetic acid (7.5: 2.5: 0.05 v/vég) mobile phase on precoated silica
gel 60F254 plates. The densitometric evaluatiospaits was carried out at 242 nm.
The Rf value for telmisartan and chlorthalidoneeviund to be 0.26 + 0.02 and 0.67
+ 0.02, respectively. The method was validated eastipe ICH guidelines. The drug
response was linear over the concentration ran@e2400 ng/spot (n=6) and 125-750
ng/spot (n=6) for telmisartan and chlorthalidonspezxtively. The limit of detection
and limit of quantitation were found to be 9.05 smpt and 27.42 ng/spot for
Telmisartan and 5.15 ng/spot and 15.6 ng/spot fborthalidone. The percentage
recovery of Telmisartan and Chlorthalidone was tbuo be 100.03 and 100.026
respectively. The % RSD values for intra-day preaistudy and inter-day precision
study were <1.0%, confirming that the method wdBcsently precise.
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Bhaumik C Patel* has developed and validated stability indicating
RP-HPLC method for quantitative determination of epalamaleate and losartan
potassium in tablet formulation. Here both peatksveell separated from its excipient
peaks and with total run time of 10 min, The RP-BBPdnalysis is carried out using
buffer-acetonitrile(60:40 v/v) pH4.5 adjusted WiPhosphoric acid as a mobile
phase and Hyperchrom phase C-18 BDS Hypersil co@B0mm x 4.6 mm id&m)
as stationary phase at 235nm and 1 mil/min flow. rEte retention time of enalapril
maleate and losartan lotassium was found to beD3ah8 5.420 minutes respectively.
Linearity was obtained in the concentration ranigg-o5 pg/ml and 25-75ug/ml with
% recoveries were found to be 98.47% — 100.68% @8d9% —-100.61% for
enalapril maleate and losartan potassium respéctidéOD were found to be
0.12Qug/ml and 0.60pg/ml at 235 nm for enalapril maleate and losartatagsium
respectively. LOD and LOQ for enalapril maleate i@snd to be 0.36wg/ml and
0.120 and for losartan potassium 1.88@%ml and 0.606 respectively. Stability method
shows that in stress conditions i.e. acidic, basxidation, thermal and photolytic,
comparison of % degradation of tablet dosage fdrarieg and its API is satisfactory
and less. As per ICH guidelines HPLC method forlagrd maleate and losartan

potassium was developed and validated.

Patel Al. et al® have reported RP-HPLC method for the simultaneous
estimation of losartan potassium and perindopbilerine in its tablet formulation. by
using HiQSil-C-18W ODS, (250 mm x 4.5 mm i.d.), & gcolumn and mobile phase
was ACN:water in proportion of 50:50 v/v, pH adpstto 3.2 + 0.1 with 1% o-
phosphoric acid. The flow rate was 1.0 Ml/min affthent was monitored at 210 nm.
The retention time of losartan potassium and pepnitderbumine were eluted at 6.7
min and 4.5 min respectively. The method was faanble linear in the range of 2-18
pg/ml for both the drug. The coefficient of varianfor both the drug was more than
0.999. The mean percentage recovery was found 8814® % for losartan potassium
and 97.50 % for perindopril erbumine. The limits g@iantification of losartan

potassium and perindopril erbumine were found t0.689ug/ml and 0.041pg/ml.

Venkata MR. et al’® have developed RP-HPLC method for the simultaneous
estimation of losartan potassium and perindopbuerine in pharmaceutical dosage

form. The mobile phase consisted of Acetonitrile: polydiegen phosphate buffer

ULTRA COLLEGE OF PHARMACY, MADURAI 46



CHAPTER 2 REVIEW OF LITERATURE

(0.1% trifluoroacetic acid is used as a peak shepdn the ratio of 40:60 delivered
at a flow rate of 0.8 ml/min and wavelength of @&t at 217 nm. The retention
times of were Losartan Potassium and Perindopbiiraine 5.87 min and 3.61 min
respectively. The method was found to be lineahenrange of 25-15@/ml and 1-6
ug/ml for losartan potassium and perindopril erbueniaspectively. The coefficient
of variance for both the drug was more than 0.99& proposed method can be used

for determination of these drugs in combined dodagas.

Mandal S. and coworker” have develop and validate RP-HPLC method for
the estimation of losartan and chlorthalidone imbmed dosage form by using
Phenomenex C18 column (250mm x 4.6 mm idm}j mobile phase is
acetonitrile:0.1% orthophosphoric acid in water p13(50:50v/v) with flow rate of
1.2 ml/min at 220nm. The retention time for chlafiione and losartan was 2.790
and 3.957 minutes respectively. The linearity walsudated in range of 1pg§/ml and
4-24ug/ml.

Acebrofylline and Acetylcysteine

Several analytical methods are reported indivigualbr acebrofylline and
acetylcysteine hydrochloride or for their combipatiwith other drugs, a few of
which are described below:

Bhagavati S. et al° have developed and validated a derivative speaipisc
method for estimation of acebrophylline in bulk atsddosage form & in presence of
impurity, ambroxol Hcl. The developed spectrophattio method is simple, rapid,
precise, accurate, reliable and economical. Mettapecific in presence of ambroxol
which is the impurity of acebrophylline. The methisdaccurate, precise and linear
over a range of 5-5@/ml for acebrophylline. The limit of detection walsserved as
0.178.g /ml, the limit of quantification was observed @598.g/ml. The %RSD is
less than 2% in methanol. Method accurately esématebrophylline in presence of
ambroxol with 99-100% recovery. The method can pplied for acebrophylline
tablet formulation with 99-100% recovery.

Ramanjaneyulu S. et d° have reported a simple, rapid, precise and accurate
isocratic RP- HPLC method for the determinationao&brophylline in commercial
tablets. The method has shown adequate separdtimcebrofylline. Separation was

achieved on Agilent XDB C18, 5um, 150 x 4.6 mm cdlumn using a mobile phase
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consisting of buffer (pH 3.0) and methanol in tlaia 70:30v/v at a flow rate of
0.8ml/min and UV detection at 273nm. The retentiore for acebrofylline was 2.788
and the run time was 8 minutes. Linearity of thepmsed method was investigated in
the range of 10-15Qg/ml (R2 =0.998) for acebrofylline. The limit of tetion
(LOD) was 0.3g/ml and the limit of quantification was 048§/ml. The %Recovery
values in between 98.0%-102.0% for accuracy studisate that the method can be

used for the estimation of acebrophylline in tadlet

Jignesh M. et af° have developed and validated a method for the
simultaneous estimation of acebrophylline and muohkést sodium by solving of
simultaneous equations (vierodt's method). Acebyllipe and montelukast Sodium
were found to have absorbance maxima at 313 an&i#respectively in methanol.
The method obeys Beer's law in the concentratiogeaof 20-140ug/ml (R2 =
0.9997) for acebrophylline and 1gg/ml (R2 = 0.9993) for montelukast sodium. The
LOD and LOQ were found to be 24§'ml and 7.4hg/ml for acebrophylline and
0.22.g/ml and 0.68g/ml for montelukast sodium respectively. The rexms of
acebrophylline and montelukast sodium were foundo@o99.57% and 100.78%

respectively showing accuracy of the method.

Acelino Cardoso de S& et & have reported determination of N-
acetylcysteine by cyclic voltammetry using modifiedrbon paste electrode with
copper nitroprusside adsorbed on the 3—aminopriipglsThe cyclic voltammogram
of CUNPSD were found to exhibit two redox couplethwEoe)1 = 0.34 V; ()2 =
0.76 Vvs. Ag/AgCl, KCl(sat) (KCI = 1.0 mol L-1; v = 20 mV-¥) attributed to the
redox processes Cu(l)/Cu(ll) and Fe(Il)(CN)SNO/REEN)S5NO respectively. The
linear range for the determination of N-acetylcystewas found between 9.9 x 10-5
and 8.9 x 10-4 mol/L showing a detection limit oft8 x 10-5 mol/L and an

amperometric sensitivity of 3.02 x 10-2 A/ mol/L.

Rim Haggag et af? have reported derivatization with 4-chloro-7-nigtd-,3-
benzoxadiazole for the spectrophotometric and mfféal pulse polarographic
determination of acetylcysteine and captopril; tiiethods were based on reacting the
drugs with 4-chloro-7-nitro-2,1,3-benzoxadiazolédyrcl) in the presence of sodium
tetraborate in absolute methanol. the yellow calgmeducts obtained were measured

spectrophotometrically at 417 and 420 nm for (id &), respectively and by
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differential pulse polarography at -872 and -100V (us. ag/agcl electrode) for
compounds (i) and (ii) after getting rid of excessised reagent by extraction with
ether. the different experimental parameters wetadied and optimized

spectrophotometrically.

Sravani T. et al®** have reported RP-HPLC method for the determination
acebrophylline in bulk and capsule dosage form. Ainex of acebrophyllline was
found to be 274 nm. An enable C18 (250x4.6mmunp column was used as a
stationary phase. Mobile phase consisting of a uméxtof acetonitrile and double
distilled water (70:30) pumped isocratically atlawf rate of 1mL/min at ambient
temperature. The retention time of acebrophyllinesviound to be 1.75 min. The
calibration curve was linear over a concentratiamgeof 5 to 50g/mL with
coefficient regression {r =0.9986. Percentage relative standard deviat@nevis
below 2.0 for intraday (n=3) and interday (n=3)qise@n. The percentage recovery
value (average 98.47 %) indicated the accuracheihtethod. The proposed method
has a short retention time of 1.75 min, which maltes method suitable for the

routine analysis of acebrophylline in bulk and eapsiosage form.

Kotkar TA. et al®® have developed and validated for the simultaneous
estimation of Acebrophylline and Montelukast Sodimnbulk and tablet dosage form
by Absorbance ratio method. The method involvedb&agption analysis based on
the measurement of absorbance at two wavelengthdmax of Acebrophylline
(310.6 nm) and Iso-absorptive point of both drug®8(6 nm) using methanol: water
(50:50v/v) as a solvent. The method obeys Beersitathe concentration range of
20-90 pug/ml (r2 = 0.999) for Acebrophylline and 2-1&/ml (r2 = 0.999) for
Montelukast sodium. The LOD and LOQ were found @dOtb71g/ml and 1.7hg/ml
for Acebrophylline and 1.7@¢/ml and 5.3dg/ml for Montelukast Sodium
respectively. The recovery of Acebrophylline andri#dukast Sodium were found to
be 99.61% and 99.48% respectively showing accuohdire method. The assay of
marketed tablet formulation (Montek- AB) was foutadbe 99.45% and 99.50% for
Acebrophylline and Montelukast Sodium respectivéijne method was validated
statistically as per ICH guidelines. The methodvetw good reproducibility and
recovery with % RSD less than 2.
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Heyden YV. et af° has reported RP-HPLC method for the determination o
both low endogenous and high therapeutic concémtisabf N-acetylcysteine (NAC)
in plasma. The compound was detected fluorimetyicafter derivatisation with
ortho-phthalaldehyde in the presence of a primamnna. Validation of the method
revealed injection and method repeatability weredgd he linear range was adequate
and the limit of quantification was between 0.4 ahé um. Recovery of N-
acetylcysteine from plasma samples was also adaepfhis method was applied to
plasma samples from patients with a clinical segticck who had received very high
doses of N-acetylcysteine. Six samples were takendiierent times after
administration of N-acetylcysteine. The blood-cartcation profiles obtained indicate
the method is suitable for following the evolutioh NAC in plasma under these

conditions and can therefore be used for pharmaetkiprofiling.

Aline FO. et aP® have reported reversed-phase liquid chromatogrépBy
method with UV detection was developed and valdiater the assay oiN-
acetylcysteine (NAC) in granules and effervescabtets. The method involved the
use of the same chromatographic conditions anddavamy derivatization step. The
separation was done using a reversed-phase col@nt8| as the stationary phase,
and a mixture of 0.05 M KHPO, and acetonitrile (95 : 5 v/v) containing 0.095% {jv/v
of phosphoric acid, as the mobile phase. UV deiaatias performed at 214 nm and a
linear response was observed over the concentragioge between 10 and 5@
mL™* of NAC. The method was revealed to be suitableveasi successfully validated
in accordance with the official guidelines for sifietty, linearity (r = 1), detection
and quantification limits (0.70 and 2.4 mL™), precision (RSD < 2%), accuracy
(recovery > 97%), and robustness (RSD < 4%). ThezefNAC can be assayed in
granules and effervescent tablets using the samwmenettographic conditions without

derivatization.

Toussaint B. et al’ have developed method for the simultaneous
determination of N-acetylcysteine and its pharma@pmpurities, cysteine, cystine,
N,N'-diacetylcystine and N,S-diacetylcysteine in effervescent tablet has been
developed. The method was based on on-line LC-UVdg a pneumatically-
assisted electrospray interface (ionspray). Thbilgtaof the thiol moieties of the

analytes was ensured by the acidic pH of the LCilmgihase. Quantitation of N-
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acetylcysteine was performed with UV detection tmid ion-source overloading
effect due to its higher concentration, whereasnipurities could be easily separated
and quantified in MS. The method was validated ermis of stability, linearity,

precision and accuracy.

Lu C. et al®® have reported LC-MS/MS method to determine total N
acetylcysteine in human plasma. Mass spectromeletection was achieved in
positive electro spray ionization and multiple te&at monitoring mode. The mass
transition pairs of N-acetylcysteine and the isettgbeled internal standard d3-N-
acetylcysteine were 164 122 and 167~ 123, respectively. The method was linear
over the range of 10-500tg/mL in human plasma. The adoption of trichloretac
acid significantly enhanced the extraction recovéte blank matrix was screened to
minimize the influence of endogenous N-acetylcyseiAfter being fully validated,
the method was successfully applied to the pharkiaetic and bioequivalent study
of N-acetylcysteine after oral administration o060ng tablets to 24 healthy Chinese

volunteers.

Shaikh S. et al° have reported the RP HPLC method for the analgsis
Acetylcysteine in wet cough syrup dosage form. @matdsystem was used with
mobile phase consisting of Acetonitrile and 0.05 pWlosphate buffer (pH was
adjusted to 3.0 + 0.05 by using ortho phosphond)aat a flow rate of 0.8 ml/min at
ambient temperature. Detection was carried outldn@. The retention time was
found to be at 4.6 minutes. Force degradation ssudiere carried out for acidic,
alkaline, oxidative, reductive and photolytic exps of the drug substance drug
product. The method was found to be specific foeticysteine and was able to
resolve the NAC peak from formulation excipientbeTcalibration curve was linear
over the concentration range of 400-6@mI(R=0.999). The proposed method was

applicable to routine analysis of Acetylcysteinevet cough syruplosage form.

Tyree HK. et af® carried outthe physical and chemical stabil ity of
repackaged acetylcysteine 600 mg/3 mL solution ial eyringes stored under
refrigeration or at room temperature for six mordinsl concluded that Repackaging
the solution in syringes in bulk rather than ingténdoses demonstrated a measurable

cost saving.
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Ercal N. et aP* have reportedensitive, rapid method for determining reduced
N-acetylcysteine (NAC) concentration in biologicamples, which uses a modified
reversed-phase high-performance liquid chromatdgragHPLC) technique in
conjunction with the derivatizing agent N-(1-pyr@nyaleimide (NPM). The NAC-
NPM adduct was analyzed by HPLC with fluorescenetection. The calibration
curve for NAC was linear over the range 8-2500 niMd ¢he coefficient of variation
obtained for the within-run precision and the betm#eun precision for 0.5 mM NAC
was 1.5% and 2.7%, respectively. Relative recovetyNAC from biological
materials ranged between 86% and 96% and the dihguantitation from biological
samples was 32 nM. These results suggest praczntages relative to other

widely-accepted methods of NAC measurement.

Wei W. et af? havedeveloped RP-HPLC method for simultaneous detection
and quantitation of total cysteine, glutathionemiogysteine and cysteinylglycine in
human plasma. The two key steps in the analysisretaction of disulfides and
treatment with 1-benzyl-2-chloropyridinium  bromidewhich rapidly and
guantitatively reacts with thiol groups to form ldta S-pyridinium derivatives with
intense UV absorption. The derivatives are wellasafed on a Zorbax SB C(18)
column using reversed-phase high-performance ligardmatography and monitored
at 315 nm. The calibration graphs were linear ax@ncentration ranges covering
most experimental and clinical cases with a regpassoefficients better than 0.999.
The detection and quantitation limits for all anaf/were 0.2 and 0.5 micromol/L,
respectively. The recoveries were 99.25-101.68%e Titra- and inter assay
precisions were 0.88-4.24 and 1.68-5.14%, respeygtiihe method was applied for
plasma samples donated by apparently healthy \exdusit

Baeyens W. et af have developed HPLC method by derivatization of
acetylcysteine with fluorescent reagent thiolytenwi®romine, here determination of
acetylcysteine is done by using aqueous acetic-amtbne mixtures with a
fluorescence detector installed at 380 nm and 4vi0as excitation and emission
wavelengths, respectively. Penicillamine is usedrafmternal standard, and cysteine

and homocysteine can be determined with the sasteray

Glowacki R. et al® reported the new, sensitive, repeatable, and rdtight

performance liquid chromatography assay methodHherdetermination of totd\-
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acetylcysteine, cysteine, cysteinylglycine, gluiatle, and homocysteine in human
plasma. The thiol concentrations were measured gugimecolumn specific
derivatization with 2-chloro-1-methylquinoliniumttafluoroborate, followed by high
performance liquid chromatographic reversed phaseparation with
spectrophotometric detection. The oxidized andginobound forms of thiols were
converted into their reduced forms employing a o#ga agent tris(2-
carboxyethyl)phosphine. The chromatographic sejparatvas accomplished in
12.5 min; the within run and between run impreciswere all less than 10%. The
elution profile was as follows: 0—4 min, 11% B; 4m#, 11-30% B; 8-12 min, 30—
11% B. The calibration graphs, obtained with the asnormal plasma spiked with
growing amounts of analytes, were linear over tbhecentration ranges, covering
most experimental and clinical cases (1-32 uM fambcysteine and glutathione, 1—
320 uM for N-acetylcysteine and cysteine, and 1gBtfor cysteinylglycine). For all
analytes, recoveries between 91.2 and 108.6%, eeserved

Paraskevas D. et 8F proposed HPLC method for the determination of N-
acetylcysteine (NAC) in pharmaceutical formulatiom$ere analyte was separated
from the samples matrix using a 100% aqueonsbile phase [0.05% v/v
CH3COOH+1 mmol/L ethylenediaminetetraacetic acid (EDTi# water] and a
suitable analytical column (Prevadversed phaseolumn). Detection was carried out
at 285nm after on-line post-column derivatizatiB&D) with methyl-propiolate (MP)
in alkaline medium. Method development included hbathromatographic and
reaction parameters, while validation was basednternational recommendations.
The developed analytical scheme excludes the usegahic modifiers from all steps
of pretreatment/analysis and offers adequate feggafemerit for thequality control

(assay and content uniformity) of NAC-containingnhollations.

Ogwu V. et af® have developed simple colorimetric method for the
simultaneous determination and to distinguish betw-acetylcysteine and cysteine.
This method is based on the use of the enzyme s&ylahich hydrolyzes N-
acetylcysteine to cysteine. Cysteine is subsequemtéasured with a specific
colorimetric procedure. Unhydrolyzed N-acetylcyséei gives only a weak

colorimetric response (11.5% that for cysteineferafiydrolysis, however, the two are
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equivalent. Hence, N-acetylcysteine can be distsimd by the enhanced response

after hydrolysis.

Saraswathi D. et al’ has developed two methods for the estimation of
acebrofylline in bulk and pharmaceutical formulagoIn first method A is based on
formation of red colored chromogen with ferric ainde in the presence of 1,10-
phenanthroline and it obeys beer's law in the caingBon ranging from 10—6@/ml
and exhibiting maximum absorption at 510nm. Whilsécond method B is based on
formation of bluish green colored chromogen withriéechloride in the presence of
potassium ferricyanide and it obeys beer's lawh& doncentration ranging from 5—
40ug/ml and exhibiting maximum absorption at 765nmedé methods have been

statistically validated and are found to be preeiseé accurate.

Mohit DB. et aP® have reported a method for the Determination of
acebrophylline in capsule by using RP-HPLC methaith WV-Spectrophotometric
detector at 240nm. Standards for calibration gregtyging from 200 to 600 pg/ml
from stock solution. The method was accurate wigh7% recovery value and
précised with RSD 0.902. A reverse phase HPLC naethith C18 column with
ammonium ortho-phosphate (0.01M) acetonitrile-meth#65:25:10) (pH-7) mobile

phase was used and UV-detector was set to 240nm.

Sam Solomon WDet al®®

have developeHPTLC method for the estimation
of Acebrophylline in Pharmaceutical formulation.tins method standard and sample
solutions of Acebrophylline were applied on preteda6 x 10 silica gel 60F254 TLC
plate, and developed using chloroform: isopropatwlene (8: 1: 1 v/v), as mobile
phase. A Camag HPTLC system comprising of Camagnat -5-applicator, Camag
twin trough chamber, Camag TLC-3 scanner was usethé analysis. The drugs on
the plate were scanned at 254 nm. The dynamicritggange was 11%l, 214, 3ival,
4lvil & 51v4 (1000-5000ng/spot) for Acebrophyllin@he method was validated for

precision, accuracy and recovery.
Atovaquone and Proguanil

Literature survey revealed a number of methods)gusarious analytical techniques

for atovaquone and proguanil. A few of them are tioeed below:
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Vijay SV. et a'® have developed method for the Simultaneous Detetioh
of Atovaquone and Proguanil Hydrochloride in Tab@bsage Form by High
Performance Liquid Chromatography. The chromatdgmapseparation was
performed on Supelcosil C8, DB 250 x 4.6 mmurh particle size. Mobile phase
consisted of a mixture of ammonium formate buffé® (mnM HCOONH4, pH
adjusted to 3.5 using formic acid) and aceton#miethanol (90:10 v/v) in the ratio of
30:70 v/v at a flow rate of 1.0 mL/min. The wavején was set at 254 nm. The
proposed method was validated for linearity, accyrarecision, LOD and LOQ. The
calibration was linear over the range of 125-3i@dmL for atovaquone and 50-150
ug/mL for proguanil hydrochloride. The retention ésmwere found as 4.2 min for
proguanil hydrochloride and 8.3 min for atovaquort@s method can be successfully
employed for simultaneous quantitative analysis abbvaquone and proguanil

hydrochloride in bulk drugs and formulations.

Adewuyi GO. et af® have reported derivatized HPLC method for
determination of proguanil  after derivatisation ttwisodium benzoxazole-2
sulphonate. Proguanil was derivatised to its cpoeding derivative [(N1-(4-
chlorophenyl)-N5-(1-methyl ethyl) imidocarbonimice@e-N-benzoxazole]. The
derivatisation reaction was conducted in methan6DaC using sodium benzoxazole-
2-sulphonate under alkaline conditions. The resgltierivative was extracted with
chloroform after which the extract was observedeundV lamp at 254 nm before
TLC and HPLC analysis.

Viplava K. et al*®* have developed and validated a method for detetinina
of Atovaquone in API. Atovagquone was found to bgrdded under different set of
conditions as followed according to ICH guidelireasd the degradants so formed
along with Atovaquone are separated by using Theddypersil BDS C18,
250mmx4.6mmxpm column using Buffer: Acetonitrile (20:80) as miebphase,
with a flow rate of 1.5ml/min with a detection wéasegth of 283nm with a injection
volume of 2@l. The method was validated for specificity, linggr accuracy,

robustness, and precision.

Sahoo Set al'® have developed RP-HPLC procedure for the estimaifon
proguanil and atovaquone in tablet dosage formdi@éna separation was achieved

using YMC Pack Pro, C8, 150"4.6mmy Solumn with a flow rate of 2.0 ml/min
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using UV detection at 254nm. The mobile phase Asisted of water (pH 2.0) and
mobile phase B consisted of acetonitrile: methanolthe ratio 50:50 v/v. The
retention times of proguanil and atovaguone wereutb6.0 and 12.0 min.
respectively. The method was statistically validatier linearity, accuracy and
precision. The linearity of proguanil and atovagei@mows a correlation coefficient

of 0.999 and 0.999. The method was reproducible inira and inter-day variations.

Varsha HC. et al® have reported A very simple and selective UV method
was developed and validated for the estimationte¥aguone in pure form and the
nanosuspension. The adequate drug solubility anxinmien assay sensitivity was
found in 8.00pH IPA Phosphate Buffer in 40:60 ratidv. The absorbances were
measured at themax. of 494 nm in the wavelength range of 200-800 fhe linear
calibration range was found to be 20-149ml. The same method was applied and

validated for the determination of atovaquone ingsaspensions.

Kalpesh NP. et at’® have developed UV spectrophotometric method fer th
estimation of atovaquone in bulk and tablet doségen. A solution of drug in
methanol showed maximum absorbance at a wavelef@hlnm. The Beer's law is
obeyed in the concentration range of 1pf@mL of the drug. The slope and intercept
values are 0.111 and 0.012, respectively. Restiisalysis of this method have been
validated statically and by recovery studies. Trethod was applied to the marketed
tablet formulation. A result of the analysis ofletlformulation, given as a percentage
of label claim + standard deviation, is 99.14 +6).6he precision and accuracy has

been examined by performing recovery studies andddo be 100.09 £ 1.14.

Benjamin UE. et af®

have developed new simple, sensitive, cost-effecti
and reproducible high performance liquid chromaapgic (HPLC) method for the
determination of proguanil (PG) and its metabolitegcloguanil (CG) and 4-
chlorophenylbiguanide (4-CPB) in urine and plasmadescribed. The extraction
procedure was a simple three-step process thatlimagated the need for costly
extraction and evaporation equipment. The mobilesphconsisted largely of buffer,
making the method cheap to run. The calibrationtsplwvere linear over the
concentration range up to 3u@/ml PG, CG and 4-CPB in urine and concentration
range up to 1000 ng/ml in plasma. The correlatefficients (r) were of the order of

0.99 and above for PG and 4-CPB and 0.98 for C@®.idh pair method was carried
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out on a fu reversed-phase C-18 column, using perchloratasaime counter ion and
ultra violet detection at 254 nm. The method wgwsaducible with coefficient of

variation for PG, CG and 4-CPB, being less than 10%rine and plasma. PG was
well resolved from its metabolites, CG and 4-CPBd a&he internal standard,
pyrimethamine. The limit of detection of PG was dgfml and the recovery was

greater than 90% in urine and plasma.

Bergquist Y. et al%’

have developed an improved and validated method for
the determination of proguanil, cycloguanil, andMerophenylbiguanide in plasma,
whole blood, and urine using solid-phase extrac{®RE) technique and reversed-
phase high-performance liquid chromatography (HPLTO)e HPLC method uses
isocratic elution with acetonitrile:phosphate buff@l mol/l, pH 2.6 (21.5:78.5
vol/vol) at a flow rate of 1.0 ml/min for the seption. The recovery of proguanil and
metabolites ranged from 82% to 104%. The limit efedmination was 20 nmol/l for
proguanil and its metabolites in plasma and appmaiely 50 nmol/l for proguanil

and metabolites in whole blood.

Lindegardh N. et al'® have reported bioanalytical method for the
simultaneous quantitative analysis of the highpypjfihilic atovaquone and the strong
basic proguanil with metabolites in plasma. Thegdrwere extracted from protein
precipitated plasma samples on a novel mixed-madid-ghase extraction (SPE)
column containing carboxypropyl and octyl silicafasctional groups. The analytes
were further separated and quantitated using @ spelient liquid chromatographic
method on a Zorbax SB-CN column with UV detectio2456 nm.

Prasada Rao. M et al'® have reported UPLC-UV methodised for a
guantitative estimation of Atovaquone (AQ) in Rdagma using 2,3-diphenyl-1-
indenone (AQIS) as an internal standard (IS). Clatographic separation was
performed on Waters AcquityPLC BEH C18, 2.1 x 50 mm, 1 column with an
isocratic mobile phase composed of 0.1% formic aaidethanol (20:80 v/v), at a
flow-rate of 0.2 mL/min AQ and AQIS were detectedhwwvaters TUV detector at
UV wave length 277 (nm). Liquid-liquid extraction methwas used and validated
over a linear concentration range 60.0-10000.0 ng/ mL with a correlation
coefficient of (r2)> 0.9981. The lower limit of quantification (LOQ)imit of
detection (LOD) was found as 50.0ng/ml and 100ngéspectively. Intra and inter-
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day precision within 1.0 to 8.&nd 1.9 to 4.3 % and accuracy within 101.0 to 107.5
and 103.9 to 104.7 % for AQ. Drug found to be stabioughout three freeze-thaw
cycles. This method was successfully applied inggharmacokinetic study of rats

through i.v administratian

Silpa Kala E. et al**°have developed UV spectrophotometric methods for th
determination of atovaquone in suspension. Methods Asimple and direct UV
spectrophotometric method and is based on detetiminaf atovaquone in methanol
and acetate buffer in the ratio 70:30 at 277nm.h@@tB is first order derivative
spectrophotometric method and involved in the esiion of atovaquone in same
solvent mixture using the first-order derivativetirique at 267nm as maxima and
297nm as minima. Calibration curve was preparedplntting the absorbance
difference between maxima and minima versus coraigon. Linearity was obtained
in the concentration range of 2ii@ml for both the methods. These methods were
successfully applied to pharmaceutical formulatithesause no interferences from
formulation excipients were found. The suitabiliof these methods for the

guantitative determination of Atovaquone was probgdalidation.

GoswamiD. et af** have developed LC—APCI mass spectrometric method
for human plasma determination of atovaquone ukipgchol internal standard. A
single-step protein precipitation technique for spta extraction of atovaquone
achieving mean recovery of 94.17% (CV 8%) withaunpromising sensitivity (limit
of quantitation 50.8ng/mL) or linearity (50.8)ng/mL—23924.61ng/mL) is
delineated in this paper. Heated nebulizer in neganultiple reaction monitoring
mode was employed with transitiongz 365.2— m/z 337.1 andn/z 240.9— m/z
185.7 for atovaquone and lapachol respectively his tiquid chromatographic—
tandem mass spectrometric method. Excellent chagregphic separation on a
synergi 4 Polar-RP 80A (150 x 2[0mm) column, using 100uL of plasma
extraction volume along with 1QuL of injection load, completing analysis run-time
within 2.57min, highlights this simple yet unique bioanalytingethod.

Nandini RP. et al**? has reported RP-HPLC method for determination of
proguanil hydrochloridel in tablet dosage formwiatiProguanil hydrochloride was
found to be degraded under different set of comwlitias followed according to ICH

guidelines and the degradants so formed along mitiguanil hydrochloride were
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separated using Kromasil C18, 150 mm x 4.6 mm >und column using
buffer:methanol (45 : 55) as mobile phase, witHoavfrate of 1.2 ml/min with a
detection wavelength of 254 nm with injection vokiraf 20 ul. The method was
validated for specificity, linearity, accuracy, iness, and precision.

Julius OS. et al**?, have reported RP-HPLC method to quantitate plasm
levels of proguanil(PGN) and its active metabolitgcloguanil (CGN) in order to
conduct single dose pharmacokinetic studies. Thg dnd the internal standard were
added to plasma samples, vortexed and renderetinalkaith 2 M NaoH and the
samples extracted with ether, evaporated to dryardghe residue was reconstituted
in methanol, where mixed before injecting an aliganto the HPLC system. The
calibration plots were linear over the concentratrange up to 4.Qug /ml. The
correlation coefficients (r) were of the order 0®® and above for both PGN and
CGN. The ion pair method was carried out oniarBverse phase C-18 column, using
perchlorate ion as the counter ion and ultra videtection at 254nm. The method
was reproducible with coefficient of variation BGN and CGN, being less than 4.0
%. PGN was well resolved from its active metabpl@&N, and the internal standard,
pyrimethamine. The limit of detection of PGN was i@ /ml and the recovery was
greater than 95% in plasma. The analytical methedefore, exhibits good precision
and sensitivity in detecting and quantifying PGNda@GN and has been
demonstrated to be suitable for the pharmacokirsttidies of proguanil. The clinical
applicability of the method was assessed by thinpirery pharmacokinetic study of
PGN and CGN, in fifteen healthy Volunteers. Theviao study was carried out

according to a single dose randomized design.

Lindegardh N. et al*'*reported bioanalytical method for the determinatién
atovaquone in 10Ql blood-spots by solid-phase extraction and higtigpenance
liquid chromatography. Atovaguone was extractedhftbe sampling paper in 0.2M
phosphoric acid and a structurally similar interretandard was added with
acetonitrile before being loaded onto a C8 end-edmwlid-phase extraction column.
Atovaquone and internal standard were analysed igh-erformance liquid
chromatography on a g J'Sphere ODS-M80 (150%4.0 mm) column with mobile
phase acetonitrile—phosphate buffer, 0.01M, pH(8335, v/v) and UV detection at
277 nm. The intra-assay precision was 2.7% at 1200@nd 13.5% at 1.00m. The
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inter-assay precision was 3.3% at 12ud® and 15.6% at 1.00m. The lower limit of

guantification was 1.0@m. The limit of detection was 0.50n

Khagga BV. et al**® have reported RP-UPLC method for the simultaneous
determination of proguanil and Atovaquone in cormabon. The separation was
carried out using a mobile phase consisting of %.@®&rchloric acid and Acetonitrile.
The column used is extended C18 (50 x 3.0 mm,uin® using flow rate of 0.8
ml/min using UV detection at 257nm. The total rimd is 6 min and the retention
time of proguanil and Atovaquone is 1.6 min andr8if respectively. The described
method is linear for the assay of proguanil andvAtuone over a concentration
range of 2.5-2Qug/ml and 6.25-5Qug/ml respectively. Results of the analysis have
been validated statistically and by recovery studiEhe limit of quantitation for
proguanil and Atovaquone has been found to be @ @gtl and 0.126pg/ml
respectively. The results of the studies showettheproposed RP-UPLC method is
simple, rapid, precise, and accurate, which isuldef the routine determination of

proguanil and Atovaquone in bulk drug and its pheceutical dosage form.

Patil SD. et af*® has developed RP-HPLC method for the estimation of
atovaquone and proguanil in tablet dosage formafadipn was achived on an Inertsil
(ODS) 250x4.6mm, particle sizeu®, C18 column using isocratic composition of
methanol as mobile phase A and 0.02M phosphateba$f mobile phase B in ratio
of 80:20 at a flow rate of 1ml/min with detection2&0 nm. The retention times of the
ATV and PRO was about 10.62 and 3.83 min. respagtivhe detector response is
linear from 50-35Qg/ml and 20-12@g/ml of test concentration for atovaquone and
proguanil respectively. The method was validated determining its linearity,
accuracy and precision. The proposed method is Isjnfpst, sensitive, linear,
accurate, rugged and precise hence can be appliedutine quality control in bulk

and in tablet dosage form.

Lawsone and p-phenylenediamine, L-dopa

Many analytical methods are reported for the irdiral estimation of lawsone or p-
phemylenediamine or L-dopa, or their combinatiothwather herbal actives. From
the literature survey it was observed that HPLC wees most common method
employed for analysis and very few reports are |abks for the estimation of
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lawsone, p-phenylenediamine L-dopa using HPTLCew bf the reported methods

are mentioned below:

M. S. Karawya et al'’., isolated lawsone from the specleswsonia inermis
by maceration and percolation with saturated sodibimarbonate solution,
acidification with dilute hydrochloric acid and sessive extraction with chloroform
and estimated the percentage content of lawsongirbgt colorimetric method and

colorimetric TLC method with

Stationary phase : Silica gel G-Aluminium oxidelates
Mobile phase : Ethyl acetate: Methandl:Ammonium hydroxide
60 15 5

Lawsone content was found to be 0.6% by this method

Johan G. van Damme et af®, reported three methods for the fluorescence

assay of hydroxynaphthoquinones.

Method 1 It is based on the prior sodium dithionite reductamd determination
of the fluorophore in butyl acetate and is appliedab all hydroxy naphthoquinones.

Method 21t involves warm reduction with stannous chloridean acid medium
and determination of the fluorophore in chlorofoand is specific for 5-hydroxy
naphthoquinones (Eg. Juglone).

Method 31t is based on the reaction of Guilbault and Kramued is applicable
for hydroxynaphthoquinones having both free quindnpositions like 5-hydroxy
naphthoquinones and 5,8-dihydroxynaphthoquinones.

A. Lobstein et af'*®., developed and validated an RP-HPLC method for the
guantitative determination of 2-hydroxy 1,4-naplgghimone (lawsone) and its
methylated derivative in the flowers of Impatiengg&andulifere (Balsamaceae)
collected between July and August and found odutlthglandulifera has the maximal
content of 0.8-1.1% which is 2.5-37 times higherelethat the three other species
compared with.

Renee Jelly et df°, used lawsone (2-hydroxy 1,4-naphthoquinone) as a
novel reagent for the detection of latent fingerrkmaon paper surfaces. The
fingermarks vyield purple-brown impressions whiche aalso photoluminescent.
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Lawsone represents the first in a completely neas<lof fingermark detection

reagent.

Jallad K. N. et af**%,, evaluated a number of spectroscopic techniques inse
identifying and quantifying the presence of leadwelve commercial and traditional
henna samples. The lead levels found in henna leeravith concentration ranging
from 2.29 ppm to 65.98 ppm.

Hao Wu et af?, conducted spectrophotometric determination ofirzsl
base on charge-transfer reaction and the molemtaractions between aniline, p-
toluidines, benzidine and p-phenylenediamine a<trele donors and 7,7,8,8-
tetracyano quinodimethane as acceptor have beestigated. These methods were
applied successfully for the determination of thedeed compounds in waste water
and relative standard deviation of the methods we&30 % and percentage

recoveries ranged from 97.22 to 102.78%.

M. T. Galceran et al®®, carried out the determination of hydroxy polycgcli
aromatic hydrocarbons by LC-MS and compared theo&pheric Pressure Chemical
lonization and Electrospray. LC-MS detection limigsgnal to noise ratio 3:1) were
determined for APCI and ESP in both ionization nsydanging from 1.5- 35 pg/ml
for ESP and from 0.3 -50 pg/ml for APCI.

H. E. Cox*** worked on the chemistry and anlaysis of hennaaaf diyes and
reported about the chemical constituents of hemaacaemical reaction of Lawson.
He also determined lawsone in crude drug and imddrair dyes by titrimetry and
colorimetry. The percentage content of lawson&&s¢ of henna powders were found
to be 1.21, 1.23 &1.08.

Petr Babula et al®, worked on the simulataneous analysis of 1,4-
naphthoquinone, lawsone, juglone and plumbagiBionaea muscipula by HPLC-
DAD technique using 0.1 mol*lacetic acid : methanol in the ratio 35:65 as the
mobile phase with the flow rate of 0.8 ml/min amunperature of 40°C and auto
sampler injection volume of 0.5 pl. It was reportbdt the recoveries of determined
naphthoquinones were from 96-104 %. Linearity isamied in the concentration

ranging from 1.7 to 25 pg/ml.
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El-Shaer NS et al?®, quantitatively evaluated the lawsone content i@ th
phenolic-chloroform soluble fraction of eight commeial henna powders and two
collected henna leaves by HPTLC. The examined smsnphowed considerable
variation in lawsone concentration ranging from0d-®.608 wt% along with other

pigments indicating that some samples were alm®sgbid of lawsone.

B. M. Badri et al*?”., worked on the dyeing of wool and nylon 6.6 witmha
extract and lawsone and employed HPLC techniquédetermine the percentage
content of lawsone and reported it to be 0.5 %aleith a high proportion of another

colourant.

Lin Zhang et al*?®

., analysed the five monocyclic aromatic amines |ike
toluidine, aniline, 3,4-dimethyl aniline, N-ethy#pluidine and p-phenylenediamine
using HPLC with pre-column fluorescence derivaisatby a novel reagent 2(9-
Carbazole)-ethyl-chloroformate. This results in royed peak shapes without the
addition of any competition amines, good quantr&precision with high tolerance of
the matrix of samples.

Brancaccio RR et at’®, performed HPLC for the identification and
qguantification of p-phenylenediamine(which developntact allergy) in various
commercially available henna powders, hair dye pectsl and black henna tattoo
mixtures. This study demonstrated that p-phenylemeidte was present in the black
henna tattoo mixture at a concentration of 15.7 Bfckvis significantly higher than

the commercial hair dye preparations.

Yashiaki Ikarashi et al**°,, determined p-phenylenediamine and related anti-
oxidants in rubber boots by HPLC with UV-VIS detacusing methanol : water
(85:15) as the mobile phase. The adopted flow ®t&.0 ml/min with column

temperature of 35°C and detection at 290 nm.

B. H. Shao et a®., employed RP-HPLC method for the quantitative
determination of p-phenylenediamine, p-aminophenshminophenol, resorcinol &
2,6-diamino pyridine in two types of commercial @aiion hair dyes using p-

Bondapak G column with methanol : aqueous solution containiad %
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triethylamine and 0.02 mol/litre ammonium acetatefp 5.20) in the ratio of 10:90

v/v as the mobile phase.

Maria Luisa Di Gioiaa et al**2, performed GC-MS technique for the
determination of p-phenylenediamine in hair dyeaeratonverting it into an imine
derivative by treatment with benzaldehyde in SIMdewolt involves the use of N-
benzylidene-4-methylbenzeneamine as the interaldstd. The calibration curves
for p-phenylenediamine in hair dyes are linear with.1+25 mg/ml with 0.99 as
correlation co-efficient. This allows the estimatiof concentration levels of p-PD

upto 0.05 mg/ml.

Natalia A. Penner et al*3, carried out the simulataneous determination of
dihydroxy benzenes (pyrocatechol, resorcinol, hgdneone), aminophenols (o-, m-
& p-aminophenols) and p-phenylenediamines in thiferent hair dyes by HPLC on
hypercross-linked polystyrene. The influence of asapon parameters such as
concentration of acetonitrile, buffer(citrate, ppbate) concentration, ionic strength
and pH of the eluent on their retention were ams@stigated. The detection limits on
these compounds are in the range in 0.05 — 0.1@lug/

L J Marton et al*®

., developed an automated micromethod for the
guantitative analysis of diamines and polyaminesbiological fluids utilising a

sensitive high pressure liquid chromatographic pdoce.

Kang 1J et al*®*, quantified p-phenylenediamine and heavy metalsh suc
nicket, cobalt, chromium, lead and mercury in &ftehenna dye samples available in
Korea by HPLC, AAS, mercury analyzer and ICP emissspectroscopy. p-PD,
nickel and cobalt were detected in 3, 11 & 4 saspispectively.

N Seiler et at*®, carried out the determination of diamines and @oiines by
HPLC separation of their 5-dimethyl aminonaphthatérsulfonyl derivatives using
Lichrosorb RP-8 reverse phase column and a methanehter gradient elution
program. The separation can be achieved within #utes and it can determine
routinely even in picomole quantities of the naltwalia and polyamines in tissues and
body fluids.
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M. C. Garrigos et af**”., employed HPLC method with UV detection for the
determination of aromatic amines released afteuat®ee cleavage of the azo
colourants mostly used in toys. Sodium dithiong#geused as the reducing agent. The
expected aromatic amines forming azo colourant® wletected, and in the presence
of a nitro group, a further reduction was observidt yield of total reduction process
was determined by using standard addition of differguantities of amines to the

colourants.

V. Anridsano et al*®, analysed the basic hair dyes by HPLC with on-line
post-column photochemical derivatisation and thisabded the unambiguous
identification of both commonly used, approved dahned basic hair dyes. This
method was found to have high sensitivity so thatan determine the analytes

present even in low concentration of 0.03 % in clexpommercial formulations.

Rodrigues SV et at*®, determined the solubility of 1,4-naphthoquinone,
plumbagin, lawsone and juglone in supercritical boar dioxide by UV/Vis
spectroscopy at a temperature of 40C and a presamge of 8-18 MPa. The
solubilities at 12 MPa were between 0.3 and 10 lnes/

Carlos Frontana et al’., worked on the effects of molecular structure an th
electrochemical properties of naturally occurringdtoxyquinones (2-hydroxy 1,4-
naphthoquinone, Perezone, Horminone & 7-o0-methyl naCgtone). The
electrochemical study reveals the reduction meshanbccurring at the first
volatmmetric reduction signal which is determingtlioe presence of self-protonation
reactions. As during the self-protonation processygortant amount of deprotonated
quinine is produced, the spectroelectrochemicallystat a potential region at the
second reduction process showed well resolved F#trs, corresponding to the

dianion radical structures originated from the aun of the deprotonated anions.

Archana PR. et af*! have reported HPTLC method for the quantificatdn
L-DOPA obtained from the seeds of muccna. L-DOPpasated on precoated silica
gel 60 GF;54HPTLC plates using a solvent system of n-butanetie@acid-water
(4:1:1, viv) as the mobile phase at 280 nm. Lingawias found in the concentration
range of 100 to 1000 ng/spot with the correlatioefficient value of 0.9980. The

method was validated for accuracy, precision ampeatability. Mean recovery was
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100.89%. The LOD and LOQ for L-DOPA determinatioeres found to be 3.41
ng/spot and 10.35 ng/spot respectively.

Gulendem G. et al*? have developed a new TLC method for separation and
guantitation method for L-tyrosine and L-Dopa mnetuThe minimum tyrosine and
Dopa quantities which can be measured by this tqabnare 0.7 and 1.5 pg
respectively. The method may be used to measurekihetic parameters of
polyphenoloxidase as well as to trace the enzynedyz&d conversion of L-tyrosine
into L-Dopa. For a set of 20 measurements the maxirdifference between any two
measurements of spot areas was found to be 3 mib%)4or L-Dopa (4 ng) and
2mm?2 (5.6%) for L-tyrosine (1jug).

Raman M. et at*®

have developed HPLC method for the quantificatbn
levodopa in methanolic extract Wfucuna utilis. The method separation was carried
out on a Eurosphere C18, 2X04.0 mm, 5'm particle size column, using methanol
and 0.5% v/v acetic acid in the ratio of 70:30 @& the mobile phase. Detection
wavelength selected was 284 nm. The method wadatall in terms of linearity,
precision (inter and intra day), accuracy, Limit Détection (LOD) and Limit of
Quantitation (LOQ). The proposed HPLC method wamibto be precise, specific,
accurate and can be used for the identification @unantitative determination of

levodopa in herbal extracts.

Mohan MR., et al*** have reported quantification of L-dopa by TLC. The
amount of L-DOPA, lupeol andg-sitosterol quantified from the leaves ©f
phlomidiswere 0.06806, 0.01733 and 0.06324 % w/w, respégtive.C procedure
used effectively for identity, quality evaluatios well as quantitative determination L
DOPA and its derived products.

Paresh BS. et df*” have developed a spectrofluorimetric analysis obba in
Mucuna pruriens seed extract and its formulatiofise excitation and emission
wavelength were found to be 282 and 630 nm resfdgtin 0.1 N formic acid. The
relationship between the concentration (ng/ml) ofddpa and corresponding
fluorescence intensity (FI) was found to be lineathe range of 30-800 ng/ml. The
method was validated for precision (inter and ihdrg, repeatability, and accuracy.

Mean recovery was 99.94%. The relative standardaties (RSD) values of the
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precision were found to be in the range 0.58-0.95k& proposed method was found
to be precise, specific and accurate and can klkfasédentification and quantitative

determination of L-dopa in herbal extract and asrfulations.
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3.AIMS & OBJECTIVE

The concept of drug treatment, which was eartigght drug for right
person”is now changing frortiright dose for the right person'to “right time of the

dose for the right person”

As with time the concept of drug treatment haswag®nged continuously and
nowadays similarly a drug treatment is also charfgath the mono drug therapy to
the multi component drug therapy and hence todaysket is flooded with the

combination of drugs in the various dosage forms.

The multicomponent drug therapy has gained aflatnportance nowadays,
due to greater patient acceptability, increaseermmt, multiple actions, fewer side

effects and quicker relief.

The contributions of herbal products to the fiefdnedicines after 1950 have
been outstanding. The herbal plants have enormmusnercial potentials throughout
the world. In addition, they are also the sourcelmical intermediate needed for
the production of some drugs. Hence there is gleatand for the plant derived

product in the developed country.

It is fact that analysis of single drug formulaisois quite easy as compared to
multicomponent drug formulations having more thae adrug components either by
UV-visible spectrophotometry as well as HPLC andTHE method. The analysis of
such multicomponent formulation is generally timensuming and tedious due to
interferences from the excipients and also duat¢omplete extractions. Therefore it
is very essential to develop simple, rapid and eteunstrumental methods like UV
spectrophotometry and very sensitve HPLC and HPTh@thods for the

multicomponent drug formulations in the markets.

Drug combinations recently introduced into the kegrwere selected for the
analytical method development and validation by 8péctrophotometric, HPLC and
HPTLC methods. A thorough survey of literature w=ded that the selected
combinations were not official in any of the phaomaoeias and so far, no efficient
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analytical methods are available for the simultaiIseaetermination in their
combinations. There are only few methods availédnlesingle drug and combination
with other drugs but no method available for thdinestion of the selected
combination dosage forms by RP-HPLC, HPTLC and Upec&ophotometry;
moreover, many of them suffer from one disadvantagehe other, such as low

sensitivity, lack of selectivity and simplicity.

So, an attempt is made in this research to deweel@pid, economical method
for the simultaneous estimation of the selectedldpations and also validation of

new analytical methods according to ICH norms.

Selected combinationsare
- Losartan potassium 50mg &chlorthalidone 6.25mg
- Atovaquone 250mg &Proguanil 100mg
- Acebrophylline 100mg &Acetylcysteine 600mg
- Lawsone&para-phenylenediamine
- L-dopa
For above selected formulations an attempt is nratlas research to develop
a rapid, economical method for the simultaneousn@sion include
1. To develop the method for the simultaneous estondiy HPLC
2. To establish the stability of the formulations byrijorming forced
degradation studies as per ICH guidelines by HPLC.
3. To develop the method for the simultaneous estondiy HPTLC
4. To develop the method for the simultaneous estonatby UV
Spectrophotometry
5. To validate all developed methods as per ICH and® W8rms for the
following parameters:
v Accuracy
v’ Precision (Repeatability And Reproducibility),
v’ Specificity,
v’ Linearity and Range,
v' Limit of Detection (LOD)/Limit of Quantitation (LOR
v’ Selectivity/Specificity,
v' Ruggedness/Robustness,
v’ Stability
v/ System Suitability.
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4. SCOPE AND PLAN OF WORK

The quality is important in every product or seevigut it is more vital in
medicine as it involves life. Nowadays, manufactgrirends have been change to
manufacture more or more complex formulation camigy several drugs with very
similar chemical behavior. To device an accuratemedion procedure for each
ingredient of such multicomponant dosage form dairig several therapeutically
active drugs is not an easy task, as they aremtresaidely divergent concentrations
and contains additives. The presence of additiezsepients and decomposition

products further complicates the development ofyéical procedures.

The conventional analytical (titrations, gravimétrgethods were sufferes to
get desired intended specifications as per regylaoidelines during the analysis of
the formulation. Moreover, they lack sensitivitglectivity, specificity, accuracy and
repeatability.

Hence, in the present research work, we selectadtemaanalytical methods
like, HPLC, HPTLC, and UV Spectroscopic method \hare found to be more
reproducible, sensitive and specific and rapid. sehmethods have wide scope to
overcome with all the drawbacks and insufficiencly amnventional analytical

methods.

Therefore the method to be developed will have veicigpe in the estimation

of the drug in the selected multicomponent formates.

Literature surely revealed that assay methods lnygusmple spectroscopic
and chromatography techniques like UV, HPLC, HPT&4€ available for losartan
potassium and chorthalidone alone or with othemtdations involving these two
drugs with other drugs but no chromatographic ntisoreported for simultaneous

estimation of losartan potassium and chlorthalidooe tablet formulation.

Similarly number of methods have been reportedeeifior estimation of

acebrofylline, acetylcysteine, atovagquone and pmoduseparately and as such no
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method of estimation using chromatographic techesgsuch as HPLC and HPTLC
and UV spectroscopic are reported for simultanessignation of acebrofylline and
acetylcysteine or for atovaquone and proguaninfcapsule and tablet formulation
respectively.

Compounds from natural sources have been gainimgpriance in recent
years due to the enormous chemical diversity thay toffer. This has led to a
tremendous increase in the demand for herbal nmexdiciOne of the methods for
guality assessment is phytochemical evaluation kvimcludes preliminary screening,
chemo-profiling and analysis of marker compoundngsimodern analytical
techniques like HPLC, HPTLC, SFC and so on. HigHgremance thin layer
chromatography (HPTLC) has emerged as a simpiapte] and efficient method for

simultaneous analysis of two or more components.

Literature survey revealed that there were sevespbrts for individual
estimation of the phytoconstituents lawsone andhgnglenediamine however no
analytical method was reported for simultaneouisnesion of these phytoconstituents

in combination using HPTLC.

In view of above, rapid, reliable, economical amduwaate chromatographic
methods (HPLC and HPTLC) were needed to be develdpethe synthetic and

herbal multicomponent formulations in there dostagms:

I.  Losartan potassium and chlorthalidone (Tablet Degagn)
ii.  Acebrofylline and acetylcysteine (Capsule Dosagmjo
iii.  Atovaquone and proguanil (Tablet Dosage form)
And for the phytochemical evaluation of the hefloamulation containing
Iv.  Lawsone and p-phenylenediamine ( herbal hair dye)

v. L-dopain Zandopa (herbal powder)
Thus, the objective of work was to develop anddai& chromatographic and

spectroscopic methods for the simultaneous estimatf above listed combinations

from the respective tablet or herbal formulations
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Plan of work
The project was carried out in the following stages
Stage I: Considerations of flowing parameter folLlBRnethod Development
- Solubility studies and physical and chemical prapsrof drug
- Selection of solvents/
- Selection of type of chromatographic separation
- Selection of detector based upon the propertyefiting
Stage II: Optimization of the method
- Selection of wavelength
- Selection of initial separation conditions
- Nature and selection of stationary phase
- Nature of mobile phase (pH, peak modifier, solv&@néngth, ratio &
flow rate)
- Sensitivity and Specificity of method
Stage llI: Optimized HPLC method validated for tG¢l parameter
Stage IV: Forced degradation study for the selecledeloped methods by using
stress conditions like acid, alkali, peroxide, imgtand uv light exposure.
Stage V: Development of UV spectrophotometric meshicke
» Selection of solvent
» Determination ofA max
» Absorbance of different concentration obeying bekw
Stage VI: UV method validated for the ICH parameter
Stage VII: Development of HPTLC method for drugferbal formulations
Stage VIII: HPTLC developed method validated foHIGarameter
The various validation parameters are
» Accuracy.
Precision (repeatability and reproducibility),
Linearity and range,
Limit of detection (LOD)/ Limit of quantitation (LQ),
Selectivity / Specificity,
Robustness/ Ruggedness,

Stability and system suitability.

YV V V V V VYV V

Robustness and

» Stability and system suitability studies
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5. MATERIALS AND METHODS

A. Materials
l. Instruments
i.  Single pan digital balance (M500P) - Sartorious
ii. pH meter - Thermoscientific
iii. Ultra sonicator - Systronics
iv. UV Double Beam Spectrophotometer with following Gfieations
- PG Instruments T60 model
- UV win Software 5.1.1 version.
v. Waters 2695 HPLC with following configurations
- quaternary pump,
- Auto sampler,
- Auto injector,
- PDA 2996 Photo diode array Detector
- Empower V.1.2 software was used for data proogss
vi. Analytical column used following specifications
- Agilent XDB Cig (150x4.6mmx5p)
- Hypersil BDS Gg (150x4.6mmx5p)
- Hypersil BDS Gg (100x4.6mmx5p)
vii. Camag HPTLC with following configurations

- Linomat 5 sample applicator

CamagTwin trough Chamber

Camag TLC Scanner 3 (Densitometry)

CamagWInCATS software version 1.3

. Drug Standards

Drug Standard Procured from
Atovaquone (99.95%) Glenmark Pharmaceuticals Ltd.Mumbai.
Proguanil (99.97%) Glenmark Pharmaceuticals Ltd.Mumbai.
Losartan (100.2%) SL Drugs & Pharmaceuticals, gidad.
Chlorthalidone (100.3%) SL Drugs & Pharmaceuticdlglerabad
Acebrophylline (99.67%) SL Drugs & Pharmaceutichlgderabad.
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Acetylcysteine (99.69%) SL Drugs & Pharmaceuticelglerabad.

Lawsone 97% Icon Biosystem equipments and fine

(2hydroxy,1,4 naphoquinone ) chemicals, Hyderabad.

Para phenylenediamine Icon Biosystem equipmentdiaad
chemicals, Hyderabad.

L-dopa Sigma Aldrich.

I1I. Reagents and Chemicals

Chemicals Manufacturer

Methanol (HPLC Grade) Merck specialities Pvt. Llstymbai
Acetonitrile (HPLC Grade) Rankem India limited, Aeghwar
Orthophosphoric acid (AR Grade) RFC limited, NewtbDe
Triethylamine (AR Grade) SDFCL Limited, Mumbai

Potassium dihydrogen orthophosphate Merck specialities Pvt. Ltd, Mumbai

(AR Grade)

Sodium hydroxide (AR Grade) SDFC Limited, Mumbai

Hydrochloric acid (AR Grade) Merck specialitiesvatie limited, Mumbai
Concentrated Sulfuric Acid (AR Grade) Merck spatied private limited, Mumbai
Milli Q water (HPLC Grade)

V. Marketed Formulations

Commercial preparation  Component Manufacturer

CTD-L tablets Losartan potassium 50mg IPCA Pharmaceuticals Itd.,
& chlorthalidone 6.25mg

MALARONE tablets Atovaquone250mgé& GlaxoSmithKline Pharmaceut
Proguanil 100mg Itd.,

PULMOCLEAR capsules  Acebrophylline Fourrts(India) Laboratories
100mg&&Acetylcysteine Pvt. Ltd.,
600mg

Indica herbal hair dye Lawsone& ClavinKare Pvt. Ltd.

para-phenylenediamine
Zandopa L-dopa Zandu Pharmaceuticals Pwvt.
Ltd
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B. Methods

The analytical method is developed and validated the quantification of
individual drug in the selected herbal and synthetulticomponent drug formulations.
The synthetic multicomponent drug formulations unlds CTD-L tablets (contains
Losartan Potassium 50mg and Chlorthalidone 6.25Mtanufactured by IPCA
Pharmaceuticals Itd.,) MALARONE tablets (contafkisvaquone 250mg and Proguanil
100mg Manufactured by GlaxoSmithKline Pharmaceidicikd.,) PULMOCLEAR
capsules (contains Acebrophylline 100mg and Acgsgkine 600mg Manufactured by
Fourrts (India) Laboratories Pvt. Ltd.,) were usedHPLC, Forced degradation studies
by HPLC, HPTLC and UV spectrophotometric methoded@wment and validation as
per ICH and USP guidelines. The herbal marketedymioof Henna mehandi power and
Indica herbal hair dye are used for estimationaitone and para-phenylenediamine by
HPTLC and validated as per ICH guidelines. The daadused for estimation of L-dopa
by HPTLC and validated as per ICH guidelines.

The validated analytical method development was diged into following parts

Part 1:  Development of HPLC methods for Seleted multoconepts

Part 2: Developed HPLC methods are validated as per ICH/d&Belines for
different validation parameter

Part 3:  Forced degradation study carried out for differgrgss conditions likes

e Acid degradation

Alkali degradation

Peroxide degradation

Thermal degradation

Photo degradation

Part 4: Development of UV  Spectrophotometric  methods  Selete
multocomponents

Part5: Developed UV Spectrophotometric methods are vadiais per ICH/USP
guidelines for different validation parameter

Part 6: Development of HPTLC methods Seleted multocompanent

Part 7: Developed HPTLC methods are validated as per IG#elnes for Validation
parameter

Part8:  Development of HPTLC method for Harbal formulations

ULTRA COLLEGE OF PHARMACY, MADURAI 73



CHAPTER 5 MATERIALS AND METHODS

5.1 Part 1.0: RP-HPLC Method Development

During the optimization stage, the initial setscohditions that have evolved
from the first stages of development are improvednaximized by selection of
wavelength, selection of initial separation comghf, selection of column i.e.
stationary phase nature, selection mobile phasedamrganic modifier ratio, solvent
strength, and flow rate etc. in terms of resolutoml peak shape, also plate counts,
asymmetry, capacity factor, elution time, detectionits, limit of quantitation and
overall ability to quantify the specific analyteioferest.

General Consideration for developing RP-HPLC Method

Following are the common steps should be consideéueithg RP-HPLC method
development for the selected multicomponent drugnégations.
Selection of Chromatographic mode of separation:

Selection of chromatographic method in generald@e by taking into
consideration the several parameters like the eattithe drugs, molecular weight and
solubility. Since most of the drugs selected arkampm nature, so the reversed phase
chromatography has been used for the developmetvahdation of the selected
multicomponent formulations.

Selection of mobile phase

The mobile phase composition, buffer mixture antuetits solvents were
selected based on the solubility test results,ilgtabnd suitability in order to achieved
separation and well resolution with sharp peaks $blubility tests were performed
using the common solvents like water, methanoltamigile, THF, 0.1N HCI, 0.1N
NaOH, The sample retention time were adjusted lying the solvent strength. As a
strong solvent reduced retention time and weakesilincreases retention. By changing
the proportion acetonitrile, methanol, THF, tempe@ and pH gives change in the
method and desired separation. Hence mixture ofeatd were selected for selected
combination of drug in different ratios like 70:3®:10, 50:50 and 70:30 in isocratic and
gradient mode used.

Selection of Stationary phase

The selection of stationary phase always depends tipe sample nature and
composition of the mobile phase in order to achmgu@Emization in method development
process. Systematic reproducible changes in salyctvere achieved by changing the
column from cyno or phenyl to ;g columns and also by changing the source of the
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column i.e column manufacturer. In this Studiegjlént XDB and Hypersil BDS {g
columns were used for the selected combinatiomsLags.
Selection of detector and wavelength:

Before selecting the wavelength, it is importanselect the right detector and the
sensitivity of the developed method is depend ughen selected wavelength. Hence,
2996 Photo diode array Detector was selected &ct#te anlytes ate ideal wavelength.
The ideal wavelength gives good response for tlaéytes presents in the formulation. In
order to ascertain the wavelength of maximum ali&or{\ may Of the drug, 10g/mi
solution of the drugs in different solvent were rsuad for different selected

combinations using UV spectrophotometer withinwaerelength region of 190-400nm.

5.1.1 Method Development: Losartan and Chlorthadone

From the knowledge of properties of the selectemysland above consideration
the following initial conditions were set and themrre optimized by making deliberate
changes in the parameters like flow rate, injectrtolume, working concentration and
varying mobile phase composition. Before fixing fiveal optimized chromatographic
conditions the numbers of trials were run, follogviere the few trials run were shown in
different trials withFig. No 9.0 to Fig. No.13.0

Trial -1
Chromatographic conditions
Column : AgitexDB, C18, 150 x 4.6 mm, b
Mobile phase : Buffé\cetonitrile (90:10 % v/v pH 3.5)
Detector : RDetector
Flow rate : 1.0ml/min
Detection wavelength : 254nm
Injection volume : 10ul
Temperature . %80
Run time : niio

ULTRA COLLEGE OF PHARMACY, MADURAI 75



CHAPTER 5 MATERIALS AND METHODS

0.020

0.018

0.016

0.014

0.012

0010

AU

0.008

0.006

0.004

0.002

0.000

-0.002

1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00 10.00

Minutes

Fig. No. 9.0: Trial 1 chromatograms for losartan anl chlorthalidone

Sr.No Peak % USP Plate Tailin

) Name RT Area Area count 9
1. 3.191 | 515943 100 1784 1.61
2. - - - - -

Only one peaks were observed in the chromatogréate Bount reduce

Hence this method was not suitable for the simelas estimation of Losart:

and Chlorthalidone.

Trial -2

Chromatographic concitions

Column : Agilent XDB,C18, 150 x 4.6 mm,p.
Mobile phase : Buffer : Acetonitrile (80:20 % v/v pH 3.
Detector : PDA detector

Flow rate : 1.0ml/min

Detection waveleng : 254nm

Injection volume : 10ul

Temperature . 30c

Run time : 15min
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Fig. No. 10.0: Trial 2 chromatograms for losartan ad chlorthalidone

Sr.No Peak % USP Plate Tailin

’ Name RT Area Area count 9
1. 3.191| 515943 100 1784 1.61
2. - - - - -

Only one peakswas observed in the chratogram, Noseparation of two
components was observ

Hence this method was not suitable for the simelbais estimation of Losart:
and Chlorthalidone.

Trial -3
Chromatographic conditions
Column : Agilent XDB, C18, 150 x 4.6 mm,p.
Mobile phase . Buffer : Acetonitrile (75:25 % v/v pH 3.
Detector . PDA detector
Flow rate > 1.0ml/min
Detection waveleng . 254nm
Injection volume : 10l
Temperature . 30
Run time > 15min
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Fig. No. 11.0: Trial 3 chromatograms for losartan ad chlorthalidone

% USP Plate .
Sr.No Peak Name RT Area Tailing
Area count
1. Chlorthalidon | 2.519| 503878 13.81 167¢ 1.55
2. Losartal 10.371] 3145698 86.19 2452 1.95

The two peaks were well resolved with good resotutiut Peak Retention tim
were vey long so run time is more with increase in tail

Hence this method was not suitable for the simebas estimation of Losart:
and Chlorthalidone.

Trial -4

Chromatographic conditions

Column Agilent XDB, C18, 150 x 4.6 mm,p.
Mobile phase Buffer : Acetonitrile (65:35 % v/v pH 3.
Detector PDA detector
Flow rate 1.0ml/min
Detection waveleng :  254nm
Injection volume :10ul
Temperature . 30%c
Run time 10min
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Fig. No. 12.0: Trial 4 chromatograms for losartan ad chlorthalidone

% USP Plate .
Sr.No| Peak Nam Area Tailing
RT Area count
1. Chlorthalidon: | 2.199 | 516172 14.02 148¢ 1.50
2. Losartal 4.306 | 3164350 | 85.98 2371 1.76

In this Trial Peaks were well separated IUSP Plate count were less belthe

acceptance criteria. So this Chromatographic ¢mmdi areNot suitablfor Estimation

of selecteddrmulatior.
Trial -5

Chromatographic conditions

Column

Mobile phase
Detector

Flow rate

Detection waveleng
Injection volume
Temperature

Run time

Agilent XDB, C18, 150 x 4.6 mm,.

Buffer : Acetonitrile (70:30 % v/v pH 3.

PDA detector
1.0ml/min
254nm

10ul

3dc

8min
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Fig. No. 13.0: Trial 5 chromatograms for losartan ad chlorthalidone

Peak Name RT Area % Area | USP Plate count| Tailing
1| Chlorthalidone| 2.173 462220 13.91 2329 1.93
2| Losartan 4.640| 2860680 86.09 2488 1.66

The two peaks were well resolved with good resotuand efficiency and Peak
Retention times were good.

Hence this method was finalized as optimized metfmdthe simultaneous
estimation of Losartan and Chlorthalidone.
Procedures for Losartan and Chlorthalidone
Preparation of Diluent:

The diluent was prepared by mixing 50ml of HPLCtevaand 50ml of
Acetonitrile and the resulting solution was sorecafor 15min.
Preparation of Buffer

2.72 gm of Potassium dihydrogen orthophosphate,fCy) was accurately
weighed and transferred into a 1000 ml volumetiasK, about 900ml of milli-Q

water was added and 1ml of triethylamine was adiieth made up to the final
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volume using milli-Q water, the resulting solutiomas sonicated. Dilute ortho
Phosphoric acid solution was added to adjust thaiso to pH-3.5
Preparation of Standard Stock Solution

Accurately weighed 50mg of Losartan and 6.25 m@Hibrthalidone working
Standards into a 25 ml clean dry volumetric flas&ml of diluent was added and
sonicated for 5 min and made up to the final voluwité diluents.
Preparation of Sample Solution

Twenty tablets were weighed and crushed. Powdeivagnt to 50mg of
Losartan and 6.25mg of Chlorthalidone were tramsterinto separate 500 ml
volumetric flasks, 200ml of diluents was added igsdlve drug and sonicated for 10
min, further the volume made up with diluent and golution is filtered through
0.45um filter and this solution was further dilutadth diluents to get the same
concentration as that of final standard solutions.
Analysis of Tablet Formulation

Twenty tablets were weighed and crushed. Powdeivalgnt to 50mg of
Losartan and 6.25mg of Chlorthalidone were tramsterinto separate 500 ml
volumetric flasks, 200ml of diluents was added igsdlve drug and sonicated for 10
min, further the volume made up with diluent ané #olution is filtered through
0.45um filter and this solution was further dilutadth diluents to get the same

concentration as that of final standard soluticfise sample solution of 1@/ ml

was Injectied to the column and peak ared was decbrThen by comparing with
peak area of standard was calculated to find outtecd of losartan and

chloarthalidone in tablet formulations.

5.1.2 Method Development: Atovaquone and Proguanil

By studing the physical property and soullbilifiitbe drug the number of trials
were carried out and then optimized Chromatogra@owadition were fixed for the
estimation of Atovaquone and Proguanil Hydrochlerith selected multicomponent
formulations. Some of the trials chromatogram algomatographic condition are
shown inFig. No.14.0 to Fig. No. 19.0
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Trial -1
Chromatographic conditions
Column . Inertsil ODS, 150 x 4.6 mmy5
Mobile phase :  Buffer : Acetonitrile (70:30)
Detector . PDA detector
Flow rate > 1.0ml/min
Detection waveleng : 258nm
Injection volume :10pul
Temperature . 30
Run time > 13min
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Fig. N0.14.0: Trial 1 chromatogram for Proguanil ard Atovaquone

Peak Nam¢ | RT | Area | % Area | USP Plate coun | Tailing

1.| Proguail |2.100| - - - -

2.| Atovaquon: - - - - -

The two peaks were not well resolved at So this trialwas considered asot

suitablefor the estimatio.
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Trial -2
Chromatographic conditions
Column :Inertsil ODS, 150 x 4.6 mmy 5
Mobile phase . Buffer : Acetonitrile (70:30)
Detector . PDA detector
Flow rate : 1.0ml/min
Detection wavelength : 258nm
Injection volume :10ul
Temperature . 386
Run time : 13min
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Fig. N0.15.0: Trial 2 chromatogram for Proguanil ard Atovaquone
Peak Name RT  Area | % Area| USP Plate count | Tailing
1. Proguail 2.10( - - - -
2. Atovaquone - - - - -

In this Chromatographic conditions the two peaksawmt well resolved and it is
not suitable for the estimation.
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Trial -3

Chromatographic conditions
Column :Inertsil ODS, C18, 150 x 4.6 mny, 5
Mobile phase . Buffer : Methanol (65:35)
Detector . PDA detector
Flow rate : 1.0ml/min

Detection wavelength : 258nm

Injection volume :10ul
Temperature . 386
Run time : 13min
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Fig. N0.16.0: Trial 3 chromatogram for Proguanil ard Atovaquone

Peak Name RT  Area| % Area | USP Plate count| Tailing
1. Proguail - - - - -
2. Atovaquone| 12.36 131568 100 1705 1.02

The two peaks were not well resolved at all, Se thal was considered as not

suitable for the estimation.

ULTRA COLLEGE OF PHARMACY, MADURAI 84



CHAPTER 5 MATERIALS AND METHODS

Trial -4

Chromatographic conditions
Column . Inertsil ODS, C18, 150 x 4.6 mm, 5
Mobile phase :  Buffer : Acetonitrile (65:35)
Detector . PDA detector
Flow rate > 1.0ml/min

Detection wavelength :  258nm
Injection volume :10ul
Temperature . %0

Run time : 13min
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Fig. N0.17.0: Trial 4 chromatogram for Proguanil ard Atovaquone

Peak Name RT Area| % Area | USP Plate count| Tailing

1. Proguail 2.054 258293 100.00 364 0.95

2. Atovaquone| 9.600 - - - -

The two peaks were not well resolved at all, Se thal was considered as not

suitable for the estimation.
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Trial -5

Chromatographic conditions

Column . Inertsil BDS, C18, 250 x 4.6 mm, 5
Mobile phase . Buffer : Acetoité (50:50)
Detector . PDA detector
Flow rate : 1.0ml/min
Detection wavelength : 258nm
Injection volume :10ul
Temperature . %0
Run time : 13min
! !
I
i
o o
" 5008 | !l ;:
0.002 fd
P NS B S
200 460 8.00 mu:“ﬂ 19.0¢ 120G 14.00
Fig. N0.18.0: Trial 5 chromatogram for Proguanil ard Atovaquone
Peak Name RT Area| % Area | USP Plate count | Tailing
1. Proguail 2.164 - - - -
2.| Atovaquone | 9.600 - - - -

The two peaks were not well resolved at all, Se thal was considered as not
suitable for the estimation.
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Trial -6

Chromatographic conditions
Column
Mobile phase
Detector
Flow rate
Detection wavelength
Injection volume
Temperature
Run time

Diluent

MATERIALS AND METHODS

Hypersil BDS, C18, 150 x 4.6 mny, 5
Buffer : Aawitrile (Gradient Programme)
PDA dute
1.1ml/min
258nm
10ul
%80
13min
Acetonitrile (for Preparation of stock Solution)

Remaining Dilutions or Further diluted with NMahol

Tables No 9.0: Mobile phase gradient programme

Time Flow Rate % Buffer % Acetonitrile
0 1.1 50 50
3 1.1 50 50
4 1.1 20 80
9 1.1 20 80
9.1 1.1 50 50
12.0 1.1 50 50
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Fig. N0.19.0: Trial 6 chromatogram for Proguanil ard Atovaquone
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Sr.

N Peak Name | RT Area | % Area| USP Plate count Tailing
0.

1. Progualil 2.164 430266 24.69 4743 1.43
2. | Atovaquone| 9.6441312144| 75.31 39260 1.38

The two peaks were well resolved with good resotutalso plate count and
tailing was good.

Hence this gradient elution method was optimized fbe simultaneous
estimation of Atovaquone and Proguanil
Procedures for Atovaquone and Proguanil Hydrochlorde
Preparation of Diluent

The HPLCgrade Acetonitrile was used for the preparations of stock solutions
and further dilutions is done by using HPLC grade Methanol.
Preparation of Buffer solutions

Weigh accurately about 2.72 gm of Potassium dihyeinoorthophosphate
(KH2PQO) intoa 1000 ml volumetric flask , add about 900ml oflir@)l water and add
1ml of triethylamine then make up to the finalwole using milli-Q water, sonicate
the resulting solution and then adjust the soluttonpH-3.5 with dilute ortho
Phosphoric acid solution.
Preparation of Standard Solution

Accurately weighed and transferred 250mg of Atowawmuand 100mg of
Proguanil working Standards into a 25 ml clean, wdjumetric flask, add 15ml of
diluent and sonicated for 30 minutes and make upédinal volume with diluents.
Preparation of Sample Solution

20 tablets were weighed and calculate the averamghtvof each tablet then
the weight equivalent to 1 tablets was transfeiréd a 100 mL volumetric flask,
60mL of diluent added and sonicated for 30 minthierr the volume made up with
diluent and filtered. From the filtered solutiordl was pipeted out into a 10 ml
volumetric flask and made upto 10ml with diluent.
Analysis of Tablet Formulation

20 tablets were weighed and calculate the averamghivof each tablet then

the weight equivalent to 1 tablets was transfeiréd a 100 mL volumetric flask,
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60mL of diluent added and sonicated for 30 min, further theimel made up wit
diluent and filtered. From the filtered solutiordtl was pipeted out into a 10 |

volumetric flask and made upto 10ml with dilu The sample solution of .ug/ml

was Inectied to the column and peak ared was recordadny comparing wit
peak area of standard was calculated to find outteoh of losartan an

chloarthalidone in tablet formulatior

5.1.3 Method Development: Acebrophylline and Acetylcysteine

Like above optimized method, few trials were carried foutoptimization of
method used for estimation of acebrophylline aretydcysteine in capsule formulatio
shown inFig. No. 20.0 to Fig. No. 25
Trial -1

Chromatographic conditions

Column : Hypersil BDS, 100 x 4.6 mmu5
Mobile phase . Buffer : Acetonitrile (70:30)
Detector . PDA detector

Flow rate : 1.0ml/min

Detection wavelength  260nm

Injection volume : 5ul
Temperature 30%
Run time > 10min
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Fig.No. 20.0 : Trial 1 chromatogram forAcebrophylline and Acetylcystein:

ULTRA COLLEGE OF PHARMACY, MADURAI 89



CHAPTER 5 MATERIALS AND METHODS
Sr. -
N Peak Name RT| Area | % Area | USP Plate countTailing
0.
1. | Acetylcysteine| 1.337995180| 60.05 5782 1.06
2. | Acebrofylline | 1.464662108| 39.95 4515 1.01

The two peaks were not well resolved at all. Sodf®matiographic conditions
was not suitable for estimation.
Trial -2

Chromatographic conditions

Column Hypersil BDS, 100 x 4.6 mm 5
Mobile phase Buffer : Aamitrile (80:20)
Detector PDA detector
Flow rate 0.8ml/min
Detection wavelength 260nm
Injection volume 5ul
Temperature %80
Run time 10min
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Fig.No. 21.0 : Trial 2 chromatogram for Acebrophyline and Acetylcysteine
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Sr.

N Peak Name RT Area | % Area| USP Plate count| Tailing
0.

1. | Acetylcysteine | 1.8471433301| 60.39 4572 0.98
2. | Acebrofylline | 2.416 920457 | 39.11 4267 1.11

The resolution is less So the chromatiographic timmd was not suitable for

estimation
Trial -3
Chromatographic conditions
Column : Hypersil BDS, 100 x 4.6 mmy 5
Mobile phase :  Buffer :e¥onitrile (85:15)
Detector . PDA detecto
Flow rate : 0.8ml/min
Detection wavelength : 260nm
Injection volume : 5ul
Temperature %80
Run time : 10min
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Fig.No. 22.0 : Trial 3 chromatogram for Acebrophyline and Acetylcysteine
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Sr.

N Peak Name RT | Area | % Area| USP Plate count| Tailing
0.

1. | Acetylcysteine | 2.070782517| 61.94 4841 1.11
2. | Acebrofylline | 3.306 480776| 38.06 5453 1.07

The two peaks were not well resolved at all, Sodf®matiographic conditions

was not suitable for estimation

Trial -4
Chromatographic conditions
Column :  Hypersil BDS, 100 x 4.6 mnuy 5
Mobile phase . Buffer : Aawitrile (85:15)
Detector . PDA detector
Flow rate > 0.9ml/min
Detection wavelength : 260nm
Injection volume . 5ul
Temperature %80
Run time : 10min
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Fig.No. 23.0 : Trial 4 chromatogram for Acebrophyline and Acetylcysteine
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Sr.

N Peak Name RT Area | % Area | USP Plate coun | Tailing
0.

1. | Acetylcysteint | 1.830| 1336651 61.75 326( 0.99
2. | Acebrofylline | 2.886| 827850 | 38.35 341¢ 1.09

The two peak were not well resolved at i So the chromatiographic conditio

was not suitabléor estimatiol

Trial -5

Chromatographic conditions
Column :  Hypersil BDS, 100 x 4.6 mmpu5
Mobile phase : Buffer : Acetonitrile (90:10)
Detector . PDA dete
Flow rate : 0.9ml/min

Detection wavelength  260nm

Injection volume : 5ul
Temperature . %
Run time > 10min
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Fig.No. 24.0 : Trial 5chromatogram for Acebrophylline and Acetylcysteine
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Sr.

N Peak Name RT | Area | % Area| USP Plate count| Tailing
0.

1. | Acetylcysteine | 2.370686033| 66.71 4376 1.09
2. | Acebrofylline | 5.504 342289 33.29 5843 1.00

The two peaks were well resolved with good peakrsginy

Hence this method was selected for the simultanestisiation of Acetylcystein
and Acebrofylline
Procedure for Acerbrofylline and Acetylcysteine
Preparation of Diluent

The diluent was HPLC grade methanol.
Preparation of Buffer

Accurately weighed 2.72gm of potassium dihydrogethophosphate was
transferred in a 1000ml of volumetric flask and @b®00mI of milli-Q water was
added.1ml of triethylamine was added then sonicatetifinally made up the volume
with water. Then pH was adjusted to 3.2 with dilotthno phosphoric acid solution.
Preparation of Standard Stock Solution

Accurately weighed 10mg of Acebrophylline and h2ghof Acetylcysteine
working Standards were transferred into separatenll@lean and dry volumetric
flasks, 7ml of diluents was added and sonicated¥0rmin and made up to the final
volume with diluents.
Preparation of Sample Solution

20 capasules were weighed and the average weighaaf capasules was
calculated. Then the weight equivalent to 1 capswuds transferred into a 100 mi
volumetric flask, 50ml of diluent was added andisated for 30 min, further the
volume made up with diluent and filtered. From fiileered solution 0.2ml was
pipetted out into a 10 ml volumetric flask and mageto 10ml with diluent. The
sample solution of 109/ ml was injectied to the column and peak ared wasdechb

Then by comparing with peak area of standard wsileged to find out content of

losartan and chloarthalidone in tablet formulations
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5.2 Part 2: RP-HPLC Method Validation

Developed methods should be validated in ordeetaahstrate the analytical
procedure is suitable for its intended use and stigavs that the results generated by
the particular analytical procedure are reliabld ancurate. All the three developed
methods of selected multicomponent formulations akiasm+Chlorthalidone,
Atovaquone+ Proguanil and Acebrofylline+Acetylcyste were validated as per
ICH/USP guidelines for the following parameterselilAccuracy — Precision —
Specificity — Selectivity — Detection limit - Quatattion limit — Linearity — Range —
Ruggedness - Robustness.
Common Validation Parameters for HPLC and Spectrosopic method

The common validation parameters for the developd®LC and
Spectroscopic methods were thoroughly describeémuttapter introduction in detail
earlier. So, here we describe the procedure follower the validation of
spectroscopic and HPLC methods developed.
ASSAY
Procedure

The solutions of 100% level solutions containingpextive concentration
which were previously prepared in duplicate weljedted at the optimized method
conditions and the chromatograms were recordedhengdercentage drug content was
calculated and reported in chapter Results indtacsed drug combination

5.2.1.System suitability tests

From the std. stock solution of 3@y/ ml was injected sixtimes and std peak

area was Recorded and the system suitability parmetre checked to ensure the system
performance (resolution and reproducibility) befare during analysis of unknown
sample. Data from six injections of 10 ul of therkiog standard solutions of the selected
multi component formulations were used for the @atabn of the system suitability
parameters like tailing factor, the number of tledioal plates, retention time and
resolution factor. As per USP guidelines for valmta out of this parameter only two
parameters are required. The standard solutionpwegmred as per the proposed assay
method and was injected into the HPLC system. TBtem was suitable for analysis
if % relative standard deviation (%0RSD) of areawdtidoe not more than 2.0%, and

USP tailing factor should be not more than 2 amdtétical plate count should not be
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less than 2000. The respective data for systeralsliiy were shown under chapter

Results

5.2.2. Linearity

The linearity of the method was evaluated by anatydifferent concentration
(80% to 120%) of the drugs. According to ICH recoematations, at least five
concentrations must be used. In the present studgoscentrations were chosen &
injected. The peak areas of the chromatograms pleteed against the concentration
of drug to obtain the calibration curve. From this correxting data co-relation
coefficient, slope and y-intercept were calculaded shown under chapter Results
and the respective calibration curve shown undeapter Ideally co-relation
coefficient should be not less than 0.999 and wlitin curve should be Liniear.

5.2.3.Accuracy

The accuracy of the method was determined by regastady. The accuracy
of an analytical method should be established acitssrange. The solutions were
injected in triplicate in 50%, 100% and 150% coriaions by spiking the
previously analyzed formulation with standard damgl reanalyzing the content by
the developed spectrophotometric and HPLC methadsparcentage recovery was
calculated and shown under chapter Results. Aveé¥agecovery at each spike level

not less than 98.0% and not more than 102.0%.

5.2.4. Precision

Precision of the developed method was determinestinyying intra-day and
inter-day variation by injecting the sample solat&x times and calculating the mean
of the amount present, percentage label claim andeptage RSD were calculated
and shown under chapter Results. While in caseRifG1% RSD of the peak area
obtained for the drug in multicomponent formulatere should not be more than
2.0

5.2.5.Limits of Detection (LOD) and Limit of Quantitation (LOQ):
In accordance with ICH recommendations, the mettekd on the standard

deviation of the response and the slope of thémion plots was used to determine
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detection and quantification limits. LOD and LOQues were estimated [(standard
deviation of repeatability)/ (Slope of the regressequation)] by multiplying with 3.3
and 10 respectively. The corresponding LOD and LO§a for all selected

combinations were shown under chapter Results.

5.2.6. Specificity
The Specificity of the method was evaluated by €seg whether excipients
present in the pharmaceutical formulations intedewith the analysis. Excipients for
each tablet were mixed in order to prepare a placabhd solutions were prepared by
following the procedure described in the section sample preparation. The
excipients did not interfere with the method.
amount of placebo to be taken = avg wt of tablet — label claim of the drugs

There should not peak at the retention time of drfupe formulations.

5.2.7. Robustness

Robustness is a measure of capacity of analytmathods to remain
unaffected by small but deliberate variation of thgerating conditions. This was
tested by studying the effect of changing colunmgerature +%C, the mobile phase
composition by 2%, and flow rate by £0.1ml. Theresponding Robustness data for
all selected combinations were shown under chaResults for different varying
conditions.

All the Validation Parameter the injection volumassinjected in triplicate for

the linearity accusary for precision

5.3 Part 3: RP-HPLC Forced Degradation Study

Losartan-Chlorthalidone, Atovaquone-Proguanil and cel#ophylline-
Acetylcysteine samples are prepared accordinglpviohg their procedure of HPLC
method.
Degradation studies

Generaly there is no specific guideline availafde the conducting forced
degradation study by the regulatory but the mostmenended stress condition were
used for the forced degradation study include agdradation, alkali degradation,

oxidation, dry heat and photolysis.
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5.3.1 Acid Degradation Studies

To 1ml of stock solution of Losartan and Chlortdahe, 1ml of 2N
Hydrochloric acid was added and refluxed for 30@ir60°C. The resultant solution
was diluted to obtain 50pg/ml & 6.25ug/ml solutiemd 10l solutions were injected
into the system and the chromatograms were recotdegssess the stability of

sample.

5.3.2 Alkali Degradation Studies

To 1 ml of stock solution of Losartan and Chloritiahe, 1 ml of2N sodium
hydroxide was added and refluxed for 30min at 60F@e resultant solution was
diluted to obtain 50pg/ml & 6.25pg/ml of LosartamdaChlorthalidone and 10ul was
injected into the system and the chromatograms wesrerded to assess the stability

of sample.

5.3.3. Oxidation Studies

To 1 ml of stock solution of Losartan and Chloritiahe, 1 ml of 20%
hydrogen peroxide (#0,)was added. The solution was kept for 30 min atC6@or
HPLC study, the resultant solution was diluted bdaon 50pg/ml & 6.25ug/ml of
Losartan and Chlorthalidone and 10ul was injectetb ithe system and the
chromatogram was recorded to assess the stalisignople.

5.3.4 Dry Heat (Thermal) Degradation Studies

The standard drug solution was placed in oven &Q.0G6r 6h to study dry
heat degradation. For HPLC study, the resultanitieol was diluted to 50pg/ml &
6.25ug/ml of Losartan and Chlorthalidone and 10gteninjected into the system and

the chromatogram was recorded to assess the stalbithe sample

5.3.4 Photo degradation

The standard drug solution was exposed to the wlinéet light
radiation for 7 days. For HPLC study the resultsoiution was diluted to 50 ug/ml
%6.25ug/ml of Losartan and Chlorthalidone and M@gte injected into the system
and the chromatogram was recorded to assess thiyta the sample
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Similarly standard sample were prepared for the abvagoune and proguanil

combination and acetylcysteine and acebrofylline cobination.

5.4 Part 4: UV Spectrophotometric Method Developmein

Proper selection of the spectrophotometric metregedds upon the nature of
the sample (ionic or neutral molecule) and soltpilin the present study the selected
drugs are polar in nature and hence spectrophotiznme¢éthods are considered to be
more suitable because they are economic, spelnifégr, precise, accurate, sensitive
and rapid methods. Spectroscopic optimization dand for UV spectrophotometer

are,

5.4 A. Selection of solvent

The solubility of drugs was determined in a variatly solvents as per
Pharmacopoeial standards. Solubility was carrigdirogpolar to non-polar solvents.
The common solvent was found to be distilled waredl methanol. Atovaquone and
Proguanil combination drug and Losartan and Chédidbne combination drug are
freely soluble in water/ methanol and Acetylcystaimd Acebrophylline combination

drug is freely soluble in methanol/ethanaol.

5.4.B. Selection of wavelength

From the stock solution of losartan and chlorthaiel 8pug/ml and 1pg/ml
concentration solutions were prepared respectivEhpm the stock solutions of
Atovaquone and Proguanil, 10 pg/ml and 4 pg/ml eotration solutions were
prepared respectively. While from the stock sohdioof Acetylcysteine and
acebrophylline 4ug/ml and 24ug/ml concentrationenmepared respectively, and the
solutions were scanned separately between the araytbl ranges from 200 - 400 nm

and the corresponding spectra were recorded.

From the overlain spectra of Atovaquone and Proy@x®nm and 254 nm
were selected for the estimation by Simultaneouston method respectively. From
the overlain spectra of losartan and chlorthalid@88nm and 215nm were selected
for the estimation by Simultaneous equation mettesgpectively. From the overlain
spectra of Acetylcysteine and acebrophylline 272ma 220nm were selected for the

estimation by Simultaneous equation method respayti
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5.4. C. Preparation of standard stock solution

a) 50mg of Losartan and 6.26 mg of chlorthalidone ddatis were weighed and
transferred into 100 ml volumetric flasks sepasateid dissolved in distilled
water and made up to the volume with water. Furthietions were made by
diluting 1 ml to 10ml volumetric flask, further died 1.6 ml to 10 ml to
obtain 8 pg/ml of Losartan and 1pg/ml of Chlorttate.

b) 250 mg of Atovaquone and 100mg of Proguanil Stadglarere weighed and
transferred into 100 ml volumetric flasks sepasateid dissolved in distilled
water and made up to the volume with water. Thesgiens were observed
to contain 2500 and 1000 pg/ml. And further dilaotizvas made to get
concentration 10 pg /ml Atovaquone and 4 pg/ml Baog.

c) 100mg of Acebrophylline and 600mg of AcetylcysteiSgandards were
weighed and transferred into 100 ml volumetric K&asseparately and
dissolved in methanol and made up to the volumgh wethanol. These
solutions were observed to contain 1000 and 6000niugoncentration
respectively. From the above stock solution 0.5ra$ wipetted out into a 10
ml volumetric flask and made upto 10ml with dilueRtom the above stock
solution 0.8ml was pipetted out into a 10 ml volaneeflask and made upto
10ml with diluent to get concentration 4ug/mlAceiglline and 24 pg/ml
Acetylcysteine.

5.4. 1Spectrophotometry assay procedure for Losartaand Chlorthalidone:

Twenty tablets of formulation (Losartan 50 mg and256 mg of
Chlorthalidone) were weighed and powdered. Theetaplowder equivalent to
Losartan 50 mg and 6.25 mg of Chlorthalidone waigwesl and transferred into 100
ml volumetric flask and a minimum quantity of diistil water was added to dissolve
the substance by using ultra sonication for 15 amid made up to the volume with the
same diluents. The content was filtered through #ren filter paper No. 41. From
the cleared solution, further dilutions were magealituting 2 ml to 200ml volumetric
flask, further diluted 1.6 ml to 10 ml to obtainug /ml of Losartan and 1ug /ml of

Chlorthalidone theoretically.

The absorbance measurements were made 6 timeshdofotmulation at

235nm, 215nm. From the absorptivity values of Ltsarand Chlorthalidone at
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235nm, 215nm and the amount of Losartan and Claliddne in tablet formulation
were determined by using Simultaneous equation edeth
Simultaneous Equation Method
The simultaneous equations formed were,

At M Ap = axbCx +aybCy - (2)

At A, Ay = axbCx + agpCy - (2)
where A and A are the absorbance of sample solution at 235 nib, rém
respectively. Cx and Cy are the concentrations o$aktan and Chlorthalidone
respectively g /ml) in sample solution.

The absorbance ¢& A») of the sample solution were recorded at 235 nm &
215 nm respectively and concentration of both theysl were calculated using above

simultaneous equation.

5.4. 2 UV Spectrophotometry assay procedure for Avaquone and Proguanil
Twenty tablets of formulation (Atovaquone 250 mgl &©0 mg of Proguanil)
were weighed accurately and powdered. The tabletippequivalent to Atovaquone
250 mg and 100 mg of Proguanil was weighed andteared into 100 ml volumetric
flask and a minimum quantity of distilled water wadded to dissolve the substance

by using ultra sonication for 15 min and made upht® volume with the same(1000
pa/mi).

The content was filtered through Whattman filtep@aNo. 41. From the
cleared solution, further dilutions were made bltcthg 1 ml to 25ml volumetric
flask, further diluted 2 ml to 100 ml to obtain @@/ml of Atovaquone and 4ug/ml of

Proguanil theoretically.

The absorbance measurements were made 6 timdseféormulation at 279
nm, 254 nm. From the absorptivity values of Atovag and Progaunil at 279 nm,
254 nm, the amount of Atovaquone and Progaunil weggermined by using

Simultaneous equation method.
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5.4. 3 UV Spectrophotometry assay procedure for Abeophylline and

Acetylcysteine:

Twenty capsule of formulation (Acebrophylline 100g nand 600 mg of
Acetylcysteine) were weighed accurately and powdleréhe capsule powder
equivalent to Acebrophylline 100 mg and 600 mg oé#lcysteine was weighed and
transferred into 100 ml volumetric flask and a miom quantity of distilled water
was added to dissolve the substance by usingsdtrecation for 15 min and made up
to the volume with the same diluent (5000 pg/mheTontent was filtered through
Whattman filter paper No. 41. From the cleared tsahy further dilutions were made
by diluting 2 ml to 100ml volumetric flask, furthdiluted 0.4 ml to 10 ml to obtain 4
pa/ml of Acebrophylline and 24ug/ml of Acetylcysteitheoretically.

The absorbance measurements were made 6 timdsefdorinulation at 273
nm, 220 nm. From the absorptivity values of Acebrdiine and Acetylcysteine at
273 nm, 220 nm, the amount of Acebrophylline an@tjcysteine were determined

by using Simultaneous equation method.

5.5 Part 5: UV Spectrophotometric Method Validation
All the developed UV Spectroscopic methods weradasgtd as per ICH

guidelines for all the selected multicomponent folation.

5.5.1 Linearity

A calibration curve was plotted as concentrafi®®rabsorbance and the

corresponding linearity range was given for thesteld absorption maxima.

1) Losartan was found to be linear in the concentnatemge of 6 to 1@g/
ml at 235nm and chlorthalidone was found to bedline the concentration
range of 0.75 to gg/ml at 215 nm.

2) Atovaquone was found to be linear in the concematange of 7.5 to 20
ug/ ml at 279 nm andProguanil was found to be linedhe concentration
range of 3 to §ig/ml at 254 nm.

3) Acebrophylline was found to be linear in the conraion range of 1 to 6
ug/ ml at 273 nm andAcetylcysteine was found to medr in the
concentration range of 6 to 3&/ml at 220 nm.

Acceptance Criteria : - Coerrelation Coefficient (1) = 0.999
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5.5.2 Precision

The repeatability of the method was confirmed bg tormulation analysis,
repeated for six times with the same concentrafitie. amount of each drug present in
the tablet formulation was calculated. The perget&®SD was calculated. The
intermediate precision of the method was confirrbgdntra-day and inter-day analysis
i.e. the analysis of formulation was repeated thirees in the same day and on three
successive days, respectively. The amount of dwags determined and % RSD was
calculated.
Acceptance Criteria : - % RSD = NMT2

5.5.3 Accuracy

Accuracy of the method was studied by recovery expnts. The recovery
experiments were performed by adding known amouwftsstandard drug to
formulation samples. The recovery was performed three different
concentrationslevels (i.e. 50%, 100% and 150%)s Tinocedure was repeated for
three times for each concentration. The resultecdvery studies were calculated for
%RSD.
Acceptance Criteria : - % RSD = NMT2

5.5.4 Limit of Detection (LOD) and Limit of Quantitation (LOQ)

The limit of detection (LOD) and the limit of quaation (LOQ) of all
selected combination of drugs were derived by dalirg the signal to-noise ratio
using the  following equations  as per the ICH gurcks.
LOD=3.3x/S;LOQ=10x%/S,wheres-standard deviation of the response and S- slope

of calibration curve.

5.6 Part 6: HPTLC Method Development

As we already disccess about the selection at dheerst and wavelength
during the development study of the HPLC and UV huodt so here we have
optimized HPTLC method by selecting following pasier.

High Performance Thin Layer Chromatography workstan principle based
on the adsorption and partition co-efficient of $@mple and the chromatographic
layer. In the present study for the selected coetbidrugs, HPTLC is considered to
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be more suitable because they are economic, spedifiear, precise, accurate,

sensitive and rapid method.

5.6.1 HPTLC method development for Chlorthalidone ad Losartan
Standard stock solution of chlorthalidone and losa@an

100 mg of chlorthalidone and 100 mg of losartanewaecurately weighed and
transfer in to 100ml volumetric flask separatel@nt of methanol was added and
sonicated for 30min and made up to the volume withthanol. 6.25ml of
chlorthalidone and 50ml of losartan was pipette aod transfer in to a 100ml of
volumetric flask and made up to the volume with maebl. From this 2.5ml of the
solution was further diluted to 10ml with methamolcontain This gave 15.68/ml
(15.62ngyl) of chlorthalidone and 12&)/ml (125ngjl)of losartan.
Preparation of sample stock solution

20 tablets (CTD-L tabletd;able claim — 6.25mg of chlorthalidone and 50mg
of losartan]]PCA Ltd) were accurately weighed and the averagghi of each tablet
was calculated and powdered. Weight equalent taairlet 6.25mg of chlorthalidone
and 50mg of losartan was weighed and transferréal 190ml of volumetric flask and
50ml of methanol was added and sonicated for 30 anoh made up to the volume
with methanol. The content was filtered through tnenn filter paper no.41. From
this 1ml of the solution was further diluted to 10mith methanol to contain
62.5ug/ml of chlorthalidone and 5Q@/ml of losartan.
Optimization of Solvent System and ChromatographicConditions

Chromatographic separation studies were carriedouhe stock solution of
chlorthalidone and losartan. The solvent systenmopation experiment was carried
out by the method suggested by Poole Ef.alnitially the plates spotted with 2pl,
62.5ug/ml of chlorthalidone and %@/ml of losartan were developed by linear
ascending development using neat solvents like et@u hexane, methanol,
chloroform, dichloromethane, ethyl acetate, acetoaeetonitrile, etc. without
chamber saturation. Based on the results of th@sal ichromatograms binary and
ternary mixtures of solvents were tried to achiemimum resolution between
chlorthalidone and losartan. Other chromatographanditions like chamber
saturation time, run length, sample applicatior r@bd volume, sample application
positions, distance between tracks, detection veagth, were optimized to give
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reproducible Rvalues, better resolution, and symmetrical peakpshfor the two
drugs.
When chlorthalidone and losartan were applied @tepand the plates were

developed using neat solvents, the results obtauszd-

Solvents Chlorthalidone Losartan

Benzene : spot at;R.46 At initial spot itself

Chloroform : RO0.78 R0.47 (tailing & no clear separation)
Toluene : RO.74 R0.51 (tailing & no clear separation)
Ethyl Acetate : a big spot at R.24 (no separation)

Methanol . (no separation) geparation)

Calibration Experiments

Increasing volumes from the mixed standard stodktism 1 to 6 pl for
chlorthalidone and 2 to 12 ul losartan solutionevapplied on a 20 X 20 cm TLC
plate to obtain the final concentration 300-1806spgt for chlorthalidone and 50-300
ng/spot for losartan. Each concentration was appbehe TLC plates. The plate was
then developed using the previously described raopilase and peak areas were

plotted against the corresponding concentratiomdtain the calibration curves.

Table No 10.0 : Calibration of standards volume an@oncentration standards

applied/spot on plate Losartan and Chlorthalidone

Volume of
Volume of Amount of Amount of
_ losartan _
Standard | chlorthalidone stock 1ock chlorthalidone losartan
stoc
solution applied (pl) _ applied (ng) applied (ng)
solution (ul)
1 2 2 31.25 250
2 4 4 62.5 500
3 6 6 93.75 750
4 8 8 135.0 1000
5 10 10 156.25 1250
6 12 12 187.50 1500

After completion of chromatographic analysis, peeaikas of chlorthalidone

and losartan were noted for each track. Chlortbakdpeak areas (ordinates) were
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plotted against concentration (abscissa) of chédidbne in the mixed standards and
the data of X,Y pairs were subjected to least sglinear regression. The calibration
equation for chlorthalidone was thus obtained.

Similarly, peak areas of losartan were plotted rgfaicorresponding
concentrations and least square regression anakgssperformed to generate the
calibration equation for losartan.

Analysis of a marketed formulation

To determine the content of Chlorthalidone andatdtas in a conventional
tablets (CTD-L tablets;Lable claim — 6.25mg of chlorthalidone and 50mg of
losartan;) 20 tablets were weighed their mean weidgtermined and finally
powdered. The weight of the powder equivalent #6ng of chlorthalidone and 50
mg of losartan was transferred in to a 100 ml vdtria flask containing 50ml of
methanol and sonicated for 30 min and diluted @nilOvith methanol and filtered to
produce the concentration of 6.2Bml of chlorthalidone and %@/ml of losartan
and 1pl the working standard was applied. The fosgicentration obtained was 6.25
ng/spot for chlorthalidone and 50 ng/spot for ltmarwhich was developed in an
optimized mobile phase. The analysis was repeatddplicate. The possibility of
excipient interference with the analysis was exathinThe area of the peak
corresponding to the:Rralue of chlorthalidone and losartan standard weasrded
and the amount present was calculated.

5.7. HPTLC Method Validation
The developed method was validated as per the ICHRQ) guidelines. The
validation parameters studied were accuracy, poegisinearity and range, selectivity

and robustness.

5.7.1 HPTLC Method Validation for Losartan and Chlorthalidone
Linearity and range

Increasing volumes from the mixed standard stodktism 2 to 12 pl for
chlorthalidone and 2 to 12 ul losartan solutionevapplied on a 20 X 20 cm TLC
plate to obtain the final concentration 31.25-18/h§/spot for chlorthalidone and 50-
300 ng/spot for losartan. Each concentration wadiexpto the TLC plates. The plate
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was then developed using the previously describebilsnphase and peak areas were
plotted against the corresponding concentratiomdbtain the calibration curves.
Precision

The precision of the method was verified by repalitg and intermediate
precision studies. Repeatability studies were peréal by analysis of three different
concentrations 93.75, 135.0, 156.2ng/spot forrtmédidone 750, 1000, 1250 ng/spot
losartan, were spotted to a TLC plate from the dsalytions in six replicates and
developed. The intra-day precision (RSD %) wassasskby analyzing standard drug
solutions within the calibration range, six timestbhe same day. Inter-day precision
(RSD %) was assessed by analyzing drug solutiotiénathe calibration range 93.75,
135.0, 156.2 ng/spot for chlorthalidone 750,100801L2g/spot losartan, from the
drug solution in six replicates, on three diffdrdays over a period of a week.
Accuracy

Twenty blank tablets were weighed, powdered and ethixhoroughly.
Quantity equivalent to average weight of the tableas spiked with 80%, 100% and
120% of the label claim of each drug. 80% of latlaim corresponded to 5 mg of
chlorthalidone and 40 mg of losartan, 100% of ladb&@im corresponded to 6.25 mg of
chlorthalidone and 50 mg of losartan while 120%responded to 7.5 mg of
chlorthalidone and 60 mg of losartan. The powdextunés containing 80, 100 and
120% of label claim were dissolved in about 80 rhlneethanol, the resulting
solutions were sonicated for about 30 min and velwmas made up to 100 ml with
methanol. The solutions were filtered and 2 plha filtrate from each solution was
applied on TLC plates for analysis. The analysis warformed in three replicates
over three daysAccuracy was inferred from % relative error while the % RSD
indicated the precision of the method.
Selectivity

Twenty blank tablets were weighed and triturated gnantity equal to the
average tablet weight was analyzétie chromatogram was studied for interference
at the retention times of chlorthalidone and lamari_ack of interfering peaks in the
blank at the retention times of the two drugs vedk®h as indication of the selectivity
of the method.
Specificity
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The specificity of the method was ascertained bglyais of drug standards
and samples.
The identities of the bands for chlorthalidone dodartan were determined by
comparing the R and spectra of the each bands with those of atdad254nnwas
selected for densitometric scanning. Peak puritycfdorthalidone and losartan was
assessed by comparing the spectra of standardsheitle acquired at three different
points of spectra obtained from the sample, he. peak start (S), peak apex (M) and
peak end (E) positions.
Limit of detection and limit of quantification

The detection limit of assay is the lowest concaidn that can be detected
but necessarily quantified; the quantitation limithe lowest concentration that can
be quantified with acceptable precision. The quatbin limit is the lowest level of
analyte that can be reported. The ICH guidelinggsst three different methods for
determining the detection and quantitation limiisey were determined from the
slope of the calibration (S) curve and SD of trenklsample using following
equations:

LOD is calculated by, LOD = 3 X SD/slope of caéibon curve. LOQ can be
calculated as follows, LOQ=10 X SD/slope of calthma curve.
Robustness of the method

Robustness of the proposed TLC densitometric metrasddetermined to
evaluate the influence of small deliberate chamgdise chromatographic conditions
during determination of chlorthalidone and losart&obustness was determined by

changing detection wavelength, duration of satonaéind development distance.

5.6.2 HPTLC Method for Atovaquone and Progunil
Standard stock solution of and proguanil

100 mg of Atovagvone and 100 mg of proguanil wareurately weighed and
transfer in to 100ml volumetric flask separatel@nt of methanol was added and
sonicated for 30min and made up to the volume wmtbthanol. 12.5 ml of
Atovagvone and 5 ml of proguanil was pipette oud &amansfer in to a 100ml of
volumetric flask and made up to the volume with lmebl. This gave 12&/ml
(125ng{u) of Atovaqvone and 50y/ml (50ngful)of proguanil.
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Preparation of sample stock solution

20 tablets (MALARONEtablets; Lable claim — 250mg of Atovagvone and
100mg of proguanil; Glaxo Smithlinekline Pharmacmals Ltd) were accurately
weighed and the average weight of each tablet whsilated and powdered. Weight
equalent to one tablet 250mg of Atovaqvone and Ip0mproguanil was weighed
and transferred in to 100ml of volumetric flask &@inl of methanol was added and
sonicated for 30 min and made up to the volume widthanol. From this solution
1ml was diluted to 10 ml with methanol. The contemas filtered through whatmann
filter paper no.41. From this 1ml of the solutiomsvfurther diluted to 10ml with
methanol to contain 2%@/ml of Atovagvone and 1@@/ml of proguanil.
Optimization of Solvent System and ChromatographicConditions

Chromatographic separation studies were carriedouhe stock solution of
Atovagvone and proguanil. The solvent system op@tion experiment was carried
out by the method suggested by Poole et al. Ihjtidle plates spotted with 4ul,
1251g/ml of Atovaqvone and 5%@/ml of proguanil were developed by linear
ascending development using neat solvents like et@u hexane, methanol,
chloroform, dichloromethane, ethyl acetate, acetoaeetonitrile, etc. without
chamber saturation. Based on the results of th@sal ichromatograms binary and
ternary mixtures of solvents were tried to achiemimum resolution between
Atovaquone and proguanil. Other chromatographiditmms like chamber saturation
time, run length, sample application rate and va@usample application positions,
distance between tracks, detection wavelength, wptienized to give reproducible
Rt values, better resolution, and symmetrical peapstior the two drugs.
Calibration Experiments

Increasing volumes from the mixed standard stodktism 4 to 24 pl for
Atovaquone and proguanil solution were applied @0 & 20 cm TLC plate to obtain
the final concentration 500-3000 ng/spot for Atox@ae and 200-1200 ng/spot for
proguanil. Each concentration was applied to th&€ Tilates. The plate was then
developed using the previously described mobilesptend peak areas were plotted

against the corresponding concentrations to olteirtalibration curves.
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Table No 11.0: Calibration of standards volume an@¢oncentration standards

applied/spot on plate Proguanil and Atovaquone

Volume of Volume of Amount of Amount of
Standard Atovaquone stock | proguanil stock] Atovaquone proguanil
solution applied (ul))  solution (ul) applied (ng) applied (ng)
1 4 4 500 200
2 8 8 1000 400
3 12 12 1500 600
4 16 16 2000 800
5 20 20 2500 1000
6 24 24 3000 1200

After completion of chromatographic analysis, pea&as of Atovagvone and
proguanil were noted for each track. Atovagvonekpaas (ordinates) were plotted
against concentration (abscissa) of Atovagvonéentixed standards and the data of
X,Y pairs were subjected to least square linearessgon. The calibration equation
for Atovaqvone was thus obtained.

Similarly, peak areas of proguanil were plottediagfacorresponding concentrations
and least square regression analysis was perfotmedenerate the calibration

equation for proguanil.

Analysis of a marketed formulation

To determine the content of Atovagvone and proguana conventional
tablets ((MALARONEtablets; Lable claim — 250mg of Atovaqvone and 1§Goh
proguanil) 20 tablets were weighted their mean hteidetermined and finally
powdered. The weight of the powder equivalent t6 &%y of Atovaqvone and 100
mg of proguanil was transferred in to a 100 ml wodtric flask containing 50ml of
methanol and sonicated for 30 min and diluted t@nilOwith methanol and filtered.
Then 1ml of filtered solution was diluted to prodube concentration of 2p§/ml of
Atovagvone and 1Q@/ml of proguanil and 6ul the working standard veaplied.
The final concentration obtained was 1500 ng/spotAtovaqvone and 600 ng/spot
for proguanil which was developed in an optimizedbite phase. The analysis was

repeated in triplicate. The possibility of excigienterference with the analysis was
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examined. The area of the peak corresponding tdRthealue of Atovaqvone and

proguanil standard was recorded and the amoun¢qresas calculated.

5.7.2 HPTLC Method Validation for Atovaquone and Roguanil

The developed method was validated as per the ICHRQ) guidelines. The
validation parameters studied were accuracy, poegisinearity and range, selectivity
and robustness.
Linearity and range

Increasing volumes from the mixed standard stodktism 4 to 24 pl for
Atovagvone and proguanil solution were applied @& 20 cm TLC plate to obtain
the final concentration 500-3000 ng/spot for Atox@aae and 200-1200 ng/spot for
proguanil. Each concentration was applied to th&€ Tilates. The plate was then
developed using the previously described mobilesptend peak areas were plotted
against the corresponding concentrations to obi&calibration curves.
Precision

The precision of the method was verified by repafitga and intermediate
precision studies. Repeatability studies were peréal by analysis of three different
concentrations 1000,1500,2000 ng/spot for Atovagv@d00, 600, 800 ng/spot
proguanil, were spotted to a TLC plate from thegdsolutions in six replicates and
developed. The intra-day precision (RSD%) asse&sednalyzing standard drug
solutions within the calibration range, six timestbhe same day. Inter-day precision
(RSD %) was assessed by analyzing drug solutiotkinvihe calibration range
1000,1500,2000 ng/spot for Atovaqvone 400, 600, 8@fspot proguanil, from the
drug solution in six replicates, on three diffdrdays over a period of a week.
Accuracy

Twenty blank tablets were weighed, powdered and ethixhoroughly.
Quantity equivalent to average weight of the tableas spiked with 80%, 100% and
120% of the label claim of each drug. 80% of latlelm corresponded to 200 mg of
Atovagvone and 80 mg of proguanil, 100% of labalml corresponded to 250 mg of
Atovagvone and 100 mg of proguanil while 120% cgpmnded to 300 mg of
Atovagvone and 120 mg of proguanil. The powder mes$ containing 80, 100 and
120% of label claim were dissolved in about 80 rhlneethanol, the resulting
solutions were sonicated for about 30 min and velwmas made up to 100 ml with

methanol. The solutions were filtered and 6 plha filtrate from each solution was
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applied on TLC plates for analysis. The analysis warformed in three replicates
over three daysAccuracy was inferred from % relative error while the % RSD
indicated the precision of the method.

Selectivity

Twenty blank tablets were weighed and triturated goantity equal to the
average tablet weight was analyzétie chromatogram was studied for interference
at the retention times of Atovaqvone and progudratk of interfering peaks in the
blank at the retention times of the two drugs ve&k®mh as indication of the selectivity
of the method.

Specificity

The specificity of the method was ascertained bglyams of drug standards
and samples.

The identities of the bands for Atovaqvone and pewgl were determined by
comparing the R and spectra of the each bands with those of atdad260nnwas
selected for densitometric scanning. Peak purityAtmvaqvone and proguanil was
assessed by comparing the spectra of standarddhesle acquired at three different
points of spectra obtained from the sample, he. peak start (S), peak apex (M) and
peak end (E) positions.

Limit of detection and limit of quantification

The detection limit of assay is the lowest concaidn that can be detected
but necessarily quantified; the quantitation limithe lowest concentration that can
be quantified with acceptable precision. The guatidin limit is the lowest level of
analyte that can be reported. The ICH guidelinggsst three different methods for
determining the detection and quantitation limiisey were determined from the
slope of the calibration (S) curve and SD of trenklsample using following
equations:

LOD is calculated by, LOD = 3 X SD/slope of calitioa curve. LOQ can be
calculated as follows, LOQ=10 X SD/slope of caltlma curve.

Robustness of the method

Robustness of the proposed TLC densitometric mettasddetermined to
evaluate the influence of small deliberate chamgéise chromatographic conditions
during determination of Atovagvone and proguaibbustness was determined by
changing in detection wavelength and with differamalyst.
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5.6.3 HPTLC Method Development forAcetylcysteine and Acebrofylline
Standard stock solution of acetylcysteine and acebtylline:

100 mg of acetylcysteine (ASCT) and 100 mg of aultline (ASBF) were
accurately weighed and transfer in to 100ml voluioelask separately. 50ml of
methanol was added and sonicated for 30min and ropdé the volume with
methanol. 15ml of acetylcysteine and 2.5ml of aoBfiine was pipette out and
transfer in to a 100ml of volumetric flask and magteto the volume with methanol.
This gave 150g/ml of acetylcysteine and g§/ml of acebrofylline.

Preparation of sample stock solution

20 capsules (PULMOCLEAR capsules; Lable claimQrg of acetylcysteine
and 100mg of acebrofylline; Fourrts (India) Laboras Pvt Ltd) were accurately
weighed and the average weight of each capsule cabsilated and powdered.
Weight equalent to one capsule 600mg of acetylsystand 100mg of acebrofylline
was weighed and transferred in to 100ml of volurodtask and 50ml of methanol
was added and sonicated for 30 min and made upetedlume with methanol. The
content was filtered through whatmann filter paper4l. From this 1ml of the
solution was further diluted to 10ml and 5ml of th&ution diluted to 10 ml with
methanol to contain 3@@/ml of acetylcysteine and 50g/ml of acebrofylline.
Optimization of Solvent System and ChromatographicConditions

Chromatographic separation studies were carriedouhe stock solution of
acetylcysteine and acebrofylline. The solvent systgptimization experiment was
carried out by the method suggested by Poole't aiitially the plates spotted with
2ul (15Qug/ml) of acetylcysteine and (g§/ml) of acebrofylline were developed by
linear ascending development using neat solvekts thluene, hexane, methanol,
chloroform, dichloromethane, ethyl acetate, acetoaeetonitrile, etc. without
chamber saturation. Based on the results of th@sal ichromatograms binary and
ternary mixtures of solvents were tried to achiemimum resolution between
acetylcysteine and acebrofylline. Other chromatoigi@ conditions like chamber
saturation time, run length, sample applicatior rad volume, sample application
positions, distance between tracks, detection veagth, were optimized to give
reproducible Rvalues, better resolution, and symmetrical peakpshfor the two

drugs.
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When acetylcysteine and acebrofylline were appbedplate and the plates

were developed using neat solvents, the resultsradat were-

Solvent Acetylcysteine Acebrofylline
Benzene . a big spot at 863 (no separation)
Chloroform : R0.64R 0.75 (tailing & no clear separation)
Toluene : RO.72R 0.84 (tailing & no clear separation)
Ethyl Acetate . a big spot at B.28 (no separation)
Methanol : RO.12 (no separation)

It was concluded that no single solvent was ableesmlve the two drugs.
Even in the strongest solvent i.e. methanol, theement of both drugs was very less.

Hence, mixtures of solvents were used.

Thus, the solvent system, chloroform: toluene: meth (6:2:2 v/viv) was
selected.
Calibration Experiments

Increasing volumes from the mixed standard stodktism 2 to 12 pl for
acetylcysteine and 2 to 12 ul acebrofylline solutwere applied on a 20 X 20 cm
TLC plate to obtain the final concentration 300-08@/spot for acetylcysteine and
50-300 ng/spot for acebrofylline. Each concentratias applied to the TLC plates.
The plate was then developed using the previoussgribed mobile phase and peak
areas were plotted against the corresponding ctraciems to obtain the calibration

curves

Table No 14.0:Calibration of standards volume and @ncentration standards
applied/spot on plate Acetylcysteine andAcebrofyltie

Volume of Volume of
. ) Amount of Amount of
acetylcysteine acebrofylline . .
Standard . . acetylcysteine | acebrofylline
stock solution stock solution applied (ng) applied (ng)
applied (pl) (1)
1 2 2 300 50
2 4 4 600 100
3 6 6 900 150
4 8 8 1200 200
5 10 10 1500 250
6 12 12 1800 300
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After completion of chromatographic analysis, peakas of acetylcysteine
and acebrofylline were noted for each track. Aastsfeine peak areas (ordinates)
were plotted against concentration (abscissa) etylysteine in the mixed standards
and the data of X,Y pairs were subjected to legstae linear regression. The
calibration equation for acetylcysteine was thusawmied.Similarly, peak areas of
acebrofylline were plotted against correspondingicentrations and least square
regression analysis was performed to generate thération equation for
acebrofylline.

Analysis of a marketed formulation

To determine the content of Acetylcysteine and bedglline in a
conventional capsule (PULMOCLEAR capsules; Lableinsl - 600mg of
acetylcysteine and 100mg of acebrofylline) 20 clgsswvere weighted their mean
weight determined and finally powdered. The weigihthe powder equivalent to 600
mg of acetylcysteine and 100 mg of acebrofyllinesviansferred in to a 100 ml
volumetric flask containing 50ml of methanol andisated for 30 min and diluted to
100ml with methanol and filtered. Then 1ml of fitd solution was diluted to
produce the concentration of 3@Iml of acetylcysteine and b§/ml of acebrofylline
and 2ul the working standard was applied. The fawsicentration obtained was 600
ng/spot for acetylcysteine and 100 ng/spot for eafghine which was developed in
an optimized mobile phase. The analysis was regeateiplicate. The possibility of
excipient interference with the analysis was examhinThe area of the peak
corresponding to the ;Rvalue of acetylcysteine and acebrofylline standass

recorded. Then amount present was calculated.

5.7.3 HPTLC Method Validation for Acetylcysteine ad Acebrofylline

The developed method was validated as per the IHRQ) guidelines. The
validation parameters studied were accuracy, poegisinearity and range, selectivity
and robustness.
Linearity and range

Increasing volumes from the mixed standard stodktism 2 to 12 pl for
acetylcysteine and 2 to 12 ul acebrofylline solutwere applied on a 20 X 20 cm
TLC plate to obtain the final concentration 300-08@/spot for acetylcysteine and
50-300 ng/spot for acebrofylline. Each concentratias applied to the TLC plates.
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The plate was then developed using the previoussgribed mobile phase and peak
areas were plotted against the corresponding ctratiems to obtain the calibration
curves.
Precision

The precision of the method was verified by repalitga and intermediate
precision studies. Repeatability studies were peréal by analysis of three different
concentrations 600,900,1200 ng/spot for acetydiyst 100, 150, 200 ng/spot
acebrofylline, were spotted to a TLC plate from tlhrag solutions in six replicates
and developed. The intra-day precision (RSD%) aseskby analyzing standard drug
solutions within the calibration range, six timestbe same day. Inter-day precision
(RSD %) was assessed by analyzing drug solutiotkinvihe calibration range
600,900,1200 ng/spot for acetylcysteine 100, 2RO, ng/spot acebrofylline, from
the drug solution in six replicates, on threeatint days over a period of a week.
Accuracy

Twenty blank tablets were weighed, powdered and ethixhoroughly.
Quantity equivalent to average weight of the tableas spiked with 80%, 100% and
120% of the label claim of each drug. 80% of latlelm corresponded to 480 mg of
acetylcysteine and 80 mg of acebrofylline, 100%abkl claim corresponded to 600
mg of acetylcysteine and 100 mg of acebrofyllinalevi20% corresponded to 720
mg of acetylcysteine and 120 mg of acebrofyllinBe powder mixtures containing
80, 100 and 120% of label claim were dissolved boua 80 ml of methanol, the
resulting solutions were sonicated for about 30 arnd volume was made up to 100
ml with methanol. The solutions were filtered anduR of the filtrate from each
solution was applied on TLC plates for analysise Enalysis was performed in three
replicates over three day&ccuracy was inferred from % relative error while the
% RSD indicated the precision of the method.
Selectivity
Twenty blank tablets were weighed and triturated goantity equal to the average
tablet weight was analyze@he chromatogram was studied for interference efRh
of acetylcysteine and acebrofylline. Lack of inéenig peaks in the blank at the Rf of
the two drugs was taken as indication of the seigcof the method.
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Specificity

The specificity of the method was ascertained bglyais of drug standards
and samples.

The identities of the bands for acetylcysteine axkbrofylline were
determined by comparing thes R and spectra of the each bands with those of
standards. 215nmwas selected for densitometric scanning. Peak ypuftr
acetylcysteine and acebrofylline was assessed impaong the spectra of standards
with those acquired at three different points pledcra obtained from the sample, i.e.
the peak start (S), peak apex (M) and peak engdgijions.

Limit of detection and limit of quantification

The detection limit of assay is the lowest concaidn that can be detected
but necessarily quantified; the quantitation limithe lowest concentration that can
be quantified with acceptable precision. The guatidin limit is the lowest level of
analyte that can be reported. The ICH guidelinggsst three different methods for
determining the detection and quantitation limiisey were determined from the
slope of the calibration (S) curve and SD of trenklsample using following
equations:

LOD is calculated by, LOD = 3 X SD/slope of caéibon curve. LOQ can be
calculated as follows, LOQ=10 X SD/slope of caltlma curve.
Robustness of the method

Robustness of the proposed TLC densitometric mettasddetermined to
evaluate the influence of small deliberate chamgdise chromatographic conditions
during determination of acetylcysteine and acelliof, Robustness was determined
by changing in detection wavelength,mobile phasgraaon time.

5.8 : HPTLC Method Development and Validation forHerbal Drug Analysis
5.8.1 HPTLC Quantification of L-Dopa in Zandopa pavder

Quantification of L-Dopa in Zandopa powder

Standard stock solution of L-Dopa

10 mg of L-Dopa was weighed and dissolved in 1Cthaoedl and made upto 100 ml
with 0.1NHCI. This gave 1Q@/ml of L-Dopa.

Sample Preparation : 7.5 gm of Zandopa powderafasced with 25ml methanol,
filtered and concentrated to 5ml and mixed with|5frf0.1NHCI
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Mobile Phase : n-Butanol: Water: Acetic acid (8)2:
Detection : @520nm in Densitometry TLC Scanner
Derivatization : Ninhydrine reagent-heat the piat¢é05’C at 5 min
Calibration standards and sample applied on plate
Table No 13.0:Calibration of standards volume and @ncentration standards

applied/spot on plate for L-Dopa

St Volume of standard solution of ~ Amount of L-Dopa
andard . .
L-Dopa applied (ul) applied (ng)

1 0.5 50

2 1 100

3 2 200

4 3 300

5 4 400

6 5 500

Optimized Chromatographic conditions

The samples were applied in form of bands of wlthm on precoated silica
gel aluminum sheets 60 f4 A constant application rate of 150nl/s was selected
according to the recommendations in-built in then®dis software. The application
position (X) and (Y) were kept at 10mm to avoid edgffect. Linear ascending
development was carried out in a twin trough glesamber (20cmx10 cm, 10X10
cm), without using filter paper and without satioat 20 ml mobile phase for 20X10
cm tank and 10 ml for 10X10 cm tank was used peoroatographic development;
the length of chromatogram run was 80 mm. The dpesl plates were dried in the
flow of nitrogen. A visualizing agent, Ninhydrineagent was sprayed on plate and
dried at room temperature. Before densitometricysicay, plates were heated for 5
min in oven at 105°C. Densitometric evaluation lod plates was performed at=
520 nm using a Camag TLC scanner-3 equipped withcats software, using a
Tungsten light source. The slit dimension was lapé X 0.45 mm and 100 nm/s

scanning speed was employed.

5.8.2 HPTLC Method Validation for L-dopa
The developed method was validated as per the IHRQ) guidelines. The
validation parameters studied were accuracy, poegisinearity and range, selectivity

and robustness.
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Linearity and range

Increasing volumes from the mixed standard stodutism 0.5 to 5 pl of L-
dopa solution was applied on a 20 X 20 cm TLC plaieobtain the final
concentration 50-500 ng/spot L-dopa. Each conceotravas applied to the TLC
plates. The plate was then developed using thequgly described mobile phase and
peak areas were plotted against the correspondimgeatrations to obtain the
calibration curves.
Precision

The precision of the method was verified by repalitga and intermediate
precision studies. Repeatability studies were peréal by analysis of three different
concentrations 200,300,400 ng/spot for L -dopa, syadted to a TLC plate from the
drug solutions in six replicates and developed. iftr@-day precision (RSD %) was
assessed by analyzing standard drug solutionsnwiiti@ calibration range, six times
on the same day. Inter-day precision (RSD %) waessed by analyzing drug
solutions within the calibration range 200,300,40®Q/spot for L -dopa from the
sample solution in six replicates, on three déferdays over a period of a week.
Accuracy

Pre quantified herbal formulation was spiked wid?® 100% and 120% of
the label claim of each drug. The powder mixturastaining 80% of constituent (of
guantified sample) (corresponded to 4 mg of L-dpp@P% (corresponded to 5 mg of
L-dopa), 120% (corresponded to 6 mg of L-dopa) waissolved in about 8 ml of
methanol, the resulting solutions were sonicatedafout 30 min and volume was
made up to 10 ml with methanol. The solutions widtered and 2 pl of the filtrate
from each solution was applied on TLC plates fomlgsis. The analysis was
performed in three replicates over three days. Famuwas inferred from % relative
error while the % RSD indicated the precision & thethod.
Selectivity

Twenty blank tablets were weighed and triturated gnantity equal to the
average tablet weight was analyzed. The chromatogvas studied for interference
at the retention time of L-dopa. Lack of interferipeaks in the blank at the retention

times of the two drugs was taken as indicatiorhefdelectivity of the method.
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Specificity

The specificity of the method was ascertained bglyais of drug standards
and samples.

The identities of the bands of L-dopa were deteeahiby comparing the ;R
and spectra of the each bands with those of stded&20nmwas selected for
densitometric scanning. Peak purity for L-dopa veasessed by comparing the
spectra of standards with those acquired at thifésreht points of spectra obtained
from the sample, i.e. the peak start (S), peak &g and peak end (E) positions.
Limit of detection and limit of quantification

The detection limit of assay is the lowest concaidn that can be detected
but necessarily quantified; the quantitation limithe lowest concentration that can
be quantified with acceptable precision. The quatbin limit is the lowest level of
analyte that can be reported. The ICH guidelinggsst three different methods for
determining the detection and quantitation limiisey were determined from the
slope of the calibration (S) curve and SD of trenklsample using following
equations:

LOD is calculated by, LOD = 3 X SD/slope of caéibon curve. LOQ can be
calculated as follows, LOQ=10 X SD/slope of calthma curve.
Analysis of a marketed herbal formulation

Methanolic extract of L-Dopa was applied and depetbaccording to method
described above. Using the calibration data, tlyeession analysis was performed
and from the equation for regression line obtairilee,amount of L-Dopa in Zandopa

powder was determined.

5.8.3 HPTLC estimation for the lawsone and PPD innidica herbal hair dye
Standard stock solution of lawsone and p-phenylen@imnine:

10 mg of lawsone and 10 mg of p-phenylenediamias accurately weighed
and dissolved in methanol to make 10 ml. This gb@@Q.g/ml of lawsone and p-
phenylenediamine respectively. The solutions wearéhér diluted with methanol to
yield working standard solutions having concentratof 5ug/ml for lawsone and

50ug/ml for p-phenylenediamine.
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Optimization of Solvent System and ChromatographicConditions

Chromatographic separation studies were carriecbouhe stock solution of
lawsone and p-phenylenediamine. The solvent sysigtimization experiment was
carried out by the method suggested by Poole dnisiblly the plates spotted with
10ul of stock solution prepared as per sectionnefe developed by linear ascending
development using neat solvents like butanol, hexamethanol, chloroform,
dichloromethane, ethyl acetate, acetone, acetieniétc. Based on the results of these
initial chromatograms binary and ternary mixturésaolvents were tried to achieve
Other

chromatographic conditions like chamber saturatiome, run length, sample

optimum  resolution between lawsone and p-phenyiangde.
application rate and volume, sample applicationitiprs, distance between tracks,
detection wavelength, were optimized to give repoilole R values, better
resolution, and symmetrical peak shape for thedwags.
Calibration Experiments

Increasing volumes of the stock solution preparedper section 1.1 were

applied on a 20 X 20 cm plate to get applied quiestas per table 1.

Table No 14.0:Calibration of standards volume and @ncentration standards

applied/spot on plate for lawsone and p-phenylenedinine

Volume of Amount of
Volume of
p- Amount of p-
lawsone stock : , .
Standard . . phenylenedi| lawsone applied| phenylenedi
solution applied . K .
) amine stoc (ng) amine
solution (ul) applied (ng)
1 2 2 10 100
2 4 4 20 200
3 6 6 30 300
4 8 8 40 400
5 10 10 50 500
6 12 12 60 600
7 14 14 70 700

After completion of chromatographic analysis, peak&as of lawsone and p-
phenylenediamine were noted for each track. Lawgmeak areas (ordinates) were
plotted against concentration (abscissa) of lawsonthe mixed standards and the
data of X,Y pairs were subjected to least squareali regression. The calibration

equation for lawsone was thus obtained.
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Similarly, peak areas of p-phenylenediaminewerettgdio against corresponding
concentrations and least square regression anakgssperformed to generate the
calibration equation for p-phenylenediamine.
Analysis of Marketed Herbal Formulation

To determine the content of lawsone and p-phengliangne in a commercial
herbal formulation (Indica herbal hair dye) , 10@0nof commercial herbal
formulation was accurately weighed and transfem@ds0 ml volumetric flask.
Lawsone and p-phenylenediamine were extracted aut mp to mark with methanol
and then filtered. 0.5ml of the above solution wageetted out in a 10 ml volumetric
flask and made up to the mark with methanol to givénal concentration falling
within the calibration curve.

The peak areas of lawsone and p-phenylenediamieeweferred to the
respective calibration equations to get the amainthe two constituents on the
sample track. The analysis was repeated in trifgicehe content of lawsone and p-

phenylenediamine per in herbal formulation was ttalsulated.

5.8.3 HPTLC Validation for the Lawsone and PPD in hdica herbal hair dye

The developed method was validated as per the IHRQ) guidelines. The
validation parameters studied were accuracy, poegisinearity and range, selectivity
and robustness.
Linearity and range

Increasing volumes from the mixed standard stodktism 2 to 14 pl for
lawsone and p-phenylenediamine solution were aghjpirea 20 X 20 cm TLC plate to
obtain the final concentration 10-70 ng/spot fawdane and 100-700 ng/spot for p-
phenylenediamine Each concentration was appligtidolLC plates. The plate was
then developed using the previously described raopilase and peak areas were
plotted against the corresponding concentratiomdbtain the calibration curves.
Precision

The precision of the method was verified by repalitga and intermediate
precision studies. Repeatability studies were peréal by analysis of three different
concentrations 20,30,40 ng/spot for lawsone an@0, Z00 , 400ng/spot p-
phenylenediamine, were spotted to a TLC plate friive drug solutions in six
replicates and developed. The intra-day preci$®8D%) assessed by analyzing
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standard drug solutions within the calibration m®ngjx times on the same day. Inter-
day precision (RSD %) was assessed by analyzing d&alutions within the
calibration range 20,30,40 ng/spot for lawsone a@@0, 300 , 400ng/spot p-
phenylenediamine from the drug solution in six iegiks, on three different days
over a period of a week.

Accuracy

Pre quantified herbal formulation was spiked wid?%® 100% and 120% of
the label claim of each drug. The powder mixturastaining 80% of constituent (of
guantified sample) (corresponded to 4 mg of lawsard 20 mg of p-
phenylenediamine,100% (corresponded to 5 mg of daesand 25 mg of p-
phenylenediamine), 120% (corresponded to 6 mg wkdae and 30 mg of p-
phenylenediamine) were dissolved in about 8 ml effranol, the resulting solutions
were sonicated for about 30 min and volume was nugde®o 10 ml with methanol.
The solutions were filtered and 2 pl of the filedtom each solution was applied on
TLC plates for analysis. The analysis was perfornmethree replicates over three
days. Accuracy was inferred from % relative errdrilerthe % RSD indicated the
precision of the method.

Selectivity

Twenty blank tablets were weighed and triturated gnantity equal to the
average tablet weight was analyzed. The chromatogvas studied for interference
at the retention times of lawsone and p-phenylameutie. Lack of interfering peaks
in the blank at the retention times of the two drwgas taken as indication of the
selectivity of the method.

Specificity

The specificity of the method was ascertained bglyais of drug standards
and samples.

The identities of the bands for lawsone and p-pleegiamine were
determined by comparing the; R and spectra of the each bands with those of
standards. 254nmwas selected for densitometric scanning. Peakptoit lawsone
and p-phenylenediamine was assessed by compamngpctra of standards with
those acquired at three different points of speobtained from the sample, i.e. the
peak start (S), peak apex (M) and peak end (E}iposi
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Limit of detection and limit of quantification

The detection limit of assay is the lowest conaaidn that can be detected
but necessarily quantified; the quantitation limithe lowest concentration that can
be quantified with acceptable precision. The quatbin limit is the lowest level of
analyte that can be reported. The ICH guidelinggsst three different methods for
determining the detection and quantitation limiisey were determined from the
slope of the calibration (S) curve and SD of trenklsample using following
equations:

LOD is calculated by, LOD = 3 X SD/slope of calibon curve. LOQ can be

calculated as follows, LOQ=10 X SD/slope of calthma curve.
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6. RESULTS AND DISCUSSION

6.1: PART — 1 RESULT FOR HPLC METHOD DEVELOPMENT
In this Part-1 of Results, three newer multicompasenethods are developed by
RP-HPLC method for the simultaneous estimationhoéd drugs combination in the
marketed formulations.
1. HPLC Method Development of Losartan and chlorttaiel in Tablet
formulation.
2. HPLC Method Development Atovaquone and Proguariilahlet formulation.
3. HPLC Method Development Acetylcysteine and Acebliomfy in Capsule

formulation.

6.1.1: HPLC Method Development of Losartan and Chdrthalidone

The literature suvey reveals that there are nurobarethods were available for
Losartan and chlorthalidone alone or in combinatwth other drug but no single
method is available for the estimation of this retgedeveloped novel multicomponet
drug formulation of Losartan and chlorthalidonegablet dosage form so, we have taken
initiative for the development of novel drugs condiion of losartan and chlorthalidone
useful in the treatment of hypertension but, rdgenwe came across with one method

published by Surjyanarayan Mandal ef’ah Jan 22 of 2014.

For the estimation of Losartan and Chlorthalidon&ablet formulation and as we
compared with recented reported metHaour method is quite superior because it is
simple and economical while existing method has lessolution and require more
mobile phase as flow rate is more and not econdrsinee organic phase acetonitrile in

used in 50:50 ratio with buffer solution.

For the development of the method the optimizedmiatographic condition
are fixed after several trails, from that some loé trails were shown with there
respective chromatograms in Fig.No 9.0 to Fig.No.Ol1land the optimized
chromatographic condition for the losartan and khididone are given in below in
Table No. 15.0 and corrousponding typical chrom@gis given in Fig.No 25.0 and

from this developed method marketed formulatiohagartan and Chlorthalidone are
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successfully analyzed by propased method for Taldeind name CTD-L
manufactured by IPCA Pharmaceutical Itd., contgrosartan potassium 50mg and
Chlorthalidone 6.25mg. HPLC assay details are ginérable No 15.0

Table No. 15.0: Optimized Chromatographic conditiorfor Losartan
Chlorthalidone
Flow rate 1.0 ml/min

Column Agilent XDB, C18, 150 x 4.6 mm,.b6
Detector wave length| 254 nm
Column temperature | 30°C

Injection volume 10ul

Run time 8 min

Diluent Water: Acetonitrile (50:50)

Mobile phase Buffer : acetonitrile (70:30 % v/v Btb)
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Fig. No. 25.0: HPLC Chromatogram for Losartan Chlorthalidon

Table No 16.0 HPLC Assay details for Losartan and Glorthalidone

Parameters Losartan Chlorthalidope
Average weight 200mg

Label claim 50mg 6.25mg
Standard peak area (agR857887 463580

Test peak area average 2861997 465415
Standard % purity 100.2% 100.3 %

% drug content 100.3 % 100.3 %
Amount obtained 50.04 mg 6.25 mg
Dilution factor 40 40
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6.1.2: HPLC Method Development of Atovaguone andreguanil:

Atovaquone and Proguanil is very new formulatiocerdgly manufactured by the
first company GLAXOSmith Kline Itd. In the brand name of tablet malarone contgni
Atovaquone 250mg and Proguanil 100mg for treatnagidk the prevention of malaria.
During the method development both drug are noarséed by number of trials (shown
in Fig.No14.0 toFig. No 19.0) performed by changitgyv rate, column change and
mobile phase composition. But two peaks were natlaeparated by the isocratic mode
of separation then we selected gradient methodhayging the mobile phase buffer
concentration with acetonitrile composition witimé for the separation of two drugs.
The mobile phase gradient programme used for tlegaration and optimized

chromatographic condition are given in Table Nd1&hd Table No.17 respectively.

The marketed formulation (Tab. Malarone) of thisnbination is assayed by this
developed method and the assay detailes are givéralblle No.19.0 and respective

typical chromatograme is given in Fig. No 26.0.

Tables No 17.0: Optimized chromatographic conditiorfor Atovagquone and

Proguanil
Flow rate 1.1 ml/min
Column Hypersil BDS, C18, 150 x 4.6 mm5

Detector wave length| 258 nm
Column temperature | 30°C

Injection volume 10uL
Run time 13 min
Diluent Acetonitrile (For Stock Solution)
Methanol (for Further Dilution)
Mobile phase Buffer : Acetonitrile (Gradient Progwaeas below )

Tables No 18.0: Mobile phase gradient programme foAtovaquone and Proguanil

Time Flow Rate % Buffer % Acetonitrile
0 1.1 50 50
3 1.1 50 50
4 1.1 20 80
9 1.1 20 80
9.1 1.1 50 50
12.0 1.1 50 50
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Fig. No. 26.0: HPLC Chromatogram for Atovaquone andProguanil

Tables No 19.0: HPLC Assay details for Atovaquonera Proguanil

Parameters Atovaquone Proguanil
Average weight 500mg

Lable claim 250mg 100mg
Standard peak area (avg) 1297420 437014
Test peak area average 1302301 434215
Standard % purity 99.9 100

% drug content 99.11 99.95
Amount obtained 247.7mg 99.9mg
Dilution factor 100 100

6.1.3: HPLC Method Development of Acetylcysteinerad Acebrophylline
Acetylcysteine and acebrofylline is another neweombination of

multicomponent formulation widely used to treat gmghmatic patient. Ther were no
method reported for simultaneous estimation of ydcgtteine and acebrofylline in
capsule formulation by using RP-HPLC so, we dewatopery novel, simple, economic
method for the estimation of the acetylcysteine akbrofylline in marketed
formulation of capsule dosage form available in <Lég formulation with brand name of
Cap.Pulmoclear manufactured by the fourrts Indid. The number of trails was carried
out for the optimization of the chromatographic dition, the respective chromatograms

for five trails were shown in Fig.No 20.0 to Fig.I26.0 The optimized chromatographic
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condition are given in Table No. 20.0 and HPLC wgsistails is given in Table No.21.0
with typical chromatograme in Fig.No27.0.

Table No 20.0: Optimized chromatographic conditiorfor Acebrophylline &

Acetylcysteine

Flow rate 0.9 ml/min

Column Hypersil BDS, C18, 100 x 4.6 mmy5
Detector wave length 260 nm

Column temperature 30°C

Injection volume SuL

Run time 8 min

Diluent Methanol

Mobile phase Buffer : Acetonitrile (90:10 % v/v [#R)
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Fig. No. 27.0: HPLC Chromatogram for Acetylcysteineand Acebrofylline

Table No 21.0: HPLC Assay details for Acetylcystemand Acebrophylline

Parameters Acetylcysteine Acebrophylline
Average weight 1000 mg

Label claim 600mg 100mg
Standard peak area (avg) 686120 341164
Test peak area average 686157 344065
Standard % purity 99.61 100.4

% drug content 100.3 100.8
Amount obtained 604.1mg 100.39mg
Dilution factor 10 10
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6.2: Part— 2 Results for HPLC Method Validation
The RP-HPLC developed methods were validated atQid® Q2A and USP

guideline and for the different validation paramettLiniarity, Specificity, accuracy,
precision, and system suitability, Robustness, L&D LOQ. The respected data for
each parameter for selected method shown in théowiplgs Losartan and
chlorthalidone shown in Table No. 22.0 and
a. System Suitability

The system suitability of method is an importantapaeter to ensure the
optimized method is valid or not. The system diiity is established by the various
instruments parameters such as retention timg {feoretical plates, taling factors
and peak area % RSD. The system suitability alampaters pass the acceptance
criteria given in Table No 6.0 during the entireipé of validation for all the selected

combination of drug formulations.

6.2.1a: System suitability for Chlorthalidone and_osartan

The % RSD, theoretical plates, resolution andngifactors passes the test for
the suitability, provide that system is suitabletfte conducting the analytical method
validation work. The respective data for Losartad ahlorthalidone is given in Table
No022.0 and 23.0 respectively, for Atovaquone analgBanil is given in Table No
24.0 and 25.0 respectively and for Acetylcysteing Acebrofylline in Table No 26.0
and Table No 27.0 respectively.

Table No 22.0: System Suitability data of Chlorthatlone

No of Injection Retentlor? Time Peak Area USP Plate USP Tailing
Rt (min) Count

1 2.170 462535 2858 1.90

2 2.173 462220 2329 1.93

3 2.175 463198 2496 1.93

4 2.181 465141 2635 1.92

5 2.183 464407 2768 1.92

6 2.190 463980 2756 1.72
Mean - 463580 - -
STD DEV - 1128.5 - -
%RSD - 0.243 - -

SD= Standard deviation, RSD=Relative standard devia
Rt, % RSD, USP plate count, USP Tailing found withn Acceptance criteria
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Table No 23.0: System Suitability data of Losartan

No of Injection Retg‘“of‘ Time Peak Area USP Plate USP Tailing
¢ (min) Count

1 4.537 2858879 2820 1.72
2 4.593 2832002 2589 1.70
3 4.615 2857237 2510 1.66
4 4.640 2860680 1.72 1.70
5 4.698 2869028 1.66 1.66
6 4.756 2869497 1.67 1.71

Mean - 2857887 - -
SD - 13697.84 - -

%RSD - 0.4793 - -

SD= Standard deviation, RSD=Relative standard devia
Rt, % RSD, USP plate count, USP Tailing found withh Acceptance criteria

6.2.2a: System suitability for Atovaquone and Proganil

Table No 24.0: System Suitability data of Proguanil

No of Injection Retg‘“of‘ Time Peak Area USP Plate USP Tailing
¢ (min) Count

1 2.154 440804 4230 1.45
2 2.156 441237 4205 1.47
3 2.168 440863 4181 1.46
4 2.17 431599 4534 1.46
5 2.17 435597 4347 1.45
6 2.18 431983 4449 1.48

Mean - 437014 - -
SD - 4553 - -

%RSD - 1.04 - -

SD= Standard deviation, RSD=Relative standard dewvia

Rt, % RSD, USP plate count, USP Tailing found withn Acceptance criteria

Table No 25.0: System Suitability data of Atovaquoa

No of Injection Retentlon Time Peak Area USP Plate USP Tailing
R; (min) Count

1 9.629 1300879 38384 1.39
2 9.632 1310021 37831 1.39
3 9.657 1309999 38362 1.40
4 9.708 1289375 37426 1.42
5 9.708 1292521 38378 1.40
6 9.779 1281722 38209 1.39

Mean - 1297420 - -
SD - 11524.9 - -

%RSD - 0.9 - -

SD= Standard deviation, RSD=Relative standard devia
Rt, % RSD, USP plate count, USP Tailing found withn Acceptance criteria
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6.2.3a: System suitability for Acetylcysteine andcebrofylline

Table No 26.0: System Suitability data of Acetylcysine

No of Injection Retentlor? Time Peak Area USP Plate USP Tailing
Rt (min) Count

1 2.36 686974 4492 1.09

2 2.362 685310 4513 11

3 2.363 686086 4502 1.1

4 2.367 683964 4290 1.1

5 2.37 686033 4376 1.09

6 2.371 688352 4430 1.09
Mean - 686120 - -
STD DEV - 1485 - -
%RSD - 0.2 - -

SD= Standard deviation, RSD=Relative standard tievia
Rt, % RSD, USP plate count, USP Tailing found withh Acceptance criteria

Table No 27.0: System Suitability data of Acebrofiine

Retention USP Plate
No of Injection Time Peak Area USP Tailing
. Count
R; (min)
1 5.484 340354 5842 0.99
2 5.485 340140 5830 1.0
3 5.504 342289 5843 1.0
4 5.507 338474 5877 1.0
5 5.518 344216 5970 0.99
6 5.533 341513 5715 1.0
Mean - 341164 - -
STD DEV - 1982.1 - -
%RSD - 0.6 - -

SD= Standard deviation, RSD=Relative standard tiewia

Rt, % RSD, USP plate count, USP Tailing found withi Acceptance criteria

b. Linearity

The method is said to be liniear, when the cdiibnacurve is constructed by

the plotting concentration versus peak area oftmaple in the selected range of the

different increasing concentrations.
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In the determination of the linearity, slope, yeirtept, correlation
coefficient and regression coefficient should blewdated and correlation coefficient
should be 0.999. The HPLC method is linear forahe selected drug formulations
and their data were given in below tables and &gur

The linearity data for the losartan and chlorihatie shown in Table No
28.0 and respective calibration is given in Fig. R®.0 and 29.0 respectively, data for
the Proguanil and Atovaquone shown in Table No 294 respectively calibration is
given in Fig. No. 30.0 and 31.0 respectively antadar the Acetylcysteine and
acebrofylline shown in Table No 30.0 and respectiaibration is given in Fig. No.

32.0 and 33.0 respectively.

6.2.1b: Linearity data for Chlorthalidone and Losatan
Table No 28.0: Linearity data for Chlorthalidone and Losartan

. Peak . Peak
Concentration in ppm Concntration in ppm
Sr.No (LOS) area (CTD) area
(LOS) (CTD)
1 12.5 753820 1.5625 131737
2 25 1535317 3.125 253128
3 37.5 2255254 4.6875 367882
4 50 2956937 6.25 485151
5 62.5 3778461 7.8125 606678
6 75 4495215 9.375 713679
Slope 59841.67 Slope 75953.33
Intercept 9060.333 Intercept 9435
Correlation Coefficient 0.999 Correlation Coeffitie| 0.999

*Mean of three determinations

800000 -
700000 - Linearity of the Clorthalidone
600000 -
500000 -
400000 -
300000 -
200000 -
100000 -

0 . . . ; .

y=74745x + 17613
R2=0.999

Area

Concentration (ug/ml)

Fig. No. 28.0: HPLC Calibration Curve for Chlorthalidone
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5000000 -
4500000 Linearity of the Losartan
4000000 -
3500000 -
@ 3000000
5 2500000 -
2000000
1500000
1000000
500000 -

0 . : : ; ; ; ; .

0 10 20 30 40 50 60 70 80

y =59744x + 15358
R2=0.999

Concentration (pg/ml)

Fig. No. 29.0: HPLC Calibration Curve for Losartan

6.2.2b: Linearity data for Proguanil and Atovaquone

Table No 29.0: Linearity data for Proguanil and Atovaquone

. Peak . Peak
Concentration in ppm Concntration in ppm
Sr.No (PROG) area (ATOV) area
(PROG) (ATOV)
1 40 92608 100 283458
2 100 225067 250 665259
3 140 311260 350 934259
4 200 430416 500 1315641
5 240 516706 600 156483p
6 300 645799 750 193023b
Slope 2135.333 Slope 2570.667
Intercept 6208.667 Intercept 19607
Correlation Coefficient 0.999 Correlation Coeffigie| 0.999
*Mean of three determinations
2500000 -
Linearity of the Atovaquone
2000000 -
© 1500000
< y = 2541 x + 35355
1000000 - Rz =0.999
500000 -
0 T T T 1
0 200 400 600 800
Concentration (ug/ml)

Fig. No. 30.0: HPLC Calibration Curve for Atovagquone
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700000 -

600000 - Linearity of the Proguanil
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g 400000 - y =2112.x + 11197

300000 - R2 = 0.999

200000 -

100000 -

0 . : ; ; .
0 50 100 150 200 250 300
Concentration (ug/ml)

350

Fig. No. 31.0: HPLC Calibration Curve for Proguani

6.2.3b: Linearity data for Acetylcysteine and Acebofylline

Table No. 30.0: Linearity data for Acetylcysteine ad Acebrofylline

L Peak . Peak
Concentration in ppm Concntration in ppm
Sr.No (ACST) area (ACBF) area
(ACST) (ACBF)
1 150 174619 25 88736
2 300 355507 50 175892
3 450 514460 75 257873
4 600 690463 100 345418
5 750 855800 125 431317
6 900 1039137 150 515247
Slope 1145 Slope 3428.7
2102.667 2022.333
Intercept Intercept
Correlation Coefficient 0.999 Correlation Coeffitie 0.999
*Mean of three determinations
600000 -
Linearity of the Acebrofylline
500000 -
400000 -
[}
(] =
2 300000 - y 331:33;9%776'
200000 -
100000 -
0 T T T T T T T 1
0 20 40 60 80 100 120 140 160
Concentration (ug/ml)
Fig. No. 32.0: HPLC Calibration Curve for Acebrofylline
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Fig. No. 33.0: HPLC Calibration Curve for Acetylcydeine

c. Accuracy

The accuracy of the method was calculated by tbevery studies at the three
concentration of 50%, 100% and 150% levels bystiaedard addition method and
the mean % recovery was calculated and it should lbetween 98%-102% and the
% RSD should be less than 2.

The developed HPLC method are found to be accuastall the 3 methods
were passes the %RSD and % mean. The accuracyodatze chlorthalidone and
losartan given in Table No. 31.0 and 32.0, Proguami Atovaquone in Table No.
33.0 and 34.0 and Acetylcysteine and acebrofylimeTable No. 35.0 and 36.0
respectively.

6.2.1c: Accuracy for Chlorthalidone and Losartan

Table No. 31.0: Accuracy data for Chlorthalidone

Level | Amount added | Amount recovered | %Recovery | % Mean | % RSD

50% 1.5625 1.569243 100.4316
50% 1.5625 1.562081 99.97319
50% 1.5625 1.566084 100.2294
100% 6.25 6.293178 100.6908
100% 6.25 6.347817 101.565]] 100.3108) 0.869991
100% 6.25 6.329055 101.2649
150% 9.375 9.287201 99.06347
150% 9.375 9.281737 99.00519
150% 9.375 9.428801 100.5739

*RSD=Relative Sandard Deviation
% RSD, % Assay Content found within Acceptance cteria
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Table No. 32.0: Accuracy data for Losartan
Level | Amount added | Amount recovered | %Recovery | % Mean | % RSD
50% 25 25.31801 101.272
50% 25 25.19355 100.7742
50% 25 25.38314 101.5326
100% 50 50.34144 100.6829
100% 50 50.28357 100.5671) 10084 | 0.379
100% 50 50.53741 101.0748
150% 75 75.35674 100.4756
150% 75 75.61834 100.8245
150% 75 75.28347 100.378
*RSD=Relative Sandard Deviation
% RSD, % Assay Content found within Acceptance crigria
6.2.2c: Accuracy for Proguanil and Atovaquone
Table No. 33.0: Accuracy data for Proguanil
Level | Amount added | Amount recovered | %Recovery | % Mean | % RSD
50% 100 99.92131 99.92131
50% 100 99.78361 99.78361
50% 100 100.785 100.785
100% 200 199.3789 99.68946
100% 200 199.0684 99.53419] 100-0003 0445455
100% 200 198.9415 99.47073
150% 300 301.2529 100.4176
150% 300 300.0398 100.0133
150% 300 301.1621 100.3874
*RSD=Relative Sandard Deviation
% RSD, % Assay Content found within Acceptance crigria
Table No. 34.0: Accuracy data for Atovaquone
Level | Amount added | Amount recovered | %Recovery | % Mean | % RSD
50% 250 247.7958 99.11832
50% 250 250.0898 100.0359
50% 250 249.1408 99.65632
100% 500 504.3664 100.8733
100% 500 508.3652 101.673| 100.231| 0.839797
100% 500 505.0766 101.0153
150% 750 754.1513 100.5535
150% 750 746.8775 99.58366
150% 750 746.8051 99.57402
*RSD=Relative Sandard Deviation
% RSD, % Assay Content found within Acceptance crigria
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6.2.3c: Accuracy for Acetylcysteine and Acebrofylhe

Table No. 35.0: Accuracy data for Acetylcysteine

Level | Amount added | Amount recovered | %Recovery | % Mean | % RSD
50% 300 303.0838 101.0279
50% 300 302.724 100.908
50% 300 299.1572 99.71907
100% 600 595.2000 99.20000
100.317| 0.72
100% 600 600.9755 100.1626
100% 600 597.3328 99.55546
150% 900 909.5546 101.0616
150% 900 901.2856 100.1428
150% 900 909.683 101.0759
*RSD=Relative Sandard Deviation
Table No. 36.0: Accuracy data for Acebrofylline
Level | Amount added | Amount recovered | %Recovery | % Mean | % RSD
50% 50 49.93 99.85302
50% 50 50.09 100.1831
50% 50 50.17 100.3348
100% 100 100.67 100.6713
100.864| 0.78
100% 100 102.15 102.1525
100% 100 101.73 101.7314
150% 150 152.02 101.3483
150% 150 150.40 100.2697
150% 150 151.9 101.2353
*RSD=Relative Sandard Deviation
d.Precision

It measures the closeness of the agreement between series of
measurements obtained from the multiple sampleheosame homogenious sample
under the prescribed conditions. The method is saide precise when the % RSD
obtained under different conditions was less tH#n Phe relative standard deviation
(RSD) was found to be less than 2% for selecteg dnmbinations. The Precision
data for Chlorthalidone and Losartan, Proguanil Ataaquone and Acetylcysteine
and Acebrofylline was given in Table No. 37.0, Tablo. 38.0 and Table No. 39.0

respectively.

ULTRA COLLEGE OF PHARMACY, MADURAI 138



CHAPTER 6

RESULTS AND DISCUSSION

6.2.1d: Precision of Chlorthalidone and Losartan

Table No. 37.0: Precision data for Chlorthalidoneand Losartan

Assay Peak Area % Assay Peak Area % Assay
No. (LOS) (LOS) (CTD) (CTD)
01 2875455 100.6147 465373 100.3868
02 2876656 100.6567 465290 100.3689
03 2881896 100.8401 466007 100.5235
04 2859022 100.0397 465226 100.3551
05 2849123 99.69334 463956 100.0811
06 2843289 99.4892 466640 100.6601
Mean 100.2223 Mean 100.3959
% RSD 0.55 % RSD 0.19

6.2.2d: Precision of Proguanil and Atovaquone

*Mean of six determinations

Table No. 38.0: Precision data for Proguanil and Aivaquone

Assay Peak Area % Assay Peak Area % Assay
No. (PROG) (PROG) (ATOV) (ATOV)
01 434205 99.25 1302301 100.27
02 441463 100.92 1288242 99.19
03 439401 100.40 1323567 101.91
04 440291 100.64 1295495 99.75
05 436846 99.86 1292213 99.49
06 435304 99.50 1298902 100.01

Mean 100.09 Mean 100.11
% RSD 0.66 % RSD 0.96

*Mean of six determinations

6.2.3d: Precision of Acetylcysteine and Acebrofylie

Table No. 39.0: Precision data for Acetylcysteinand Acebrofylline

Assay Peak Area % Assay Peak Area % Assay
No. (ACBF) (ACBF) (ACST) (ACST)
01 344629 100.6116 687668 99.82
02 341064 99.57081 686777 99.70
03 344819 100.667 690885 100.29
04 342999 100.1357 684256 99.33
05 346857 101.262 686946 99.72
06 344019 100.4335 680410 98.77

Mean 100.44 Mean 99.61
% RSD 0.56 % RSD 0.51

*Mean of three determinations
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e.Specificity
According to the Pharmacopoeial forum and USP dumeeabsence of peak
at the retention time of analyte (API) from theqabo formulations demonstrates the
specificity of the present method.
As there were no peaks found at the retention tinoés selected
multicomponents placebo formulation
1) Chlorthalidone and Losartan
2) Proguanil and Atovaquone
3) Acetylcysteine and Acebrofylline
Hence, the proposed method was specific for thenason of the above drug
specifically in their formulations. The respectigleromatograme for Chlorthalidone
and Losartan (Fig. 34) Proguanil and Atovaquong.@4), and Acetylcysteine and
Acebrofylline (Fig.36), given in Fig A, B and C,®hs that ther were
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Fig No.34 : Specificity for Chlorthalidone and Losatan
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Fig No.35 : Specificity forProguanil and Atovaquone
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Fig N0.36 : Specificity for Acetylcysteine and Acelofylline

f. Limits of detection (LOD) and limit of quantitation (LOQ)

N O e e e I e
6.00 T.00

The limit of detection and limit of quantificatias the lowest amount of the

analyte in the sample that can be detected andndietd with acceptable precision

and accuracy under the stated experimental conditi®he quantification limit is

expressed as aconcentration of the analyte inaimple. The LOD and LOQ data for

the three HPLC method are calculated by usingifajiéormula.

LOD and LOQ values were estimated by using belamida

LOD = standard deviation / Slope of the regressiguation x 3.3
LOQ = standard deviation / Slope of the regressmumtion x 10

The limit for detection and quantification for theulticomponents drugs given

in the Table No. 40.0 for losartan and chlorthatieloTable No. 41.0 for Atovaguone

and Proguanil, Table No. 42.0 for Acetylcysteind &aebrofylline respectively.

6.2.1f: LOD and LOQ for Chlorthalidone and Losartan
Table No. 40.0: LOD and LOQ data for Chlorthalidoneand Losartan

Sr. No Statistical Parameter Chlorthalidone Losartan
01 Standard deviation 387.439 2209.54
02 Slope of the regression equation 75953 59841

LOD 0.016 0.121

LOQ 0.051 0.369

ULTRA COLLEGE OF PHARMACY, MADURAI

141



CHAPTER 6

RESULTS AND DISCUSSION

6.2.2f: LOD and LOQ for Proguanil and Atovaquone
Table No. 41.0: LOD and LOQ data for Proguanil andAtovaquone

Sr. No Statistical Parameter Proguanil Atovaquone
01 Standard deviation 236.21 2004.55
02 Slope of the regression equation 2135.38 2570.66

LOD 0.365 2.573
LOQ 1.106 7.797

6.2.3f: LOD and LOQ for Acetylcysteine and Acebrofyline
Table No. 42.0: LOD and LOQ data for Acetylcysteie and Acebrofylline

Sr. No Statistical Parameter Acetylcysteine Acebrgiline
01 Standard deviation 521.93 194.78
02 Slope of the regression equation 1145 3429

LOD 1.504 0.187
LOQ 4.558 0.568

g. Robustness
Robustness studies was carried out by deliberateliling changes in the
wavelength, column temperature, mobile composiéind flow rate in order to affect

the method by means of peak symmentary, resolamoretention time.

Here, robustness study was calculated by the chgnfjpw rate by (+/-
0.10ml), by changing mobile phase composition by2%) and column temperature
by (+/- 5°)

In order to demonstrate the robustness of the mdetkgstem suitability
parameter were evaluated and reported in Table 3N0 # Table No 78.0 for all
individual drug which shows that the developed radthwere robust as the % RSD is
calculated for the peak area which is >2 but dnlycase of acetylcysteine and
acebrofylline % RSD is 2>
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RESULTS AND DISCUSSION

Table No. 43.0: Flow rate Change (-0.10ml) data faChlorthalidone

No of Injection Retentlor? Time Peak Area USP Plate USP Tailing
Rt (min) Count

1 2.411 513734 2330 2.08

2 2.418 517817 2519 1.96

3 2.421 521530 2430 1.93

4 2.424 516313 2492 1.97

5 2.424 516242 2456 1.95

6 2.426 527019 2478 2.02
Mean - 518776 - -
SD - 4782.5 - -
%RSD - 0.92 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

Table No. 44.0: Flow rate Change (-0.10ml) data fdrosartan

No of Injection RetennoQ Time Peak Area USP Plate USP Tailing
Rt (min) Count

1 5.499 3234056 2514 1.58

2 5.528 3226686 2612 1.59

3 5.566 3229433 2286 1.63

4 5.571 3236188 2587 1.71

5 5.593 3302380 2379 1.71

6 5.642 3261566 2645 1.61
Mean - 3248385 - -
SD - 29234.7 - -
%RSD - 0.89 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

Table No. 45.0: Flow rate Change (+0.1ml) data fo€hlorthalidone

No of Injection Retentloq Time Peak Area USP Plate USP Tailing
Rt (min) Count

1 1.961 418569 2402 2.01

2 1.967 418521 2316 1.99

3 1.969 418185 2270 1.93

4 1.971 419027 2442 1.89

5 1.982 419351 2608 1.92

6 1.989 419528 2630 1.88
Mean - 418863 - -
SD - 523.5 - -
%RSD - 0.12 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<
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Table No. 46.0: Flow rate Change (+0.10ml) data fdrosartan

Retention
o ) USP Plate N
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 4.395 2626251 2444 1.67
2 4.423 2625742 2445 1.61
3 4.464 2625363 2440 1.65
4 4.486 2621211 2647 1.60
5 4.556 2617474 2704 1.58
6 4.565 2626618 2558 1.57
Mean - 2623776 - -
SD - 3657.2 - -
%RSD - 0.1 - -

Interpretation- Method was found to be stable faarging Flow rate %RSD2<

6.2.1g2: B) Change in Mobile Phase Composition foChlorthalidone and
Losartan

Table No. 47.0: Mobile Phase composition Change %2 data for Chlorthalidone

Retention
o ) USP Plate -
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 2.101 483960 2486 2.13
2 2.103 483577 2619 2.16
3 2.103 483782 2398 2.12
4 2.105 482278 2662 2.11
5 2.107 487405 2390 2.01
6 2.111 488522 2462 2.16
Mean - 484921 - -
SD - 2455.6 - -
%RSD - 0.50 - -

Interpretation- Method was found to be stable fargging Mobile Phase composition
%RSD2<
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Table No. 48.0: Mobile Phase composition Change ¢4 data for Losartan
Retention
o ) USP Plate N
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 4216 2968253 2399 1.64
2 4.225 2952161 2433 1.66
3 4231 2903801 2648 1.59
4 4231 2916514 2490 1.68
5 4.248 2906424 2476 1.69
6 4.269 2901646 2563 1.63
Mean - 2924800 - -
SD - 28355.5 - -
%RSD - 0.96 - -

Interpretation- Method was found to

composition %RSD2<

be stable fbarging Mobile Phase

Table No. 49.0: Mobile Phase composition Change (%) data for

Chlorthalidone

Retention
o ) USP Plate N
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 2.209 481406 2391 2.07
2 2.211 460854 2515 2.13
3 2.216 468083 2636 2.08
4 2.223 472902 2350 2.07
5 2.224 463263 2571 2.13
6 2.225 469136 2500 2.11
Mean - 469274 - -
SD - 7332.4 - -
%RSD - 1.56 - -

Interpretation- Method was found to be stable fbarging Mobile Phase

composition %RSD2<
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Table No. 50.0: Mobile Phase composition Change (%) data for Losartan

Retention
o ) USP Plate N
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 5.681 2900566 2636 1.69
2 5.719 2895347 2505 1.61
3 5.742 3024038 2621 1.67
4 5.753 2936759 2538 1.64
5 5.768 2930303 2571 1.69
6 5.798 2969486 2539 1.64
Mean 2942750
SD 48041.4
%RSD 1.6

Interpretation- Method was found to be stable fbarging Mobile Phase
composition %RSD2<

6.2.1g3: C) Change in Column Temperature for Chlohalidone and Losartan

Table No. 51.0: Column Temperature Change (-5°) datfor Chlorthalidone

Retention
o ) USP Plate N
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 2.116 478638 2371 1.96
2 2.148 483015 2315 1.97
3 2.153 462809 2115 2.05
4 2.154 468837 2163 2.03
5 2.158 474117 2261 2.03
6 2.166 468564 2193 2.07
Mean - 472663 - -
SD - 7396.3 - -
%RSD - 1.56 - -

Interpretation- Method was found to be stable fdrargying column

temperature %RSD2<
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Table No. 52.0: Column Temperature Change (-5°) da for Losartan

Retention
o ) USP Plate N
No of Injection Time Peak Area USP Tailing
. Count
Rt (min)
1 5.049 2938142 2340 1.67
2 5.097 2922899 2375 1.61
3 5.114 3028595 2255 1.71
4 5.134 2958899 2340 1.54
5 5.150 3034194 2357 1.60
6 5.197 2985120 2408 1.56
Mean - 2977975 - -
SD - 46385.1 - -
%RSD - 1.55 - -

Interpretation- Method was found to be stable fdrarging column
temperature %RSD2<

Table No. 53.0: Column Temperature Change (+5°) da for Chlorthalidone

No of Injection Retentior.l Time Peak Area USP Plate USP Tailing
R; (min) Count

1 2.069 459312 2525 1.90

2 2.076 459445 2484 1.98

3 2.077 460149 2829 1.96

4 2.084 456605 2758 1.94

5 2.087 462166 2675 1.87

6 2.088 460251 2760 1.88
Mean - 459655 - -
SD - 1809.3 - -
%RSD - 0.39 - -

Interpretation- Method was found to be stable foarmging column temperature
%RSD2<
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Table No. 54.0: Column Temperature Change (+5°) da for Losartan

. Retention Time USP Plate .
No of Injection , Peak Area USP Tailing
Rt (min) Count

1 4.785 2890396 2744 1.50

2 4.821 2882212 2817 1.56

3 4.831 2892717 2576 1.60

4 4.866 2908988 2863 1.53

5 4.904 2896057 2827 1.55

6 4.927 2898343 2985 1.59
Mean - 2894785 - -
SD - 8917.6 - -
%RSD - 0.30 - -

Interpretation- Method was found to be stable fdranging column

temperature %RSD2<

6.2.2g1A) Change in Flow rate for Proguanil and Advaguone
Table No. 55.0: Flow rate Change (-0.10ml) data fé’roguanil

o Retention Time USP Plate .
No of Injection . Peak Area USP Tailing
Rt (min) Count

1 2.405 511553 4476 1.56

2 2.410 505066 4485 1.58
Mean - 508310 - -
SD - 4587.6 - -
%RSD - 0.90 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

Table No. 56.0: Flow rate Change (-0.10ml) data ftovaquone

o Retention Time USP Plate -
No of Injection _ Peak Area USP Tailing
R; (min) Count

1 10.500 1487441 34496 1.40

2 10.552 1457424 34927 1.37
Mean - 1472432 - -
SD - 21225.5 - -
%RSD - 1.44 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<
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Table No. 57.0: Flow rate Change (+0.10ml) data f&roguanil

o Retention Time USP Plate .
No of Injection _ Peak Area USP Tailing
R; (min) Count

1 1.988 399146 4006 1.52

2 1.999 397772 4294 1.46
Mean - 398459 - -
STD DEV - 971.6 - -
%RSD - 0.24 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

Table No. 58.0: Flow rate Change (+0.10ml) data féA\tovaquone

o Retention Time USP Plate .
No of Injection _ Peak Area USP Tailing
R; (min) Count

1 9.202 1187276 37553 1.44

2 9.258 1180557 37004 1.43
Mean - 1183917 - -
STD DEV - 4750.9 - -
%RSD - 0.40 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

6.2.2g2: B) Change in Mobile Phase Composition fédtroguanil and Atovaquone

Table No. 59.0: Mobile Phase Composition change2f4) data for Proguanil

o Retention Time USP Plate .
No of Injection . Peak Area USP Tailing
Rt (min) Count

1 2.113 467216 3848 1.61

2 2.119 463287 3843 1.58
Mean - 465252 - -
STD DEV - 2778.0 - -
%RSD - 0.59 - -

Interpretation- Method was found to be stable foargying mobile phase composition

%RSD2<
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Table No. 60.0: Mobile Phase Composition change2s) data for Atovaquone

RESULTS AND DISCUSSION

o Retention Time USP Plate .
No of Injection _ Peak Area USP Tailing
R; (min) Count

1 9.524 1377647 3637 1.56

2 9.549 1362107 3708 1.54
Mean - 1369877 - -
STD DEV - 10988.2 - -
%RSD - 0.80 - -

Interpretation- Method was found to be stable faarnging mobile phase composition
%RSD2<

Table No. 61.0: Mobile Phase Composition changeZ%) data for Proguanil

o Retention Time USP Plate .
No of Injection . Peak Area USP Tailing
Rt (min) Count

1 2.187 477395 3941 1.61

2 2.196 479495 4214 1.63
Mean - 478445 - -
STD DEV - 1485.0 - -
%RSD - 0.31 - -

Interpretation- Method was found to be stable foargying mobile phase composition
%RSD2<

Table No. 62.0: Mobile Phase Composition change (%) data for Atovaquone

o Retention Time USP Plate -
No of Injection . Peak Area USP Tailing
Rt (min) Count

1 9.653 1429591 3735 1.55

2 9.688 1419772 3695 1.54
Mean - 1424681 - -
STD DEV - 6943.1 - -
%RSD - 0.48 - -

Interpretation- Method was found to be stable foargying mobile phase composition
%RSD2<
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6.2.2g3:C) Change in Column Temperature for Proguaihand Atovaquone

Table No. 63.0: Column Temperature change (-5°) datfor Proguanil

o Retention Time USP Plate .
No of Injection . Peak Area USP Tailing
R: (min) Count

1 2.148 481215 3574 1.63

2 2.158 478841 4083 1.69
Mean - 480028 - -
SD - 1678.5 - -
%RSD - 0.34 - -

Interpretation- Method was found to be stable foarmging column temperature

%RSD2<

Table No. 64.0: Column Temperature change (-5°) datfor Atovaquone

No of Injection Retention Time Peak Area USP Plate USP Tailing
Rt (min) Count
1 9.686 1419222 3457 1.56
2 9.826 1411916 3470 1.56
Mean - 1415569 - -
SD - 5166.4 - -
%RSD - 0.36 - -
Interpretation- Method was found to be stable foarmging column temperature
%RSD2<
Table No. 65.0: Column Temperature change (+5°) datfor Proguanil
No of Injection Retentior.1 Time Peak Area USP Plate USP Tailing
Rt (min) Count
1 2.153 460728 4286 1.50
2 2.169 466669 4545 1.49
Mean - 463698 . -
SD - 4200.8 - -
%RSD - 0.90 - -

Interpretation- Method was found to

%RSD2<

be stable fomrmging column temperature
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Table No. 66.0: Column Temperature change (+5°) datfor Atovaquone

No of Injection Retentlor? Time Peak Area USP Plate USP Tailing
Rt (min) Count
1 9.474 1391335 4026 1.43
2 9.487 1386154 3995 1.45
Mean - 1388744 - -
SD - 3663.6 - -
%RSD - 0.26 - -

Interpretation- Method was found to be stable foarmging column temperature

%RSD2<

6.2.3g1: A) Change in Flow Rate for Acetylcysteinend Acebrofylline

Table No. 67.0: Flow Rate change (-0.1ml) data f@kcetylcysteine

No of Injection Retentloh Time Peak Area USP Plate USP Tailing
R; (min) Count

1 2.622 774842 4544 1.11
2 2.625 782195 4472 1.11
3 2.630 777897 4516 1.08
4 2.630 775340 4536 1.08
5 2.631 779703 4523 1.09
6 2.631 772235 4550 1.09

Mean - 777035 - -
SD - 3611.2 - -

%RSD - 0.46 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

Table No. 68.0: Flow Rate change (-0.10ml) data f@cebrofylline

No of Injection Retentloq Time Peak Area USP Plate USP Tailing
Rt (min) Count

1 6.012 383697 6059 0.99
2 6.048 387015 6150 1.00
3 6.064 381578 6011 1.00
4 6.071 384265 6083 0.99
5 6.074 385533 5978 0.99
6 6.082 386273 5966 0.99

Mean - 384727 - -
SD - 1972.9 - -

%RSD - 0.51 - -
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Table No. 69.0: Flow Rate change (+0.10ml) data f@cetylcysteine

No of Injection Retentlor_1 Time Peak Area USP Plate USP Tailing
R, (min) Count

1 2.334 697975 4251 1.09

2 2.335 699011 4285 1.09

3 2.340 695904 4491 1.09

4 2.341 694966 4495 1.10

5 2.348 694073 4374 1.09

6 2.352 693331 4321 1.09
Mean - 695877 - -
STD DEV - 2226.7 - -
%RSD - 0.31 - -

Interpretation- Method was found to be stablecfuainging flow rate %RSD2<

Table No. 70.0: Flow Rate change (+0.10ml) data féxcebrofylline

No of Injection Retennor_l Time Peak Area USP Plate USP Tailing
R; (min) Count

1 5.376 347473 5831 0.99

2 5.379 345439 5876 1.00

3 5.384 346244 5725 0.99

4 5.419 344648 5804 0.99

5 5.430 343814 5858 0.99

6 5.434 343739 5911 0.99
Mean - 345226 - -
STD DEV - 1460.8 - -
%RSD - 0.42 - -

Interpretation- Method was found to be stable faarging flow rate %RSD2<

6.2.3g2: B) Change in Mobile Phase Composition foAcetylcysteine and
Acebrofylline
Table No. 71.0: Mobile Phase Composition change %9 data for Acetylcysteine

No of Injection Ret(;:r?r(:]riln')ﬂme Peak Area U?:IZUF;I?te USP Tailing

1 2.212 763472 4569 1.08

2 2.212 748796 4607 1.08

3 2.215 766401 4452 1.08

4 2.217 763566 4404 1.08

5 2.218 755764 4389 1.09

6 2.229 763390 4712 1.07
Mean - 760231 - -
STD DEV - 6639.1 - -
%RSD - 0.87 - -

Interpretation- Method was found to be stable fdrargging Mobile Phase
Composition %RSD2<
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Table No. 72.0: Mobile Phase Composition change % data for Acebrofylline

Retention
N(.) . of Time Peak Area USP Plate USP Tailing
Injection R: (min) Count

t

1 4716 365795 5829 1.00
2 4,722 373145 5719 1.00
3 4,735 374013 5847 1.00
4 4,738 373303 5826 0.99
5 4,745 371388 5772 0.99
6 4.754 372022 5779 1.00
Mean - 371611 - -
STD DEV - 3001.0 - -
%RSD - 0.80 - -

Interpretation- Method was found to be stable fdrarmging Mobile Phase
Composition %RSD2<

Table No. 73.0: Mobile Phase Composition change (%) data for Acetylcysteine

Retention
NO Qf Time Peak Area USP Plate USP Tailing
Injection . Count
R, (min)
1 2.544 746464 4402 1.07
2 2.550 749432 4451 1.08
3 2.554 745956 4371 1.10
4 2.558 745236 4421 1.09
5 2.562 744338 4448 1.07
6 2.563 751269 4440 1.07
Mean - 747116 - -
STD DEV - 2669.6 - -
%RSD - 0.35 - -

Interpretation- Method was found to be stable fdrargging Mobile Phase
Composition %RSD2<

Table No. 74.0: Mobile Phase Composition change (%) data for Acebrofylline

No of Injection Retennor_l Time Peak Area USP Plate USP Tailing
R, (min) Count

1 6.561 364312 5956 0.97

2 6.570 364747 6036 0.98

3 6.581 366602 5966 0.97

4 6.589 365120 5869 0.98

5 6.592 364710 6038 0.97

6 6.599 367003 6016 0.97
Mean - 365416 - -
STD DEV - 1111.6 - -
%RSD - 0.30 - -

Interpretation- Method was found to be stable fdrarnging Mobile Phase
Composition %RSD2<
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6.2.3g3: C) Change in Column Temperature for Acetylysteine and
Acebrofylline
Table No. 75.0: Column Temperature change (-5°) datfor Acetylcysteine

Retention
No of . Peak USP Plate .
o Time USP Tailing
Injection _ Area Count
Rt (min)
1 2.287 752464 4482 1.09
2 2.312 804424 4535 1.09
3 2.337 775656 4500 1.09
4 2.345 776062 4576 1.09
5 2.355 777579 4549 1.09
6 2.361 780106 4625 1.09
Mean - 177715 - -
STD DEV - 16514.8 - -
%RSD - 2.12 - -

Interpretation- Method was found to be quite unstafor changing column
temperature %RSD<2
Table No. 76.0: Column Temperature change (-5°) datfor Acebrofylline

Retention
No of _ Peak USP Plate .
o Time USP Tailing
Injection . Area Count
Rt (min)
1 5.187 366248 5905 0.99
2 5.284 395634 5798 0.99
3 5.365 379941 5928 0.99
4 5.395 379578 5945 0.99
5 5.436 381667 5994 0.99
6 5.441 383067 5888 0.98
Mean - 381022 - -
STD DEV - 9377.1 - -
%RSD - 2.46 - -

Interpretation- Method was found to be quite unstafor changing column

temperature %RSD<2
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Table No. 77.0: Column Temperature change (+5°) datfor Acetylcysteine
Retention
No of _ Peak USP Plate N
o Time USP Tailing
Injection . Area Count
Rt (min)
1 2.251 702056 4482 1.09
2 2.256 699473 4451 1.10
3 2.261 704747 4448 1.09
4 2.262 704874 4449 1.09
5 2.269 699151 4262 1.09
6 2.270 697754 4428 1.09
Mean - 701343 - -
STD DEV - 3024.6 - -
%RSD - 0.43 - -

Interpretation- Method was found

%RSD2<

Table No. 78.0: Column Temperature change (+5°) datfor Acebrofylline

Retention
No of _ Peak USP Plate -
o Time USP Tailing
Injection _ Area Count
Rt (min)
1 4.980 349081 5630 0.99
2 5.046 347306 5827 0.99
3 5.052 349272 6009 0.99
4 5.063 345338 5921 0.99
5 5.064 349022 5879 0.99
6 5.078 346715 5910 0.98
Mean - 347789 - -
STD DEV - 1599.0 - -
%RSD - 0.45 - -

Interpretation- Method was found to be stable foarmging column temperature

%RSD2<
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From the above studies it was found that the d@esl are successfully
validated as per ICH guideline and all 3 methodslmoation were found to be
stable, accurate, precise linear, and robust audfalind to be very simple economic,
and time saving methods and can be successfuliytedldor analysis of the marketed

formulations in the respective dosage forms.

6.3: Part — 3 Results for Forced Degradation Studipy RP-HPLC

The forced degradation studies are carried out @emsevere conditions than
accelerated condition in order to demonstrate fipigi of the stability indicating
method®. As there were no specification in the regulatgyidelines about the
conditions of Ph, temperature and specific oxidizagents to be used for the study.
Here, forced degradation studie¥' were carried out for Losartan and chlorthalidone,
atovaquone and proguanil and acetylcysteine anorafgdline marketed formulation by
using RP-HPLC method by expoxing sample to stressedlitions like acid, base
peroxide, temperature, and uv or fluorescence fighphoto-stability?.

Here sample (selected multicomponents) is easitirdlysed by acid and base
treatment with the formulation here in acid degtetawe used 2N of the concentration
of acid for acid degradation and 2N Conc. Of baas used for the hydrolyzing the drug
compounds. In oxide degradation, mostly suggesyddolgen peroxide 2% was used, for
thermal degradation sample is exposed at 105%f@n@ photolysis is done by exposing
sample under the uv light for 7 days and the %rafjddegradation is given in Table
No0.79.0 for Losartan and chlorthalidone and theraldgd chromatograms with acid,
base, peroxide, temperature and uv light were showig. No37.0 to 41.0 respectively
and for atovaquone proguanil it is given in Table80.0 and degraded chromatograms
in Fig.No42.0 to 46.0 respectivly and for actyleyse and acebrofylline is given in
Table N0.81.0 and degraded chromatograms were showhkig.No47.0 to 51.0
respectivly.

6.3.1: Chlorthalidone and Losartan

From the literature survey shows the presenceatfilgly indicating method of
losartan with hydrochlorthiazide by sheikh Atliand Losartan with enalapril maleate by
bhaumik patél' So, here we are developing new stability indigatmethod for the

simultaneous estimation of the losartan and chédithne in tablet formulation.
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In the degradation study of losartan and shows hb#t the drugs were quite
stable in the both acid and the base as the dagrada was below the 10% for the both
losartan and chlorthalidone while the combinatisnmore suseptible to the peroxide
degradation where losartan is degraded by 11% hklodticalidone is degraded by 9.35%
while both the drug where stable in the both thérma the photolysis degradation. The

data for forced degradation study for Chlorthaliel@md Losartan is given in Table No.

79.0

Table No. 79.0: Data of forced degradation study faChlorthalidone and Losartan

Losartan Chlorthalidone

% Active
drug remain

Peak Area

Stress condition
Degradation
time
Peak Area
% degradation
% Active
drug remain
% degradation

Standard Drug NA 1179776 NA NA 126663 NA | NA

Acid 30 min | 1084312 8.10 | 91.90 1212374.29| 95.71
Base 30 min| 10623509.96 | 90.04 1182466.65| 93.35
Peroxide 30 min| 108422111.16| 88.84 114823 9.35| 90.65
Thermal 6hrs 11190415.15 | 94.85 1183316.58| 93.42
UV-Light 7days 1149282 2.59 | 97.41 122566 3.24 | 96.76
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Fig. No. 37.0: Acid degraded chromatogram for Losaan and Chlorthalidone
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6.3.2: Atovaquone and Proguanil

Table No. 80.0: Data of forced degradation study foAtovaquone and Proguanil

c Atovaquone Proguanil

2 c

= @]

= = c c c c

5 S o o =) v © o S| o @®

&) o £ b4 © = £ b © = £

2 o = £ 3 |c¢ 3|8

(7] 4 o © 4 o ]

= Q 0] 2 | e S o 2| e >

o o 3 |85 | & 3|5
St;:‘udgard NA | 2351105 NA NA |498868] NA | NA

Acid 30 min 2207658 6.11 93.89| 466716 6.45 93.55
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Fig. No. 42.0: Acid degraded chromatogram for Atovguone and Proguanil
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Fig. No. 43.0: Base degraded chromatogram for Atovmione and Proguanil
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Fig. No. 46.0: Photo degraded chromatogram for Ataaguone and Proguanil
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6.3.3: Acetylcysteine and Acebrophylline
Table No. 81.0: Data of forced degradation study foAcetylcysteine and
Acebrophylline

Acetylcysteine Acebrophylline
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N 8 o i~ 5 <LE> b X X ® = E
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Acid 30min | 607589 10.74 89.26 | 32281P 6.28 93.72
Base 30min | 617323 9.31 90.69 | 314732 8.63 91.37
Peroxide 30min | 613425 9.88 90.12 | 316865 8.01 91.99
Thermal 6hrs 641366 5.78 94.22 | 33103y 3.9 96.1
Photo 7 days | 645223 5.21 94.79 | 329141 4.45 95.55
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Fig. No. 47.0: Acid degraded chromatogram for Acetgysteine and Acebrophylline
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Fig. No. 480: Base degraded chromatogram foAcetylcysteine and Acebrophylline
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6.4 Part — 4 Results For Uv Spectrophotometric Métod Development
6.4.1: UV Spectroscopic Method Development of Lostan and chlorthalidone:

The literature suvey reveals that very few metfddare available
spectrophometrically for the estimation of the &ndrug but there were no single
spectroscopic method is available for the simulbaseestimation of Losartan and
chlorthalidone in tablet dosage form so that weetlgped spectroscopic method for
the estimation of Losartan and chlorthalidone bidhdosage form. In developed uv
method of losartan and chlorthalidone water isctetk as solvent since both drugs
are soluble in water and all other polar solvehgnt From the stock solution of
losartan and chlorthalidone 8ug/ml and 1ug/ml cotregion solutions were prepared
respectively and scanned in uv range from 200 inAQ then from Overlay spectra
we selected absorption maxima (ax) 235nm and 215nm for losartan and
chlorthalidone respectively the overlay spectrshiswn inFig. No. 52.0.The method
is applied for the assay of marketed formulationsbyultaneous equation method.

The respective data are givenTiable No. 82.0
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Fig. No. 52.0: Overlay spectra of Losartan and Chighalidone
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Table No. 82.0: UV Spectrophotometric assay Resulfisr Losartan and
Chlorthalidone

Label claim Estimated Amount % of lable claim
Drug name
(mg/tab) (mg/tab) S.D (n=6)
Losartan 50 51.135 102.27
Chlorthalidone 6.25 6.280625 100.49

6.4.2: UV Method Development of Atovaquone and Pragnil

The literature suvey reveals that very few meth¥d§® are available
spectrophometrically for the estimation of the &ndrug atovaquone in bulk and
tablet dosage forms but there were no single spezdpic method is available for the
simultaneous estimation of Atovaquone and Proguaniablet dosage form so that
we developed spectroscopic method for the estimatfoAtovaquone and Proguanil
in tablet dosage form. During the development ofnuethod of Atovaquone and
Proguanil water is selected as solvent since batlgsdare soluble in water and all
other polar solvent, then From the stock solutidgnAtovaquone and Proguanil
10pg/ml and 4pg/ml concentration solutions wergared respectively and scanned
in uv range from 200 to 400nm, then from Overlagcd@m we selected absorption
maxima L max) 279nm and 254nm for Atovaquone and Proguaspyectively for
the estimation by Simultaneous equation methodowerlay spectra is shown in
Fig. No. 53.0.The method is applied for the assay of marketedhddation by

simultaneous equation method. The respective datgizen inTable No. 83.0
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Fig. No. 53.0: Overlay spectra of Atovaguone and Bguanil
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Table No. 83.0: UV Spectrophotometric assay Resslfor Atovaquone and

Proguanil
Label claim Estimated Amount % of lable claim S.D
Drug name
(mg/tab) (mg/tab) (n=6)
Atovaquone 250 251.175 100.47
Proguanil 100 99.24 99.24

6.4.3 UVMethod Development of Losartan and chlorthidone:
The literature suvey reveals that number of spectpic methods are

available for the estimation of the single drug kaogylline’®®%%’

and single
acetylcystein®® in bulk and tablet dosage forms and with other drug
combinatiofi*®* but there were no single spectroscopic method alable for the
simultaneous estimation of Acetylcysteine and amfghine in capsule dosage form
so that we developed spectroscopic method for shienation of Acetylcysteine and
acebrofylline in capsule dosage form. During thereflgoment of uv method of
Acetylcysteine and acebrofylline methanol is seldas solvent since both drugs are
soluble in methanol and all other polar solvengntiFrom the stock solution of
Acetylcysteine and acebrofylline 4pug/ml and 24pugbmhcentration solutions were
prepared respectively and scanned in uv range 2@dto 400nm, then from Overlay
spectra we selected absorption maximenéx) 273nm and 220nm for Acetylcysteine
and acebrofylline respectively for the estimatign Simultaneous equation method
the overlay spectra is shownhig. No. 54.0.The method is applied for the assay of
marketed formulation by simultaneous equation nukthbthe respective data are

given inTable No. 84.0
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Fig. No. 54.0: Overlay spectra of Acebrophylline ath Acetylcysteine

Table No. 84.0: UV Spectrophotometric assay Ressilftor Acebrophylline and

Acetylcysteine
Label claim | Estimated Amount | % of lable claim S.D
Drug name
(mg/tab) (mg/tab) (n=6)
Acebrophylline 100 101.81 101.81
Acetylcysteine 600 598.968 99.828

6.5: Part — 5 UV Spectrophotometric Method Validatons
The developed UV Spectroscopic methods for selectanbination of
multicomponent formulation were successfully vakdh for different validation
parameters per ICH/USP guidelines and respecteal fdateach parameter of the
selected method shown in following tables.
6.5.1a: Losartan and Chlorthalidone
a. Linearity

The method is said to be liniear, when the calibraturve is constructed by
the plotting concentration versus Absorbance ofsdaple in the selected range of
the different increasing concentrations. In theedatnation of the linearity, slope, y-
intercept, correlation coefficient and regressioefticient should be calculated and
correlation coefficient should be 0.999. here, kkasaand Chlorthalidone was found

to be liniear in range of 6 - 16 pg/ml and 0.75g2ml and coerrelation coefficient was
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0.9999 and 0.9998 respectively. The Linearityalfat Losartan and Chlorthalidone
was given inTable No. 85.0the calibration curve for the losartan and chldrtioee

was given irFig. No. 55 and 56.0 respectively.

Table No. 85.0: UV Spectroscopy Data for Losartaand Chlorthalidone

Absorbance Absorbance
Concentration in AT 235nm Concentration in AT 215nm
Sr.No ppm (LOS) (LOS) ppm (CTD) (CTD)
1 6 0.267 0.75 0.092
2 8 0.362 1 0.121
3 10 0.457 1.25 0.151
4 12 0.563 1.5 0.178
5 14 0.658 1.75 0.209
6 16 0.759 2 0.237
Slope 0.0493 Slope 0.1161
Intercept -0.0317 Intercept 0.0050
Correlation
Correlation Coefficient 0.9998 Coefficient 0.9999
0.8 -
0.7 UV Calibration Curve for Losartan
0.6 -
Q
e 0.5 -
s y = 0.049x - 0.031
o 0.4 - R? = 0.999
2
< 03 -
0.2 -
0.1 -
O T T T 1
0 5 10 15 20
Concentration (ug/ml)

Fig. No. 55.0: UV Calibration Curve for Losartan
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2 2_0.
2 R? =0.999
0.1 -
0.05 -
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Concentration pg/ml)
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Fig. No. 56.0: UV Calibration Curve for Chlorthalidone

6.5.2a: Atovaquone and Proguanil

Atovaquone and Proguanil spectroscopic method waadf to be liniear in

range of 3 - 8 pg/ml and 7.5 — 20 pug/ml and coaticed coefficient was 0.9994 and

0.9997 respectively. The Linearity Data for Atovage and Proguanil was given in

Table No. 86.0the calibration curve for the Atovaquone and Pragusas given in
Fig. No. 57.0 and 58.0 respectively.

Table No. 86.0: UV Spectroscopy Data for Atovaquanand Proguanil

Absorbance Absorbance
Concentration in AT 254nm Concentration in AT 279nm
Sr.No ppm (PROG) (PROG) ppm (ATOV) (ATOV)
1 3 0.154 7.5 0.365
2 4 0.199 10 0.479
3 5 0.255 12.5 0.593
4 6 0.313 15 0.699
5 7 0.366 17.5 0.824
6 8 0.417 20 0.944
Slope 0.0535 Slope 0.0461
Intercept -0.0104 Intercept 0.0164
Correlation
Correlation Coefficient 0.9994 Coefficient 0.9997
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945 7 yv calibration Curve for Proguanil
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y =0.053x - 0.010
R?=0.999

0.25 -
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0.05 -
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Fig. No. 57.0 UV Calibration Curve for Proguanil

UV Calibration Curve for Atovaquone
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Fig. No. 58.0 UV Calibration Curve for Atovaguone
6.5.3a: Acetylcysteine and Acebrofylline
Acetylcysteine and Acebrofylline spectroscopic methvas found to be liniear
in range of 6 - 36 pg/ml and 1 — 6 pg/ml and cdetice coefficient was 0.9994 and
0.9997 respectively. The Linearity Data for Aceygieine and Acebrofylline was given
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in Table No. 87.0the calibration curve for the Acetylcysteine anceBfylline was

given inFig. No. 59 and 60.0 respectively.

Table No. 87.0: UV Spectroscopy Data for Acetylcyane and Acebrofylline

Concentration | Absorbance | Concentration Absorbance
in ppm AT 220nm in ppm AT 273nm
Sr.No (ACST) (ACST) (ACBF) (ACBF)
1 6 0.167 1 0.04
2 12 0.317 2 0.082
3 18 0.456 3 0.129
4 24 0.628 4 0.167
5 30 0.755 5 0.21
6 36 0.919 6 0.256
Slope 0.0249 Slope 0.0429
Intercept 0.0157 Intercept -0.0028
Correlation Correlation
Coefficient 0.9995 Coefficient 0.9997
o; UV Calibration Curve for Acetylcysteine
0.8 -
g o07-
S 06 -
S y = 0.025x + 0.015
2 05 1 R?=0.999
0.4 -
0.3 -
0.2 -
0.1 -
0 ; : : . . ; ; .
0 5 10 15 20 25 30 35 40
Concentration pg/ml)

Fig. No. 59.0: UV Calibration Curve for Acetylcysekine
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0.3 -
0.5 UV Calibration Curve of Acebrofylline
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0 T T T T T T 1
0 1 2 3 4 5 6 7
Concentration (mcg/mL)
Fig. No. 60.0: UV Calibration Curve for Acebrofylline
b. Accuracy

The accuracy of the method was determined by regastady. The accuracy
of an analytical method should be established acitssrange. The accuracy of the
method was calculated by the recovery studies aittlihree concentration of 50%,
100% and 150% levels by the standard addition atetind the mean % recovery
was calculated and it should be in between 98%-18aétthe % RSD should be less
than 2.
6.5.1b: Chlorthalidone and Losartan

The developed UV method are found to be accuaatall the 3 methods
were passes the %RSD and % mean. The accuracfod#ita chlorthalidone and
losartan given ifTable No. 88.0 and 89.0espectively

Table No. 88.0: UV Spectroscopy Accuracy Data faChorthalidone

% level Spiked amount Amount found % recovery
50% 0.5 0.48 96.54
100% 1 0.99 98.67
150% 15 1.49 99.65

% Mean 98.29
Standard Deviation 1.59
% RSD 1.61
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Table No. 89.0: UV Spectroscopy Accuracy Data fdrosartan

% level Spiked amount Amount found % recovery
50% 4 4.07 101.74
100% 8 8.09 101.11
150% 12 11.79 98.28

% Mean 100.38
Standard Deviation 1.84
% RSD 1.83

6.5.2b: Atovaquone and Proguanil

The developed UV method are found to be accuaatall the 3 methods

were passes the %RSD and % mean. The accuracfod#ta Proguanil and

Atovaquone is given ifiable No. 90.0 and 91.@espectively

Table No. 90.0: UV Spectroscopy Accuracy Data fdProguanil

% level Spiked amount Amount found % recovery
50% 2 1.98 98.98
100% 4 3.99 99.67
150% 6 5.92 98.69

% Mean 99.11
Standard Deviation 0.50
% RSD 0.50

Table No. 91.0: UV Spectroscopy Accuracy Data faktovaquone

% level Spiked amount Amount found % recovery
50% 5 4.98 99.64
100% 10 9.82 98.21
150% 15 14.91 99.38

% Mean 99.08
Standard Deviation 0.76
% RSD 0.77
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6.5.3b: Acetylcysteine and Acebrofylline

The developed UV method are found to be accuaatall the 3 methods
were passes the %RSD and % mean. The accuracfod#ta Acetylcysteine and
Acebrofylline is given inTable No. 91.0 and 92.0espectively

Table No. 92.0: UV Spectroscopy Accuracy Data fakcetylcysteine

% level Spiked amount Amount found % recovery
50% 12 11.98 99.83
100% 24 24.01 100.04
150% 36 35.93 99.80

% Mean 99.89
Standard Deviation 0.13
% RSD 0.13

Table No. 93.0: UV Spectroscopy Accuracy Data fakcebrofylline

% level Spiked amount Amount found % recovery
50% 2 2.00 99.93
100% 4 4.00 100.01
150% 6 5.99 99.89

% Mean 99.94
Standard Deviation 0.06
% RSD 0.06
c. Precision

It measures the closeness of the agreement between series of
measurements obtained from the multiple sampléeeosame homogenious sample
under the prescribed conditions. The method is &aige precise when the % RSD
obtained under different conditions was less tH#n Phe relative standard deviation

(RSD) was found to be less than 2% for selected daunbinations.
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The developed method was found to be Precise &R&D was less than 2

Table No. 94.0: UV Spectroscopy Precision Data fawosartan and Chlorthalidone

Intra-Day Precision Inter-Day Precision
ST CTD LOS CTD LOS
1 103.54 102.30 97.67 102.59
2 100.61 102.44 97.67 102.59
3 103.54 102.30 100.61 102.44
4 100.61 102.44 100.61 102.44
S 100.61 102.44 100.61 102.44
6 100.61 102.44 97.67 102.59
Mean 101.59 102.40 99.14 102.52
SD 1.52 0.07 1.61 0.08
%RSD 1.49 0.07 1.62 0.07

6.5.2c: Proguanil and Atovaquone

The developed method was found to be Precise &R&D was less than 2

Table No. 95.0: UV Spectroscopy Precision DatarfProguanil and Atovaquone
Intra-Day Precision Inter-Day Precision
Sr.No PROG ATOV PROG ATOV
1 101.32 99.51 102.84 99.07
2 98.70 100.65 98.06 100.72
3 98.47 100.96 97.83 101.03
4 97.41 100.79 99.35 100.58
5 97.18 101.10 101.09 99.82
6 101.09 99.82 99.57 100.27
Mean 99.03 100.47 99.79 100.25
SD 1.79 0.65 1.90 0.71
%RSD 1.80 0.64 1.90 0.70
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6.5.3c: Acetylcysteine and Acebrofylline

The developed method was found to be Preciseed@RSD was less than 2

Table No. 96.0: UV Spectroscopy Precision Data f@cetylcysteine and

Acebrofylline
Intra-Day Precision Inter-Day Precision
Sr:No ACST ACBF ACST ACBF
1 99.75 101.98 99.04 101.68
2 99.34 102.01 99.69 101.95
3 99.40 101.19 99.81 102.10
4 99.10 101.86 99.34 102.13
5 99.69 101.77 99.75 101.98
6 99.87 102.04 99.75 101.70
Mean 99.52 101.81 99.56 101.92
SD 0.29 0.32 0.31 0.19
%RSD 0.29 0.31 0.30 0.19

d. LOD and LOQ
6.5.1d: Losartan & Chlorthalidone
The lower limit of detection and lower limit of quéication is calculated in
Table No. 96.0
Table No. 97.0: UV Spectroscopy LOD and LOQ Data fd_osartan &
Chlorthalidone

Drug Name Parameter Used LOD LOQ
STEYX(SD) 0.0032

Losartan 0.21 0.64
SLOPE 0.0493
STEYX(SD) 0.0008

Chorthalidone 0.024 0.07
SLOPE 0.1161
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6.5.2d: Proguanil and Atovaguone

RESULTS AND DISCUSSION

The lower limit of detection and lower limit of quéication is calculated in

Table No. 97.0

Table No. 98.0: UV Spectroscopy LOD and LOQ Datéor Proguanil and

Atovaquone

Drug Name Parameter Used LOD LOQ
. STEYX(SD) 0.0035

Proguanil 0.22 0.66
SLOPE 0.0535
STEYX(SD) 0.0055

Atovaquone 0.39 1.19

SLOPE 0.0461

6.5.3d: Acetylcysteine and Acebrofylline

The lower limit of detection and lower limit of quéeation is calculated in

Table No. 98.0

Table No. 99.0: UV Spectroscopy LOD and LOQ Dataof Acetylcysteine and

Acebrofylline

Drug Name Parameter Used LOD LOQ

_ STEYX(SD) 0.0096
Acetylcysteine 1.28 3.87

SLOPE 0.0249

' STEYX(SD) 0.0021
Acebrofylline 0.17 0.50

SLOPE 0.0429
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Table No. 100.0: UV Summary of Results for selecteCombinations

Losart | Chlorthalid | Progua | Atovaqu | Acetylcyste | Acebrofyll
Parameter ) ) ]
an one nil one ine ine
Absorption
maxima 235nm 215nm 279 254 220 273
(Amay) I NM
Beers law
o 6to 16 0.75t0 2 3-8 7.5-20 6-36 1-6
limit (ug/ml)
Correlation
- 0.9998 0.9999 0.9994 0.9997 0.9995 0.999
coefficient(r)
Regression
- 0.9996 0.9998 0.9988 0.9994 0.9990 0.999
Coefficient(f)
Regression
equation 0.0493 0.1161 0.0535 0.0461 0.0249 0.042
Slope
Intercept -0.0317 0.0050 -0.010 0.0164 0.015] 0280
STEYX 0.0032 0.0008 0.0035 0.0055 0.0096 0.002
LOD(pg/ml) 0.21 0.024 0.22 0.39 1.28 0.17
LOQ(pg/ml) 0.64 0.07 0.66 1.19 3.87 0.50
Recovery(102
- 100.38 98.29 99.11 99.08 99.89 99.94
98%)&(%RS-| (1.83) (1.61) (0.50) (0.77) (0.13) (0.06)
D)
Intraday
precision(%R| 0.07 1.49 1.79 0.65 0.29 0.31
SD)
Interday
precision(%R| 0.0770 1.623 1.90 0.71 0.30 0.19
SD)
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6.6: Part — 6 Results for HPTLC Method Development

Losartan and Chlorthalidone

6.6.1: Optimization of Solvent System and Chromatagphic Conditions for
Losartan and Chlorthalidone

When chlorthalidone and losartan were applied oatepland the plates were

developed using neat solvents, the results obtaireed-

Solvent Chlorthalidone Losartan

Benzene : spot atiR.46 At initial spot itself

Chloroform : RO0.78 R0.47 (tailing & no clear
separation)

Toluene : RO.74 R0.51 (tailing & no clear
separation)

Ethyl Acetate : a big spot at R.24 (no separation)

Methanol . (no separation) geparation)

It was concluded that no single solvent was ableeswlve the two drugs.
Even in the strongest solvent i.e. methanol, theem@nt of both drugs was very less.
Hence, mixtures of solvents were used.

Thus, the solvent system, Toluene: chloroform:nmehammonia
(2.3:5.0:2.0:0.2v/vivIv) was selected.

The samples were applied in form of bands of wRlthm on precoated silica
gel aluminum sheets 60,54, As the samples were prepared in methanol, spreading
bands was avoided. A constant application rate50frl/s was selected according to
the recommendations in-built in the Wincats sofevarhe application position (X)
and (Y) were kept at 10mm to avoid edge effecteamascending development was
carried out in a twin trough glass chamber (20cmei) 10X10 cm), without using
filter paper and without saturation. 20 ml mobileape for 20X10 cm tank and 10 ml
for 10X10 cm tank was used per chromatographic Idpweent; the length of
chromatogram run was 80 mm. The developed plateg waed in the flow of
nitrogen Densitometric scanning was performed enreflectance- absorbance mode
at 254 nm. The slit dimension was kept at 6 X @b and 100 nm/s scanning speed
was employed. The source of radiation was deutelamp emitting continuous UV

spectrum between 190 and 400nm.
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Table No. 101.0: HPTLC Optimized Chromatographic Cadition for

chlorthalidone and losartan

RESULTS AND DISCUSSION

Stationary phase

Pre coated silica gel,&0Bn aluminium
sheets (Merck)

Mobile phase
(2.3:5.0:2.0:0.2v/vIVIV)

: Toluene: chloroform:methanol:ammoni

Chamber saturation 20 min
Migration distance 80 mm
Band width 8mm

Slit dimensions 6% 0.45 mm

Source of radiation

Deuterium lamp

Scanning wavelength

254 nm
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Fig No 61.0: HPTLC Overlay spectra of chlorthalidore and losartan
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Fig. No 62.0 chromatogram of mixed calibration stadards of chlorthalidone and
losartan.

Table N0102.0: HPTLC Assay Results for LOS &CTD

S.No Drug Label claim Amount % content | %RSD
(mg/tablets) found

1. Chlorthalidong 6.25 6.23+0.02 100.01+014 1.20

2. Losartan 50 49.80+0.10 99.67+0.1 1.14

*Mean of 6 determinations

o
LR ]

(Rl

Lisartan

24

Fig No 63.0 : Representative chromatogram of chlonalidone (R 0.26) and
losartan (R; 0.37)
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Atovaquone and Proguanil

6.6.2: HPTLC Optimization of Solvent System and Chomatographic Conditions
When proguanil hydrochloride and atovaquone wemdiegh on plate and the plates
were developed using neat solvents, the resultsredat were-

Solvent Proguanil hydrochloride Atovaquone

Benzene : No movement No movement

Chloroform : No movement (no separation)

Toluene : R0.52 R0.65 (tailing & no clear separation)
Ethyl Acetate : #0.34 R0.48 (tailing & no clear separation)
Methanol : R0.1R 0.21 (tailing & no clear separation)
THF : R0.89 Spot goes to solvent front

It was concluded that no single solvent was ableesmlve the two drugs.
Even in the strongest solvent i.e. methanol, theem@nt of both drugs was very less.
Hence, mixtures of solvents were used.

Thus, the solvent system, THF: water (6:4 v/v) salected.

The samples were applied in form of bands of withmm on precoated
silica gel aluminum sheets 60 k&, As the samples were prepared in methanol,
spreading of bands was avoided. A constant appicaate of 150 nl/s was selected
according to the recommendations in-built in then®dis software. The application
position (X) and (Y) were kept at 10mm to avoid edgffect. Linear ascending
development was carried out in a twin trough glesamber (20cmx10 cm, 10X10
cm), without using filter paper and without satioat 20 ml mobile phase for 20X10
cm tank and 10 ml for 20X10 cm tank was used peoroatographic development;
the length of chromatogram run was 80 mm. The dpesl plates were dried in the
flow of dry air with the help of an air drier. Detmnetric scanning was performed in
the reflectance- absorbance mode at 260 nm. Theislension was kept at 6 X 0.45
mm and 100 nm/s scanning speed was employed. Theees@f radiation was
deuterium lamp emitting continuous UV spectrum leetav190 and 400nm.
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Table N0.103.0 : HPTLC Optimized Chromatographic Cadition for

Atovagvone and proguanil

Stationary phase X Pre coated silica gel,&0Bn aluminium
sheets (Merck)

Mobile phase : THF: water (6:4 v/v)
Chamber saturation : 20 min
Migration distance : 80 mm
Band width : 10mm
Slit dimensions : 6% 0.45 mm
Source of radiation : Deuterium lamp
Scanning wavelength : 260 nm
24000 -
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19000 -
14000 -
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Fig.No 64.0: Chromatogram of mixed calibration stanards of Atovaqvone and

proguanil
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Table No 104.0: HPTLC Assay Results for ATOV and PRG

Label claim Amount Rs
S.No Drug % content | %RSD
(mg/tablets) found
1. | Atovaquone 250 251.39+0.03 100.60+0.03 0.61 | 0.74
2. Proguanil 100 100.46+£0.00 100.46+0/010.39 | 0.32

*Mean of 6 determinations

BOD -

400 -4

v Atovagquone
Proguanil
00 -

=
]
200 —
100
Ve _Wm e e . b a—
T
oah

o
=014 oba oG (=X -] oeQ

o

Fig. No 65.0: Representative chromatogram of Atovagne (Rf 0.78) and proguanil (Rf 0.36)
Acetylcysteine and Acebrofylline

6.6.3: HPTLC Optimized Chromatographic Condition for Acetylcysteine and
Acebrofylline.

The samples were applied in form of bands of wRlthm on precoated silica
gel aluminum sheets 60,5, As the samples were prepared in methanol, spreading
bands was avoided. A constant application rate50fril/s was selected according to
the recommendations in-built in the Wincats softwarhe application position (X)
and (Y) were kept at 10mm to avoid edge effecteamascending development was
carried out in a twin trough glass chamber (20cmei) 10X10 cm), without using
filter paper and without saturation. 20 ml mobileape for 20X10 cm tank and 10 ml
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for 10X10 cm tank was used per chromatographic ldpweent; the length of
chromatogram run was 80 mm. The developed plateg weed in the flow of
nitrogen Densitometric scanning was performed enréflectance- absorbance mode
at 215 nm. The slit dimension was kept at 6 X @b and 100 nm/s scanning speed
was employed. The source of radiation was deutelamp emitting continuous UV

spectrum between 190 and 400nm.

Table No. 105.0: HPTLC Optimized Chromatographic Cadition for

acetylcysteine and acebrofylline.

Stationary phase X Pre coated silica gel,&0Bn aluminium
sheets (Merck)

Mobile phase : chloroform: toluene: methanol (82v/v)

Chamber saturation : 20 min

Migration distance : 80 mm

Band width ; 8mm

Slit dimensions : 6% 0.45 mm

Source of radiation : Deuterium lamp

Scanning wavelength : 215 nm

500 - _
- . Acetylcysteine
: Acebrofylline
400 - ] y
300 -
200 -
100 -
O T T 1 1
200 250 300 350 400

Fig.No 66.0 : HPTLC Overlay spectra of Acetylcysteie and Acebrofylline
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Table N0106.0: HPTLC Assay Results for ATOV and PRG

Label claim Amount

S.No Drug % content | %RSD
(mg/capsule) found

1. | Acetylcysteing 600 600.02+2.02| 100.01+1.10 1.10

2. Acebrofylline 100 99.66+1.10] 99.66+1.34 1.34

*Mean of 6 determinations
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Fig. No 67: Representative chromatogram of acetyisteine (Rf 0.37) and acebrofylline (Rf
0.26)

6.7: HPTLC METHOD VALIDATION
6.7.1 : Losartan and Chlothalidone
6.7.1a: Linearity (Calibration Experiments)

Linearity was confirmed by the calibration expemtse Linear regression data
for the calibration plots revealed good linear tielsships between area and
concentration over the ranges 31.25-187.5 ng/smotlilorthalidone and 250-1500
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ng/spot for losartan. The linear regression equatiwere Y=1.1513 X + 681.25 and
Y=1.9872 X +13.623

plots show regression?rbeing0.9955 and 0.9800 for chlorthalidone and losartan

respectively.

Table No 107.0;: HPTLC Calibration data for Chlorthalidone

for chlorthalidone and losartaspectively. The calibration

Amount Peak Area of replicate Mean Standard
Standard | applied 1 5 3 peak area| deviation of peak
(ng) area
1 31.25 730.23 732.29| 732.12 731.54 1.14
2 62.5 754.61 758.91| 756.23 756.58 2.17
3 93.75 770.32772.41| 771.68 771.47 7.06
4 125 805.96 812.21| 804.98 807.71 3.92
5 156.2 865.34 862.33| 864.62 864.09 1.57
6 187.5 910.69912.54| 911.56 911.59 0.92
Equation| y =1.1513x + 681.25
R 0.9955
Table No 108.0 : HPTLC Calibration data for Losartan
Amount Peak Area of replicate Mean Sta.nd.ard
Standard applied peak ared deviation
1 2 3 of peak
(ng)
area
1 250 14100.26 14146.57| 14124.43 14123.75 23.16
2 500 14785.30 14776.22| 14775.12| 14778.88 5.58
3 750 14998.41 14997.58| 14996.68 14997.55 0.86
4 1000 15540.6815544.49| 15532.45 15539.17 6.14
5 1250 15994.7115997.69 15982.78 15991.72 7.8¢
6 1500 16762.4216759.98 16761.36| 16761.25 1.12
Equation | y=1.9872x + 13623
R 0.9800
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The calibration curves for chlorthalidone and Itesarare given irFig 68 and

Fig 69 respectively.

HPTLC Linearity of Chlorthalidone

1000
800 - .*./I/-/.
® 600 - y =1.1513x + 681.25
< 400 - R?=0.9955
200 -
0 . T T )

0 50 100 150 200

Conc (ng/spot)

Figure No 68.0:HPTLC Calibration curve for Chlorthalidone

HPTLC Linearity of Lorsartan
17000 ~

16500 -
16000 -
15500 -
15000 -
14500 -
14000 -
13500 | . . .

0 500 1000 1500 2000
Conc (ng/spot)

area

y =1.9872x + 13623
R2=0.9800

Figure No 69.0:HPTLC Calibration curve for Losartan
6.7.2a: Linearity Atovaquone and Proguanil

Linearity was confirmed by the calibration experitse Linear regression data
for the calibration plots revealed good linear tielsships between area and
concentration over the ranges 500-3000 ng/sptimvaquone and 200-1200 ng/spot
for Proguanil The linear regression equations were8.1639x + 79.147and y =
9.536x + 956.88 for Atovaquone and Proguanil respely. The calibration plots
show regression {r being 0.9998 and 0.9958 for chlorthalidone andatt@n
respectively Table No. 109.0, 110.0 and Fig 70.0,71
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Table No 109.0.HPTLC Calibration data for Atovaquone

Peak Area of replicate Mean | Standard
Amount .
_ peak | deviation
Standard applied
1 2 3 area of peak
(ng)
area
1 500 4144.13| 4128.04 4159.11 4143,76 15.538
2 1000 8200.47| 8262.68 8186.36 8216.50 40.61
3 1500 12304.48 12378.02 12292.95 1232%.15 46.15
4 2000 16450.75 16410.82 16380.23 16413.93 35.36
5 2500 20524.14 20496.81 20981.44 20667.46272.25
6 3000 24434.34 24401.28 2445169 24429.10 25.60
Equation | y =8.1639x + 79.147
R° 0.9998
Table No 110.0HPTLC Calibration data for proguanil
Peak Area of replicate Mean| Standard
Amount o
. peak | deviation
Standard applied
1 2 3 area of peak
(ng)
area
1 200 2602.12| 2584.14 2562.4(7 258291 19.85
2 400 4256.14| 4298.68 4210.11 485498 44.30
3 600 6946.43| 5980.34 6040.5¢4 6822.44541.23
4 800 8654.51| 8612.89 8694.74 8854.05 40.93
5 1000 10646.47 10597.34 10541.47 10595.09 52.53
6 1200 12346.03 12290.02 12212.67 12082.87 67.02
Equation | y =9.536x + 956.88
R 0.9954

The calibration curves for Atovaquone and proguarel given inFig 70 and

Fig 71 respectively.
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30000 ~

25000 1 Linearity of Atovaquone

20000 -

y = 8.1639x + 79.147
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Figure No. 70.0: HPTLC Calibration curve for Atovaguone

14000 HPTLC Linearity of proguanil
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Figure No71.0: HPTLC Calibration curve for Proguanil

6.7.3a: Linearity (Calibration Experiments) Acetylcysteine and Acebrofylline
Linearity

Linearity was confirmed by the calibration experitse Linear regression data
for the calibration plots revealed good linear tietsships between area and
concentration over the ranges 600-3600 ng/spotafmtylcysteine and 100-600
ng/spot for acebrofylline. The linear regressionaopns were Y=0.151 X + 9.4224
and Y=0.1628 X — 7.0707 for acetylcysteine andbaafylline respectively. The
calibration plots show regressiorf)(being 0.9998 and 0.999 for acetylcysteine and
acebrofylline respectively (Table 111,112 Fig 78 @4).
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TableNo 111.0: HPTLC Calibration data for Acetylcygeine

Amount Peak Area of Triplicate
Standard applied Mean peak area
1 2 3
(ng)
1 300 814 746 851 804+53.25
2 600 1637 1621 1584| 1614+27.18
3 900 2453 2408 2495 2452+43.50
4 1200 3172 3239 3272 3228+50.95
5 1500 4315 4016 3986/ 4106+181.90
6 1800 4825 4761 4883| 4823+61.024
Equation | y=1.352x+1722.5
Slope 1.352
Intercept | 1722.5
Correlation
coefficient | 0.9901
(r)
R 0.9901

Table No 112.0: HPTLC Calibration data for Acebrofylline

Amount Peak Area of replicate
Standard applied Mean peak areatSD
1 2 3
(ng)
1 50 600 612 608 607+6.11
2 100 1243 1197 1204 1215+24.78
3 150 1864 1825 1813| 1834+26.66
4 200 2389 2468 2457| 2438+42.79
5 250 3036 3054 2943 3011+59.57
6 300 3642 3587 3679| 3636+46.29
Equation | y=12.078x + 9.8
Slope 12.078
Intercept | 9.8
Correlation
coefficient | 0.9998
(r)
R° 0.9995

ULTRA COLLEGE OF PHARMACY, MADURAI

194




CHAPTER 6 RESULTS AND DISCUSSION

The calibration curves for acetylcysteine and aaigtime are given irFig 75

andFig 74 respectively.
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Fig. No 72.0: Representative chromatogram of mixedalibration standards
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Fig.No 73.0: HPTLC Calibration curve for Acetylcysteine

ULTRA COLLEGE OF PHARMACY, MADURAI

195



CHAPTER 6 RESULTS AND DISCUSSION

HPTLC Linearity of Acebrophylline
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Fig.No 74.0: HPTLC Calibration curve for acebrofylline
6.7.1c: Accuracy
The data indicates that the maximum % RSD chladbat at 80%, 100%
and 120% was 0.03, 0.02 and 0.04 respectively atidig that the method has
acceptable accuracy. For losartan the maximum % &S0%, 100% and 120% was
0.17, 0.13 and 0.27 respectively indicating thatrtrethod has acceptable accuracy.

Accuracy data in terms of area is presentefiaible 113.

Table No 113.0: Results from recovery studies of Isartan and Chlorthalidone

Label | Amount
_ Total Amount Recovery
Drug claim added (%)RSD
amount(mg) | recovered(mg) (%)
(%)
80 5 5.05 101.00£1.93 1.91
Chlor- 6.25
100 6.25 6.26 100.11+0.24 0.24
thalidone| mg/tab
120 7.5 7.51 100.09+0.20 0.20
Losartan 80 40 39.82 99.55+1.26 1.26
50 100 50 49.99 99.97+1.09 1.09
mg/tab
120 60 60.01 100.01+0.97 0.97
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Table No 114.0: Results from recovery studies of Avaguone and Proguanil

Label | Amount
] Total Amount Recovery
Drug claim added (%)RSD
amount(mg) | recovered(mg) (%)
(%)
250 80 200 200.25 100.12+0.05 0.05
Atovaquone| mg/tab 100 250 250.45 100.18+0.21 0.21
120 300 300.30 100.24+0.31 0.31
80 80 80.23 100.28+0.23 0.23
Proguanil 100
100 100 100.43 100.43+0.17 0.17
mg/tab
120 120 120.57 100.47+0.41 0.40

Table No 115.0: Results from recovery studies of &tylcysteine and

Acebrofylline
Label
) Amount Total Amount Recovery
Drug claim (%)RSD
added (%) | amount(mg) | recovered(mg) (%)
80 480 480.21 100.04+0.083 0.03
600
Acetylcysteine| mg/tab 100 600 600.23 100.04+0.02 0.02
120 720 720.37 100.05+0.04 0.04
80 80 80.34 100.43+0.1y 0.17
Acebrofylline | 100
100 100 100.31 100.31+0.13 0.13
mg/tab
120 120 120.46 100.38+0.27 0.27
Table No 116.0: Results from recovery studies of Dopa
Estimated | Amount
Total Amount Recovery
Drug content added (%)RSD
amount(mg) | recovered(mg) (%)
(%)
80 4.38 4.37 99.77%0.23 0.23
100 5.47 5.48 100.12+0.10 0.10
L 5.47%
Dopa 120 6.56 6.57 100.15+0.15 0.15
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Table No 117.0: Results from recovery studies of kasone and p-

phenylenediamine

) Amount
Estimated Total Amount Recovery
Drug added (%)RSD
content %) amount(mg)| recovered(mg) (%)
0
80 4 3.95 98.75+0.90 0.91
5%
Lawsone 100 5 4.95 98.93+0.61 0.62
120 6 5.92 98.70+0.26 0.26
80 20 20.08 100.41+1.20 1.20
p- 0,
- 25% 100 25 24.92 99.68+0.16  0.16
phenylenediaming
120 30 28.81 99.38+0.54 0.54

6.7.1b: Precision

Results from determination of Intraday and Intergescision, were expressed
as SD and relative standard deviation (RSD %) &@wve in Table: 118. The
precision of the proposed method were < 2%, comfigmthat the method was

sufficiently precise.

Table No 118.0: HPTLC Intra-Day and Inter-Day dataof chlorthalidone

Concen Intra-Day area Inter-Day area
tration Day | Area Mean %RSD | Day | Area Mean %RSD
(ng/spot) (n=3)xSD (n=3)xSD
1 774.32 1 774.32
9375 1 782.42| 780.13 0.65 2 782.42| 780.13 0.65
1 783.66| +5.07 3 783.66 £5.07
1 808.56 1 808.56
125 |1 812.74| 809.24 0.396 2 812.74) 809.24 0.396
1 806.43| £3.2 3 806.43| £3.2
1 870.21 1 870.21
15.62 1 882.40| 876.31 0.695 2 882.40 876.31 0.695
1 876.32| +6.09 3 876.32 +6.09

ULTRA COLLEGE OF PHARMACY, MADURAI 198



CHAPTER 6

Table No 119.0: HPTLC Intra-Day and Inter-Day dataof losartan

RESULTS AND DISCUSSION

Concen Intra-Day area Inter-Day area
tration Mean Mean
Day Area %RSD | Day Area %RSD
(ng/spot) (n=3)£SD (n=3)xSD
25 1 14987.97 1 14994.38
1 14956.64| 14962.65 2 14916.82 14955.95
0.15 0.259
1 14943.34) +22.91 3 14956.66 +38.78
1 15588.57 1 15524.60
1 15587.48| 15589.75+ 2 15574.32 15564.60
100 0.02 0.230
1 15593.56 3.37 3 15594.1p +35.81
1 15934.87 1 15924.32
15963.01
125 1 15939.85| 15954.15 2 15966.40
0.18 +37.11 0.232
1 15987.75 %29.19 3 15998.32

6.7.2: Atovaquone and Proguanil
6.7.2b: Precision

Results from determination of Intraday and Intergescision, were expressed
as SD and relative standard deviation (RSD %) lavgvs in Table: 120 and 121. The

precision of the proposed method were < 2%, comfigmthat the method was

sufficiently precise.

Table No 120.0: HPTLC Intra-Day and Inter-Day study of Atovaquone

Concen Intra-Day area Inter-Day area
tration Day | Area Mean %RSD | Day | Area Mean %RSD
(ng/spot) (n=3)£SD (n=3)xSD
1000 1 8264.42 1 8197.25
1 8248.68 | 8236.50 0.43 8184.28 | 8206.66 0.34
1 8196.42 | +35.59 3 8238.42 | £28.26
1 12343.41) 12369.55 1 12384.72
1500 1 12401.86| +22.63 0.18 12394.7E|5 12385.49 0.072
1 12382.62 3 12376.98 +8.92
1 16550.98] 16485.87 1 16470.98
2000 1 16472.41| £59.52 0.36 16428.24 16437.82 0.17
1 16434.24 3 16414.24 £29.55
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Table No 121.0 : HPTLC Intra-Day and Inter-Day study of proguanil

Concen Intra-Day area Inter-Day area
tration Day | Area Mean %RSD | Day | Area Mean %RSD
(ng/spot) (n=3)£SD (n=3)xSD
1 4362.84 1 4297.82
400 1 4294.24 | 4323.73 0.81 4278.42 | 4300.17 0.53
1 4314.12 | £35.29 3 4324.28 | £23.02
1 6984.24 1 6894.26
1 6889.14 | 6943.16 0.70 6924.84 | 6924.58 0.43
000 1 6956.12 | +48.85 3 6954.64 | £30.19
1 10657.96 1 10674.96| 10668.42
800 1 10638.41| 10640.37 | 0.15 10682.42 +18.16 0.17
1 10624.74| +16.69 3 10647.89

6.7.3: Acetylcysteine and Acebrofylline

6.7.3b: Precision
Results from determination of Intraday and Intergescision, were expressed
as SD and relative standard deviation (RSD %) lavgva in Table: 122 and 123. The

precision of the proposed method were < 2%, comfigmthat the method was

sufficiently precise.

Table No 122.0: HPTLC Intra-Day and Inter-Day dataof acetylcysteine

Concen Intra-Day area Inter-Day area
tration Day | Area Mean %RSD | Day | Area Mean %RSD
(ng/spot) (n=3)xSD (n=3)xSD
1 1627.12 1 1697.42
600 1 1610.38| 1626.62 0.98 2 1710.561718.70 1.53
1 1642.38| £16.00 3 1748.12+26.31
1 2564.24 1 2686.73
900 1 2596.12( 2679.58 0.61 2 2649.182664.18 0.74
1 2578.38| £15.97 3 2656.63+19.80
1 3180.17 1 3290.18
1200 1 3156.84| 3161.09 | 0.54 2 3246.733265.51 | 0.68
1 3146.26| +17.34 3 3259.68+22.31
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Table No 123.0: HPTLC Intra-Day and Inter-Day dataof acebrofylline

Concen Intra-Day area Inter-Day area

tration Day | Area Mean %RSD | Day | Area Mean %RSD

(ng/spot) (n=3)xSD (n=3)xSD

100 1 1206.44 1 1176.47
1 1174.62| 1188.63 1.36 1196.561164.39 1.40
1 1184.84| £16.24 3 1120.14+39.61

200 1 1876.2( 1 1883.40
1 1824.16| 1839.06 | 1.75 1890.261890.81 | 0.40
1 1816.84| £32.36 3 1898.78%7.70

300 1 2328.17 1 2416.83
1 2376.18| 2366.31 1.45 2456.4]72449.21 0.98
1 2394.64| £34.34 3 2474.38+24.02

6.7.1f: Robustness of the method
The results of robustness are shown in Table: @4, values of relative standard

deviation of peak areas were less than 2%. Theseemte RSD indicates the

robustness of the method.

Table No 124.0: HPTLC Robustness data of Chlorthadione and Losartan

Experimental conditions Chlorthalidone Losartan

SD %RSD SD %RSD
Nanometer change
+2nm (256nm) 18.78 0.74 34.32 0.35
254nm 12.68 1.92 42.14 0.31
-2nm (254nm ) 18.28 0.42 24.12 0.44
Development distance
7.5cm 5.60 0.83 34.34 0.25
8.0cm 3.99 0.54 43.10 0.31
8.5cm 4.04 0.47 50.35 0.35
Duration of saturation
20 min 2.01 0.26 5.08 0.10
25 min 1.67 0.32 10.11 0.07
30 min 1.60 0.22 14.88 0.12
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6.7.2f: Robustness of the method
The results of robustness are shown in Table: 1% values of relative
standard deviation of peak areas were less tharTB&se percent RSD indicates the
robustness of the method.
Table No 125.0: HPTLC Robustness data of Atovaqua&nand Proguanil

Experimental conditions Atovaquone Proguanil
SD %RSD SD %RSD
Nanometer change
+2nm (262nm) 22.62 0.16 14.10 0.26
260nm 20.69 1.15 31.80 0.54
-2nm (258nm ) 20.86 1.33 33.23 0.50
Development distance
7 ..5cm 25.67 0.45 15.97 1.10
8.0cm 10.04 0.19 25.44 0.54
8.5cm 17.21 1.05 45.24 0.75
Duration of saturation
20 min 19.72 0.49 30.65 0.48
25 min 15.12 1.72 31.65 0.49
30 min 37.21 0.61 16.30 0.28

6.7.3f: Robustness of the method
The results of robustness are shown in Table: 186 values of relative
standard deviation of peak areas were less tharnTB&se percent RSD indicates the
robustness of the method.
Table No 126.0: HPTLC Robustness data of Acetylcimne and Acebrofylline

Experimental conditions Acetylcysteine Acebrofyllire
SD %RSD SD %RSD
Nanometer change
+2nm (217nm) 20.85 0.71 48.25 0.80
215nm 9.01 1.09 19.54 0.30
-2nm (213nm) 17.84 0.29 26.16 0.45
Development distance
7 .5cm 23.69 1.17 28.82 0.49
8.0cm 25.01 1.13 45.09 0.74
8.5cm 18.41 1.15 46.28 0.64
Duration of saturation
20 min 20.72 0.49 31.65 0.49
25 min 16.07 1.85 31.59 0.48
30 min 38.79 0.57 17.30 0.26
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6.7.1d: Selectivity

When blank tablet powder was subjected to chromapdgc analysis, it was
observed that there were no interfering peakseatdtention times of chlorthalidone
and losartan, atovaquone and Proguanil and Acedtdine and Aacebrofylline. This

indicated the selectivity of the method.

6.7.2d: Selectivity
When blank tablet powder was subjected to chromapdgc analysis, it was
observed that there were no interfering peaks atrétention times of Atovaqgvone

and proguanil. This indicated the selectivity of thethod.

6.7.3d: Selectivity
When blank tablet powder was subjected to chromapdgc analysis, it was
observed that there were no interfering peakseatdkention times of acetylcysteine

and acebrofylline. This indicated the selectivitytee method.

6.7.1e: Limit of detection and limit of quantification

By standard deviation and slope method. The detedimit of assay is the
lowest concentration that can be detected 19.38180d79 ng/ spot and necessarily
quantified was determined as 58.74 and 305.43 ag/gg chlorthalidone and

losartan respectively.

6.7.2e: Limit of detection and limit of quantification

By standard deviation and slope method. The detedimit of assay is the
lowest concentration that can be detected 137.1117a@20 ng/ spot and necessarily
guantified was determined as 417.19 and 218.78pap/for Atovaqvone and

proguanil respectively.

6.7.3e: Limit of detection and limit of quantification

By standard deviation and slope method. The detedimit of assay is the
lowest concentration that can be detected 137.1117a@20 ng/ spot and necessarily
guantified was determined as 417.19 and 218.78pag/®r acetylcysteine and

acebrofylline respectively.
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6.7.19g: Specificity

The mobile phase resolved both the drugs veryieffity, as shown in Fig
61.0. Typical overlain absorption spectra of ctilalidone and losartan are shown in
Fig 63.0 . The peak purity of chlorthalidone andglaidan were assessed by comparing
their respective spectra at the peak start, apek paak end positions of the spot. A
good correlation was also obtained between thedatdnand sample spectra of
chlorthalidone and losartan Also excipients fromnfalation were not interfering
with the assay.

6.7.29: Specificity

The mobile phase resolved both the drugs veryieffity as shown in Fig
65.0, Typical overlain absorption spectra of Atox@ae and proguanil are shown in
Fig 64.0. The peak purity of Atovagvone and proguaere assessed by comparing
their respective spectra at the peak start, apek paak end positions of the spot. A
good correlation was also obtained between thedatdnand sample spectra of
Atovagvone and proguanil Also excipients from fotation were not interfering with

the assay.

6.7.39: Specificity

The mobile phase resolved both the drugs veryieffity, Typical overlain
absorption spectra of acetylcysteine and acebmogythre shown in Fig No 66.0. A
good correlation was also obtained between thedatdnand sample spectra of
acetylcysteine and acebrofylline Also excipientonir formulation were not
interfering with the assay.

6.8 : HPTLC result for the Quantification of L-dopa
L-Dopa
Chromatographic conditions

The samples were applied in form of bands of wlthm on precoated silica
gel aluminum sheets 60 f4 A constant application rate of 150nl/s was selected
according to the recommendations in-built in then®dis software. The application
position (X) and (Y) were kept at 10mm to avoid edgffect. Linear ascending
development was carried out in a twin trough glesamber (20cmx10 cm, 10X10

cm), without using filter paper and without satioat 20 ml mobile phase for 20X10
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cm tank and 10 ml for 10X10 cm tank was used peoroatographic development;

the length of chromatogram run was 80 mm. The dpesl plates were dried in the

flow of nitrogen. A visualizing agent, Ninhydrineagent was sprayed on plate and
dried at room temperature. Before densitometricsicay, plates were heated for 5

min in oven at 105°C. Densitometric evaluation loé plates was performed at=

520 nm using a Camag TLC scanner-3 equipped withcats software, using a

Tungsten light source. The slit dimension was lkapé X 0.45 mm and 100 nm/s

scanning speed was employed.

Table No 127.0:HPTLC Calibration data for L-dopa

Peak Area of replicate Mean | Standard
Amount e
. peak | deviation
Standard applied
1 2 3 area of peak
(ng)
area
1 100 102.46 | 112.68| 106.46 107,20 5.15
2 200 198.27 | 189.26| 188.23 191,92 5.52
3 300 310.06 | 312.16| 310.76 310,99 1.07
4 400 404.89 | 405.83| 403.89 404,87 0.97
5 500 512.63 | 514.43| 516.63 514/56  2.00
Equation | y=77.02+ 1.071x
r 0.9910
Substatce L-Dopa (@ 520nm  Eegression mode Linear
V=7702+ 1.071*X r= 099102 sdv=2.13%
700 -
ATT
600 -
SO0
400
300
200 /x/
100 | ==
0
=
o 200 400 600
Fig No 75.0: HPTLC Calibration plot for L-Dopa
Standard and sample area after development
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Table No 128.0: HPTLC Peak Area of L- Dopa for stadard and sample

Name Peak Area for L-Dopa(AU)
Std 1 102.46
Std 2 198.27
Std 3 310.06
Std 4 404.89
Std 5 512.63
Std 6 597.01
Sample 210.32

Calculation for content of L-Dopa

From the equation for regression line, amount dddpa was found to be
124.46ng. So applying the dilution factor, if 3jitlke sample extract applied contains
124.46ng of L-Dopa, the total volume of extract 1@8ml contains 0.41gm of L-Dopa.
So the % content of L-Dopa in the given sampleotitgna powder is 0.41 *100/7.5 =
5.47%

000 —
ALY

I

250 —

L-Dopa

000 T 020 030 040 om0 o/eo 070 080 oS0
"Rt

Fig. No 76.0 : Typical HPTLC chromatogram of L dopain standard
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Fig No 77.0 : Typical HPTLC chromatogram of L dopan sample (methanolic

extract of Zandopa powder
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Fig No 78.0 : HPTLC Overlay spectral display for SD and sample
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Table No 129.0 : HPTLC Intra-Day and Inter-Day Dataof L Dopa

Concen Intra-Day area Inter-Day area
tration Day | Area Mean %RSD | Day | Area Mean %RSD
(ng/spot) (n=3)xSD (n=3)xSD
1 310.42 0.11 1 314.41
200 1 316.82| 315.88 2 315.42 317.08 1.19
1 | 320.42| £5.06 3 321.42 £3.79
1 410.52 1 412.41
300 1 | 412.52| 410.48 0.49 2 413.41 414.14 0.52
1 408.41| £2.05 3 416.61 +2.19
1 512.63 1 514.21
400 1 514.62| 517.22 1.21 2 513.4Q 517.40 1.20
1 | 524.42| +6.31 3 524.61 *6.25
1.3 METHOD VALIDATION
Precision

Results from determination of Intraday and Intergescision, were expressed
as SD and relative standard deviation (RSD %) laogve in Table: 133 and 134 . The
precision of the proposed method were < 2%, comfigmthat the method was
sufficiently precise.

Accuracy

The data indicates that the maximum % RSD for Ladap 80%, 100% and
120% was0.23,0.10 and0.15 respectively indicativag the method has acceptable
accuracy. Accuracy data in terms of area is presentTable 117.

Selectivity

When blank tablet powder was subjected to chrommapdgc analysis, it was
observed that there was no interfering peaks atrdtention times of L-dopa. This
indicated the selectivity of the method.

Linearity

Linearity was confirmed by the calibration experitse Linear regression data
for the calibration plots revealed good linear tietsships between area and
concentration over the ranges 50 to 500ng pemgfspot for L-Dopa . The linear
regression equations were y = 77.02+ 1.071x .Table
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Limit of detection and limit of quantification

By standard deviation and slope method. The detedimit of assay is the
lowest concentration that can be detected 27.65pgl and necessarily quantified
was determined as 83.80 ng/spot for L-dopa respdyti
Specificity

Fig 127.0 and 128.0is the representative chromatogram showing the
resolution L-Dopa. The mobile phase resolved ble¢hdrugs very efficiently, Typical
overlain absorption spectra of L-Dopa are showifrign 127. The peak purity of L-
Dopa was assessed by comparing their respectivtrapd the peak start, apex, and
peak end positions of the spot. A good correlati@as also obtained between the
standard and sample spectra of L-Dopa. Also eswtpiand other constituents of

formulation were not interfering with the assay.

6.8.2 : HPTLC results for the Lawsone and PPD in Idica herbal hair dye
6.8.2A: Optimization of Solvent System and Chromatgraphic Conditions

When lawsone and p-phenylenediaminewere applieglate and the plates
were developed, it was concluded that no singleeslwas able to resolve the two

constituents. Hence, mixtures of solvents were used

Thus, the solvent system, n-butanol: acetic acidtew(7:0.1:3 v/v/v) was

selected.

The samples were applied in form of bands of wlthm on precoated silica
gel aluminum sheets 60,5, As the samples were prepared in methanol, spreading
bands was avoided. A constant application rate50fril/s was selected according to
the recommendations in-built in the Wincats softwarhe application position (X)
and (Y) were kept at 10mm to avoid edge effecteamascending development was
carried out in a twin trough glass chamber (20cma&t) 10X10 cm), 20 ml mobile
phase for 20X10 cm tank and 10 ml for 20X10 cm tawks used per
chromatographic development; the length of chrogratm run was 80 mm. The
developed plates were dried in the flow of dry with the help of an air drier.
Densitometric scanning was performed in the redlece- absorbance mode at 254

nm. The slit dimension was kept at 6 X 0.45 mm &88 nm/s scanning speed was
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employed. The source of radiation was deuteriumplamitting continuous UV

spectrum between 190 and 400nm.

6.8.2B: Calibration Experiments
When the standards table 130were analyzed in three replicates, the results
presented itable 131
Table No 130.0: HPTLC Calibration data for lawsone

Amount | Peak Area of replicate  Mean peak  Standard
Standard  applied 1 2 3 area deviation of peak
(ng) area

1 10 35.07, 34.12| 33.48 34.22 0.80

2 20 64.03 61.64| 63.85 63.17 1.33

3 30 98.43 99.17| 97.25 98.28 0.97

4 40 127.1 128.6| 126.39 127.34 1.12

5 50 152.4 151 | 154.67 152.71 1.84

6 60 187.7/ 188.2| 189.34 188.42 0.84

7 70 221.4 223.4| 222.65 222.49 1.00
Equation y =3.213x — 3.301

R 0.997

Table No 131.0 : HPTLC Calibration data for p-phenyenediamine

Amount Peak Area of replicate  Mean peak  Standard
Standard  applied L 5 3 area deviation of peak
(ng) area

1 100 61.04 62.14| 60.64 61.27 0.78

2 200 121.5 124 | 122.08 122.51 1.30

3 300 169.3 171 | 168.44 169.6 1.31

4 400 208.8 210 | 212.31 210.37 1.79

5 500 247.4 248.7| 247.06 247.69 0.85

6 600 288.1 288.2| 289.34 288.57 0.67

7 700 321.4 323.4| 322.65 322.49 1.01
Equation y = 0.426x + 32.66

R° 0.9991
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Figure 79.0 and Figure 80.0 are the calibration curves for lawsone and p-

phenylenediaminerespectively.

250 -
y =3.213x - 3.301
R?=0.997
200 -
150 -
100 -
50 -
O T T T T T T T 1
0 10 20 30 40 50 60 70 80
Fig.No 79.0: HPTLC Calibration curve for lawsone
350 -
y = 0.426x + 32.66 ®
300 - R?=0.991
250 -
a 200 -
r
e 150 -
a
100 -
Conc ng/snot
50 - ¢
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0 200 400 600 800

Fig.No 80.0: HPTLC Calibration curve for p-phenylenediamine
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Fig.No 81.0: HPTLC Chromatogram for calibration plot of lawsone and PPD

Table No 132.0: HPTLC Assay of lawsone and p-phergiiediamine in herbal

formulation
Area
S.No.
Lawsone p-phenylenediamine
Standard 1 34.22 61.27
Standard 2 63.17 122.51
Standard 3 98.28 169.6
Standard 4 127.34 210.37
Standard 5 152.71 247.69
Standard 6 188.42 288.57
Standard 7 222.49 322.49
Sample 1 (2ul) 35.12 251.06
Sample 1 (2ul) 34.34 249.74

Fig.No 81.0is the chromatogram for sample of herbal formutatsmowing

resolution of lawsone and p-phenylenediamine andiked standard solution.
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Fig.No 82.0: Representative chromatogram of lawson®&; 0.82) and
p-phenylenediamine(R 0.34)
The average % content of lawsone and p-phenylemaagain 1000mg of herbal
forumulation was found to be 0.592% and 25.55 retspey%

6.8.2C: Precision

Results from determination of Intraday and Intergescision, were expressed
as SD and relative standard deviation (RSD %) hoeve in Table: 4 and 5. The
precision of the proposed method were < 2%, coifigmthat the method was
sufficiently precise.

Table No 133.0: HPTLC Intra-Day and Inter-Day dataof lawsone

Concen Intra-Day area Inter-Day area

tration Day | Area Mean %RSD | Day | Area Mean %RSD

(ng/spot) (n=3)xSD (n=3)xSD
1 64.03 1 69.42

20 1 68.43 | 64.85 0.57 2 67.34 | 68.08 1.16
1 62.11 | £3.24 3 67.48 | £1.16
1 97.24 1 98.73

30 1 96.12 | 97.24 1.16 2 98.18 | 98.51 0.45
1 98.38 | +1.13 3 98.63 | +0.25
1 126.42 1 125.68

40 1 126.77 | 125.90 0.95 2 126.73 126.34 0.57
1 124.53| £1.20 3 126.63 +0.57
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Table No 134.0: HPTLC Intra-Day and Inter-Day dataof p-phenylenediamine

(PPD)
Concen Intra-Day area Inter-Day area
tration Day | Area | Mean %RSD | Day | Area | Mean %RSD
(ng/spot) (n=3)xSD (n=3)£SD
200 1 121.4 1 125.7
1 120.4| 120.53 2 126.8| 126.00 0.55
1 119.8| £0.80 0.67 3 125.5| £0.70
300 1 169.3 1 169.6 0.65
1 170.3| 170.03 0.38 2 168.2 169.4
1 170.5| +0.64 3 170.4 £1.11
400 1 208.8 1 205.9
1 207.8| 208.73 0.37 2 204.7 205.03 0.36
1 207.6| £0.64 3 204.5 £0.75
Selectivity

When the herbal formulation was subjected to chtographic analysis, it

was observed that there were no interfering peaklearetention times of lawsone

and p-phenylenediamine. This indicated the seligtf the method.

Linearity and range

Linearity was confirmed in the calibration experimteefrom the randomness

of residuals plot and homogenous % relative eratwes over the working range.
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7. SUMMARY AND CONCLUSION

The present work involved the development of adeurnarecise, simple and
rapid Spectroscopic (UV) and Chromatographic (HPIHRTLC) methods for
simultaneous estimation of the drugs in synthetid aerbal multicomponent

formulations containing

- Losartan potassium and Chlorthalidone
- Acebrofylline and Acetylcysteine

- Atovaquone and Proguanil

- Lawsone and p-phenylenediamine

- L- dopa in Zandopa herbal powder

This thesis invoves different chapter providinguaddle information about the
related topic studied detailed in this thesis. Gdagdirst deals with the brief
introduction about modern analytical techniques hiplc, hptlc, and uv-spectroscopic
method and gives brief information about the mesh@ohd techniques for the
estimation of the multicomponent drug analysisthis chapter also involves detailed
about analytical method developments, analyticaho validation, herbal analysis

and forced degradation study.

The Introduction of present work covers optimumomfation about the
project name entitled here. The objectives of telyswere to develop and validate
methods for the estimation of drugs in multicompusedrug formulations by using
HPLC, HPTLC, and UV Spectrophotometry was explained

In next chapter of this thesis deals with reviewiwfrature for the analytical
methods available for the estimation of the setedreig formulation either present in

single or in the combination with the other drugdrcts.

In fourth chapter discuss about the scope and pignfor achieving the

objectives of the study explain here.

ULTRA COLLEGE OF PHARMACY, MADURAI 215



CHAPTER 7 SUMMARY AND CONCLUSION

The material and methods chapter described with bte step procedure
performed for the optimizing condition for the demment of method on HPLC,
HPTLC and UV Spectrophotometry methods and valaatif the developed method
were performed in accordance with ICH guideline Hrelmethods also described the
stability indicating assay method carried out byjecting sample to the stress
condition like acid, alkali, peroxide, neutral, timal and UV light. The optimized
chromatographic and spectrophotometric conditiores paesented along with data
table, graphs,and typical chromatogram were disscus

In the next chapter of this thesis deals with teantl discussion are presented
in series of tables and figures which includes th# trials chromatograms, the
calibration curve, validation data , degradationdgt data, and herbal analysis of
drugs by using modern analytical instroments likelPLC, HPTLC and UV

Spectroscopic methods.

The over all of the developed methods were summitizlow.

In the HPLC method developed for losartan potassamah chlorthalidone in
tablet (CTD-L) formulations, isocratic mobile phasas found to be unsuitable. Thus
gradient conditions were chosen which brought abthé elution of losartan

potassium and chlorthalidone.

The optimized chromatographic conditions were-

Injection volume : 10ul
Analytical column Agilent XDB, Gg, 150 x 4.6 mm, 5u
Detection : 254
Mobile phase X Buffer: acetonitrile ird(30), pH3.5

The adopted Isocratic system and chromatographiclitons resolved the
losartan potassium and chlorthalidone with retentimes of 4.63 and 2.17 min

respectively.

The method was linear in the range of 12.5 — 78nlfgr losartan potassium
and 1.56 — 9.37 pg/ml for chlorthalidone.
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The method was validated for system suitabilitguaacy, precision, linearity,
range, limit of detection (LOD), limit of quantifation (LOQ), specificity and
robustness The accuracy and precision studies gavyelow values of % relative
error and % relative standard deviation.

Likewise, the HPLC method developed for atovaquame proguanil in tablet
(MALARONE) formulations, isocratic mobile phase wasind to be unsuitable. Thus
gradient conditions were chosen which brought abloetelution of atovaquone and

proguanil. The following gradient system was optied-

Mention the mobile phase for gradient elution

The chromatographic conditions were-

Injection volume : 10ul
Analytical column Hypersil BDS, {g, 150 x 4.6 mm, 5u
Detection : 258 nm
Mobile phase : Buffer: acetonitrile ina@rent programme
Time Flow Rate % Buffer % Acetonitrile
0 1.1 50 50
3 11 50 50
4 1.1 20 80
9 11 20 80
9.1 1.1 50 50
12.0 11 50 50

The adopted gradient system and chromatographidittmms resolved the
atovaquone and proguanil with retention times d6z2and 9.68 min respectively.

The method was linear in the range of 40—-300 pégmProguanil and 100 —
750 pg/ml for Atovaquone.
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The method was validated for system suitabilitguaacy, precision, linearity,
range, limit of detection (LOD), limit of quantifation (LOQ), specificity and
robustness The accuracy and precision studies gawelow values of % relative

error and % relative standard deviation.

The HPLC method developed for acebrofylline andtydcgsteine used the

following chromatographic conditions with isocragiwtion:

Injection volume : 5ul
Analytical column Hypersil BDS, £g, 150 x 4.6 mm, 5u
Mobile phase X Buffer: Acetonitrile in (20), pH3.2

The above conditions gave excellent resolution &mebrofylline and
acetylcysteine with acebrofylline being eluted & Bin and acetylcysteine at 2.36

min.

The HPLC method was linear from 25 — 150 pg/midoebrofylline and 150
— 900 pg/ml for acetylcysteine.

The method was validated for system suitabilitguaacy, precision, linearity,
range, limit of detection(LOD), limit of quantififan (LOQ), specificity and

robustness with good results.

Stability indicating assay is a method that is Eygd for the analysis of
stability samples in pharmaceutical industry. Whdaveloping SIMs, forced
degradation studies are undertaken particularlynwlitde information is available
about potential degradation products. These stualss provide information about
the degradation pathway and degradation produeis dbuld form during storage.
Forced degradation studies help facilitate pharmoiiza development as well as in
cases such as formulation development, manufagtusimd packaging in which

knowledge of chemical behavior can be used to ingeodrug product.

With this view, forced degradation studies wereriedr out for the

multicomponent combinations of Losartan-Chlorthatie, Atovaquone-Proguanil and
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Acebrophylline-Acetylcysteine. The degradation gtadvere carried out under acidic,
alkaline, oxidative, and dry heat (thermal) and tphwic conditions. The degraded
samples and standard drug were subjected to chognaphic separation and the
conditions required for resolving the drug peaknfr@any potential degradation

products were optimized.

During forced degradation studies, Losartan (11)6b Atovaquone
(11.3%) was found to degrade under peroxide degoadaonditions and other drug

shows % degradation below 10% which is acceptailge.

It can be concluded that the stability indicatingLt€ method developed for
the multicomponent combinations of Losartan-Chhgittone, Atovaquone-Proguanil
and Acebrophylline-Acetylcysteine is capable ofcdiminating between the drug and

the degradation products.

Simultaneous equation method for estimation of sinmgcombination is one

of the effective methods of multicomponent.

Hence UV spectrophotometric methods were develogredl validated for
simultaneous estimation of Losartan-Chlorthalidorm&tovaquone-Proguanil and

Acebrophylline-Acetylcysteine from multicomponentrhulations.

The method developed for simultaneous estimatiolos#rtan potassium and
chlorthalidone showed absorbance maxima at 235noh 2tbnm for losartan
potassium and chlorthalidone respectively. The lbgeel method was validated as
per ICH Guidelines. The method was found to be @&teu precise, specific, robust

and linear in the range of 6-16 for losartan af®0.2ug /ml for chlorthalidone.

The method developed for simultaneous estimationAtdvaquone and
Proguanil showed absorbance maxima at 279nm andn25d4r Atovaquone and
Proguanil respectively. The developed method wéidatad as per ICH Guidelines.
The method was found to be accurate, precise,fgpaabust and linear in the range

of 7.5- 20 for Atovaquone and 3 1§ /ml for Proguanil.
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The method developed for simultaneous estimatiorAcdtylcysteine and
Acebrofylline showed absorbance maxima at 220nm Zf8hm for Acetylcysteine
and Acebrofylline respectively. The developed mdtlveas validated as per ICH
Guidelines. The method was found to be accuragsis®, specific, robust and linear
in the range of 6 - 36 for Acetylcysteine and 1ugeml for Acebrofylline.

The HPTLC method for estimation of Acetylcysteima aacebrofylline made
use of unmodified silica plates and solvent systérohloroform : tolune: methanol
(6:2:2 VIVIV). The HPTLC method gave linearity f800 to 1800 ng/spot of the
applied quantity for Acetylcysteine and 50 to 3@@spot for Acebrofylline.

This method gave good results in the validatidondiss.

The HPTLC method for estimation of Atovaquone anogBanil made use of
unmodified silica plates and solvent system of T.Hater (6 : 4 V/V). The HPTLC
method gave linearity for 500 to 3000 ng/spot & #pplied quantity for Atovaquone
and 200 to 1200 ng/spot for Proguanil.

This method also gave good results in the validatgtudies.

The HPTLC method for estimation of Losartan ando@hhblidone made use
of unmodified silica plates and solvent system olfufie :chloroform: methanol:
ammonia (2.3: 5.0: 2.0: 0.2 V/V/VIV). The HPTLC thed gave linearity for 200 to
1500 ng/spot of the applied quantity for Losartam 81.25 to 187.5 ng/spot for
Chlorthalidone.

This method also gave good results in the validatgtudies.

The HPTLC method for estimation of Lawsone and plaeaylenediamine
made use of unmodified silica plates and solvestesy of n-butanol: acetic acid:
water (7: 0.1: 3 V/VIV). The HPTLC method gave knigy for 10 to 70 ng/spot of the
applied quantity for Lawsone and 100 to 700 ng/$poParaphenylenediamine.

The HPTLC method for estimation of L-dopa made osenmodified silica

plates and solvent system of n-butanol n-butantoémecetic acid(4:1:1v/v/v). The
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HPTLC method gave linearity for 100-500ng/spotliedopa. This method also gave

good results in validation.

All analytical methods summarized above were sigfug developed and
validated HPLC, HPTLC, and UV Spectrophotometridhmes are better, improved
and innovative, less expensive and time saving el ag sensitive, specific, linear,
precise, and accurate, for the quantification othbthe herbal and synthetic
multicomponent formulations can be used in theineuguality control of the above

mentioned multicomponent formulations.
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ABSTRACT

A new simple, predse, rapid and accurate reverse phase high performance liquid chromatographic method had
been developed for the simultaneous estimation of Acetylcysteine (ACST) and Acebrofylline (ACBF) in capsule
dosage form. The chromatographic separation was achieved on a Hypersil BDS, C18, 100 x 4.6 mm, 5um particle
size column was used with PDA detector by using mobile phase containing mixture of 0.02M Potassium
dihydrogen orthophosphate (KH,PO,) buffer : acetonitrile (90:10 % v/v pH 3.2) was used. . The flow rate was 0.9
ml / min and effluents were monitored at 260 nm. Chromatogram showed two main peaks corresponding to
Acetylcysteine and Acebrofylline at retention times 2.365 and 5.505 min respectively. The method was liniear over
the concentration range of 150-900ug/ml for Acetylcysteine and 25-150 ug/ml for Acebrofylline respectively. The
developed method was validated in accordance to ICH guidelines.

Key words: Acetylcysteine, Acebrofylline, RP-HPLC, Validation, ICH, Acetonitrile

INTRODUCTION:

The present research work deals with the development
and validation of a simple, specific, accurate, and precise
reverse phase high performance liquid chromatographic
(RP-HPLC) method for the estimation of Acetylcysteine
and Acebrofylline in capsule formulations. Chemically
Acetylcysteine® is the N-acetyl derivative of the amino
acid L-cysteine and a precursor in the formation of
antioxidant glutathione in the body. The thiol
(sulfahydryl) group confers antioxidants effects and is
able to reduce free radicals. Acetylcysteine’ IUPAC
name is a (2R)-2-acetamido-3-sulfanylpropanic acid
[Figure - 1], represents mucolytic drug which decreases
the viscosity of secretions by splitting of disulphide bonds
in mucoproteins and it also promotes the detoxification
of an intermediate paracetamol metabolite which is used
in the management of paracetamol overdose.

D;\MH
®) SH

Figure 1: Structure of Acebrofylline

*Corresponding author: Nitin S. Jadhav |

Acebrofylline® IUPAC  name is  4-[(2-amino-3,5-
dibromophenyl) methylamino] cydohexan-1-ol; 2-(1,3-
dimethyl-2,6-dioxopurin-7-yl)acetic acid. Acebrofylline is
the salt obtained by reaction of equimolar amounts of
theophylline-7-acetic acid, a xanthine derivative with
spedific bronchodilator activity and ambroxol, a mucolytic
and expectorant with molecular formula C,,HyBr,NsOs
and molecular weight 616.302 g/mol as shown in
Figure 2.0. Itis a novel drug with bronchodilating, anti-
inflammatory and mucus regulating effect due to
inhibition of phospholipase A, and phosphatidylcholine.
Literature survey”™ reveals that some methods have been
reported for the estimation of single and very few
methods for the combinations, but still there is no RP-
HPLC method developed for the simultaneous
determination of of Acebrofylline and Acetylcysteine in
capsule formulations. So the present method developed
is relatively simple, rapid and highly sensitive and
validated as per ICH guidelines™ in the analysis of
multicomponent of interestand it can be used for routine
quality control analysisin laboratories.
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Figure 2: Structure of Acetylcysteine

MATERIALS AND METHODS:

Chemicals and reagents:

Acebrofylline and Acetylcysteine pure samples were
obtained from SL Drugs & Pharmaceuticals, Hyderbad,
India and all other chemicals were of analytical grade.
The commercial capsule Acebrofylline and Acetylcysteine
formulations of combined of brand Caps. Pulmodear
Manufactured by Fourrts (India) Laboratories Pvt. Ltd
were obtained from local retail pharmacy.

Chromatographic conditions:

The HPLC water system was equipped with empower
software for data processing. The optimize
chromatographic conditioned were shown in Table No.
1.0

Table No. 1.0: The optimize chromatographic conditioned

Flow rate 0.9 ml/min
Column Hypersil BDS, C18, 100 x 4.6 mm, 5.
Detector wave length 260 nm
Column temperature 30°C
Injection volume 5uL
Run time 8 min
Diluent Methanol
Mobile phase Buffer : Acetonitrile (90:10 % v/v pH 3.2)

Preparation of diluent:
The diluentwas HPLC grade Methanol alone.

Preparation of buffer:

Accurately weighed 2.72gm of potassium
dihydrogenorthophosphate was transferred in a 1000ml
ofvolumetric flask and about 900ml of milli-Q water was
added.1ml of triethylamine was added and sonicated and
finally made up the volume with water. Then pH was
adjusted to 3.2 with dilute ortho phosphoric acid
solution.

Preparation of standard stock solution:

Accurately weighed 10mg of Acebrophylline and 12.5mg
of Acetylcysteine working Standards were transferred
into separate 10 ml clean and dry volumetric flasks, 7ml
of diluents was added and sonicated for 30 minutes and
made up to the final volume with diluents.

Preparation of sample solution:

Twenty Tablets were weighed and the average weight of
each tablet was calculated. Then the weight equivalent to
twenty tablets was transferred into a 100 ml volumetric

© 2012 www.jbpr.in, All Rights Reserved.
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flask, 50mL of diluent was added and sonicated for 30
min, further the volume made up with diluent and
filtered. From the filtered solution 0.2ml was pipetted out
into a 10 ml volumetric flask and made up to 10ml with
diluent.

Method validation**:

The developed method was validated as per the ICH
guidelines with respect to system suitability, spedificity,
linearity, accuracy, precision, LOD and LOQ.

System suitability:

To ensure the resolution and reproducibility of the HPLC
system was adequate for the analysis, a system suitability
testwas established. Data from six injections of 10 plL
of the working standard solutionswere used for the
evaluation of the system suitability parameters like
tailing factor, the number of theoretical plates and
retention time. The system suitability results obtained for
Acetylcysteine and Acebrofylline is summarized in Table No.
2.0 and Table No.3.0 respectively

CODEN (USA): JBPRAU
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Table 2, 3: The results obtained for system suitability of Acetylcysteine and Acebrofylline is summarized in Table No. 2.0 and 3.0 respectively.

Sr. No. | Retention Time Peak Area | Theoretical plates Tailing factor
1 2.36 686974 4492 1.09
2 2.362 685310 4513 1.1
3 2.363 686086 4502 1.1
4 2.367 683964 4290 1.1
5 2.37 686033 4376 1.09
6 2.371 688352 4430 1.09
Mean 686120
Std. Dev. 1485
%RSD 0.2
Table No 2.0:
Sr. No | Retention Time | Peak Area | Theoretical plates | Tailing factor
1 5.484 340354 5842 0.99
2 5.485 340140 5830 1.0
3 5.504 342289 5843 1.0
4 5.507 338474 5877 1.0
5 5.518 344216 5970 0.99
6 5.533 341513 5715 1.0
Mean 341164
Std. Dev. 1982.1
%RSD 0.6
Table No3.0:

LINIARITY:

The linearity of the method was evaluated by analyzing chosen & injected. The peak areas of the chromatograms

different concentration of the drugs. According to ICH were plotted against the concentration of drug to obtain

recommendations, at least six concentrations must be the calibration curve and the corresponding calibration

used. In the present study six concentrations were curve data and graph for ACST and ACBF shown in Table
No.4.0 and Graph in Figure — 3 and Figure — 4 respectively.

Table 4: The corres ponding Linearity (calibration curve) data

Sr.No | Concentrationin ppm Peak area Concentration in ppm Peak area
(ACST) (ACST) (ACBF) (ACBF)
1 150 174619 25 88736
2 300 355507 50 175892
3 450 514460 75 257873
4 600 690463 100 345418
5 750 855800 125 431317
6 900 1039137 150 515247
SLOPE 1145 SLOPE 3428.7

INTERCEPT 2102.667 INTERCEPT 2022.333
CORRELATION COEFFICIENT 0.999 CORRELATION 0.999

COEFFICIENT

© 2012 www.jbpr.in, All Rights Reserved. Volume 3, Issue 3, 2014 CODEN (USA): JBPRAU
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Figure 3: Calibration curve for Acetylcysteine
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Figure 4: Calibration curve for Acebrofylline
ACCURACY:
The accuracy of the method was determined by recovery Recovery was calculated separately for ACBF and ACST
experiments. The solutions were injected in triplicate in and summarized in Table No. 5.0 and Table No. 6.0
50%, 100% and 150% concentrations and percentage Respectively.

Table 5, 6: The accuracy data (recovery study) for ACBF and ACST were summarized here

LEVELIN % | Amount added | Amount recovered %Recovery % Mean % RSD
50% 50 49.93 99.85302
50% 50 50.09 100.1831
50% 50 50.17 100.3348
100% 100 100.67 100.6713 100.864 0.78
100% 100 102.15 102.1525
100% 100 101.73 101.7314
150% 150 152.02 101.3483
150% 150 150.40 100.2697
150% 150 151.9 101.2353
Table 5.0:
LEVELIN % | Amount added | Amount recovered | %Recovery % Mean % RSD
50% 300 303.0838 101.0279
50% 300 302.724 100.908
50% 300 299.1572 99.71907
100% 600 595.2 99.2 100.317 0.72
100% 600 600.9755 100.1626
100% 600 597.3328 99.55546
150% 900 909.5546 101.0616
150% 900 901.2856 100.1428
150% 900 909.683 101.0759
Table 6.0:

© 2012 www.jbpr.in, All Rights Reserved. Volume 3, Issue 3, 2014 CODEN (USA): JBPRAU
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Precision:

Precision of the method was determined by studying
intra-day and inter-day variation. In the intra-day studies,
standard and sample solutions were analyzed on the
same day and percentage RSD was calculated. In the inter

day studies, standard and sample solutions were
analyzed on consecutive days and percentage RSD were
calculated and individual data for ACST and ACBF
summarized in Table No 7.0

Table 7: The Precise individual data for ACST and ACBF summarized in

Assay No. | Peak Area ACBF | % Assay ACBF | Peak Area ACST | % Assay ACST
01 344629 100.6116 687668 99.82

02 341064 99.57081 686777 99.70

03 344819 100.667 690885 100.29

04 342999 100.1357 684256 99.33

05 346857 101.262 686946 99.72

06 344019 100.4335 680410 98.77

Mean 100.4468 99.61

% RSD 0.56 0.51

Specificity:

The Specificity of the method was evaluated by assessing
whether excipients present in the pharmaceutical
formulations interfered with the analysis. Excipients for
each capsule were mixed in order to prepare a placebo,
and solutions were prepared by following the procedure
described in the section on sample preparation. The
capsule excipients did not interfere with the method.

Limits of detection(LOD) and Limit of quantitation(LOQ):
In accordance with ICH recommendations, the method
based on the standard deviation of the response and the
slope of the calibration plots was used to determine
detection and quantification limits. LOD and LOQ values
were estimated [(standard deviation of repeatability)/
(Slope of the regression equation)] by multiplying with
3.3 and 10 respectively. And corresponding results given
in Table No. 8.0

Table 8: The results and summary for the developed and validated method of Acetylcysteine(ACST) and Acebrofylline (ACBF) was given below

Sr. No. | Parameter Acetylcysteine Acebrophylline
1 Peak area (%RSD) 686120(0.2) 341164(0.6)
2. Retention Time 2.365 5.505

3. USP Theoretical Plate 4434 5846

4. USP Tailing 1.09 0.99

5. Spedificity No peak No peak

6. Linearity (ug/ml) 150-900 25-150

7. Slope 1145 3429

8. Y-Intercept 2103 2022

9. Correlation coefficient 0.999 0.999

10. Accuracy 0.72 0.78

11. Precision 0.51 0.6

12. LOD 1.5042 0.1874

13. LoQ 4.558 0.568

14. Ruggedness 0.48 0.76

15. Flow rate(+0.1) 695877(0.3) 345226(0.4)
16. Flow rate(-0.1) 0.46 0.51

17. Mobile phase (+2%) 0.51 0.56

18. Mobile phase(-2%) 0.87 0.81

19. Column temp(+5) 0.43 0.46

20. Column temp(-5) 1.53 1.56

© 2012 www.jbpr.in, All Rights Reserved.
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Robustness:

Robustness is a measure of capacity of analytical
methods to remain unaffected by small but deliberate
variation of the operating conditions. This was tested by
studying the effect of changing column temperature
+5°C, the mobile phase composition by 2%, and flow rate
by £0.1ml. And corresponding results given in Table No.
8.0

RESULTS AND DISCUSSION:

The results and summary for the developed and validated
method of Acetylcysteine(ACST) and Acebrofylline (ACBF)
was given below Table No- 8.0

CONCLUSION:

The RP-HPLC assay method was developed and validated
for simultaneous determination of Acetylcysteine (ACST)
and Acebrofylline (ACBF) in capsule dosage forms. The
method was found to be simple, specific, Precise and
Robust and can be applied for the routine and stability
analysis for commerecially available formulation.
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INTRODUCTION
The present research work deals with the development and validation of a simple, economic,

sensitive, accurate and reproducible spectroscopic method for the novel combinations of

WWW.WjppSs.com Vol 3, Issue 6, 2014. 1986




Nitin et al. World Journal of Pharmacy and Pharmaceutical Sciences

Atovaquone and Proguanil in tablet dosage form by Simultaneous equation method.

Chemically Proguanil hydrochloride * is 1-(4-chlorophenyl)-5-isopropyl-biguanide

hydrochloride (Figure-1). Proguanil hydrochloride is a synthetic buguanide derivative of

NN oK
3
1YY

NH NH CH,

pyrimidine.

Cl

Figure No 1.0

It is widely used in the chemoprophylaxis of malaria. And Atovaquone? is chemically trans 2-

[4-(4-chlorophenyl)cyclohexyl]-3-hydroxy-1,4 naphthalene-dione.
)

H

Cl
Figure No 2.0

It is used to treat the Pneumocystis Pneumonia, toxoplasmosis and malaria As shown in

Figure 2.0. Literature survey®™

reveals that no spectroscopic simultaneous equation methods
have been reported for this combination of drug while estimation of single and very few
methods for the combinations with other drugs was developed for the simultaneous
determination of of Proguanil and Atovaquone in tablet formulations. So the present
spectroscopic method developed is relatively simple, rapid and highly economic , sensitive
and validated as per ICH guidelines®’ in the analysis of multicomponant of interest and it can

be used for routine quality control analysis in laboratories.
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MATERIALS AND METHODS

Chemicals And Reagents

Proguanil hydrochloride and Atovaquone pure samples were obtained from
Glenmark Pharmaceuticals Ltd. Mumbai, India and all other chemicals were of analytical
grade. The commercial Proguanil hydrochloride and Atovaquone formulations of combined
of brand MALARONE tablets (contain Atovaquone 250mg and Proguanil 100mg
Manufactured by GlaxoSmithKline Pharmaceuticals Ltd. were obtained from local retail

pharmacy.

Instrumentation
A PG Instruments double beam UV-visible spectrophotometer, Model: T-60, with a UV win
Software 5.1.1 version. It has 1cm quartz cell used for the spectral and absorbance

measurements.

Determination of Amax:

By appropriate Aliquots of drugs with solvent containing 10pg/ml of Atovaquone and 4
ug/ml of Proguanil were scanned separately in the UV range of 400-200 nm to determine the
A max of Atovaquone (279nm) and Proguanil (254nm) .The overlain spectra indicating Amax

of both drugs as shown in Figure No. 3.0

Fig. No. 3.0 Overlay spectra of Atovaquone and Proguanil
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Figure No 3.0
Preparation of standard stock solution
250 mg of Atovaquone and 100mg of Proguanil Standards were weighed and transferred into

100 ml volumetric flasks separately and dissolved in distilled water and made up to the
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volume with water. These solutions were observed to contain 2500 and 1000 pg/ml. And

further dilution was made to get concentration 10 pg /ml Atovaquone and 4 pg/ml Proguanil.

Preparation of sample solution and formulation Analysis

Twenty tablets of formulation (Atovaquone 250 mg and 100 mg of Proguanil) were weighed
accurately and powdered. The tablet powder equivalent to Atovaquone 250 mg and 100 mg
of Proguanil was weighed and transferred into 100 ml volumetric flask and a minimum
quantity of distilled water was added to dissolve the substance by using ultra sonication for
15 min and made up to the volume with the same(1000 pg/ml). The content was filtered
through Whattman filter paper No. 41. From the cleared solution, further dilutions were made
by diluting 1 ml to 25ml volumetric flask, further diluted 2 ml to 100 ml to obtain 10 pg/ml
of Atovaquone and 4pg/ml of Proguanil theoretically. The absorbance measurements were
made for the formulation at 279 nm, 254 nm. From the absorptivity values of Atovaquone
and Proguanil at 279 nm, 254 nm, the amount of Atovaquone and Proguanil were determined
by using Simultaneous equation method Results of formulation analysis shown in Table No
1.0

Simultaneous Equation Method

From the standard preparation, various dilutions were made at concentration range from 7.5-
20pg/ml and 3-8pg/ml.

The simultaneous equations formed were,

At Al Al = ax1bCx + aylbCy ------ (1)

At A2 A2 = ax2bCx + ay2bCy ------- (2)

Where Al and A2 are the absorbance of sample solution at 279 and 254 nm respectively. Cx
and CY are the concentration of Atovaquone and Proguanil respectively (ug /ml) in sample
solution. The absorbance’s (Al& A2) of the sample solution were recorded at 279 and
254nm respectively and concentration of both the drugs were calculated using above

mentioned equation.

Table No. 1: UV Spectrophotometric assay Results for Atovaguone and Proguanil

Drua name Label claim Estimated Amount | % of lable claim
g (mg/tab) (mg/tab) S.D (n=6)
Atovaquone 250 251.175 100.47
Proguanil 100 99.24 99.24

WWW.WjppSs.com Vol 3, Issue 6, 2014. 1989
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Linearity
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A calibration curve was plotted as concentrationVs absorbance and the corresponding

linearity range was given for the selected absorption maxima.

Atovaquone was found to be linear in the concentration range of 7.5 to 20 pg/ml at 279 nm

and Proguanil was found to be linear in the concentration range of 3 to 8 ug/ml at 254 nm.

The data for the absorbance of Atovaquone and Proguanil drugs are given in Table No. 2.0 &

Table No0.3.0 as well as respective calibration curve shown in figure No.4.0 and figure No.5.0

respectively.

Table No. 2.0 Linearity data for Atovaquone

Sr.No Concentration Absorbance
Range
1. 75 0.365
2. 10 0.479
3. 125 0.593
4, 15 0.699
5. 175 0.824
6. 20 0.944
Table No. 3.0 Linearity data for Proguanil
Sr.No Con;entratlon Absorbance
ange
1. 3 0.154
2. 4 0.199
3. 5 0.255
4, 6 0.313
5. 7 0.366
6. 8 0.417
1
. P
0.7 /
0.6 / == Seriesl
yd
0.5 / Linear (Seriesl)
0.4 / Linear (Seriesl)
0.3 / Linear (Seriesl)
0.2
0.1 /
0]
0] 5 10 15 20 25

WWW.W|pps.com

Fig. No0.4.0 Calibration Curve for Atovaquone
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Fig. No.5.0 Calibration Curve for Proguanil

Precision

The repeatability of the method was confirmed by the formulation analysis, repeated for six times
with the same concentration. The amount of each drug present in the tablet formulation was
calculated. The percentage RSD was calculated. The intermediate precision of the method was
confirmed by intra-day and inter-day analysis i.e. the analysis of formulation was repeated three
times in the same day and on three successive days, respectively. The amount of drugs was

determined and % RSD was calculated and reported in Results and Discussion Table No. 3.0.

Accuracy

Accuracy of the method was studied by recovery experiments. The recovery experiments
were performed by adding known amounts of standard drug to formulation samples. The
recovery was performed at three different concentrations levels (i.e. 50%, 100% and 150%).
This procedure was repeated for three times for each concentration. The results of recovery

studies were calculated for %RSD and shown in Results and Discussion Table No. 3.0.

Limit of Detection (LOD) and Limit of Quantitation (LOQ)

The limit of detection (LOD) and the limit of quantitation (LOQ) of all selected combination
of drugs were derived by calculating the signal to-noise ratio using the following equations as
per the ICH guidelines. LOD=3.3x0/S;LOQ=10xc/S,where o-standard deviation of the
response and S- slope of calibration curve LOD and LOQ values shown in Results and

Discussion Table No. 3.0.

RESULTS AND DISCUSSION
Overlay spectra of Atovaquone and Proguanil (Fig.No.3.0) shows that the estimation of both

the drug can be possible using simultaneous equation method at the wavelength of 279nm
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and 254nm. Using appropriate dilutions of standard stock solution, the two solutions were
scanned separately. A critical evaluation of proposed method was performed by statistical
analysis of data where slope, intercept, correlation coefficient were studied. Beer’s law is
obeyed in the concentration range 7.5-20ug/ml and 3-8ug/ml and correlation coefficient of
0.999 and 0.999 for Atovaquone and Proguanil respectively. The results and Optical
parameters for the developed and validated method of Atovaquone (ATOV) and Proguanil
(PROG) was given below Table No. 3.0

Table No. 3.0 Atovaquone and Proguanil data of validation parameter

Parameter Atovaquone Proguanil
Absorption maxima (Amax) 279nm 254nm
Beers law limit (ug/ml) 7.5-20 pg/ml 3-8 pg/mi
Correlation coefficient(r) 0.999 0.998
Slope 0.04683(at 279nm) | 0.05405(at 254nm)

0.0405(at 254nm) 0.01288(at279nm)
Intercept 0.00567(at 279nm) -0.0362(at 254nm)
-0.0504(at 254nm) -0.0129(at279nm)
LOD(pg/ml) 15.20(at 279nm) 6.31(at 254nm)
18.03(at 254nm) 8.19(at279nm)
LOQ(ug/ml) 46.08(at 279nm) 19.12(at 254nm)
54.63(at 254nm) 24.84(at279nm)
Recovery study 100.36+0.67 99.41+1.85
Interday precision 0.70 1.90
Intraday precision 0.64 1.80
CONCLUSION

The Spectroscopic method was developed and validated for simultaneous determination of
Atovaquone (ATOV) and Proguanil (PROG) in tablet dosage forms. The method was found
to be simple, specific, Precise and economical and can be applied for the routine and stability

analysis for commercially available formulation.
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ABSTRACT

A novel combination of Acebrophylline and Acetylcysteine is used in the treatment of chronic
obstructive pulmonary disease (COPD) and bronchial asthma. A simple, economic, sensitive,
accurate and reproducible spectroscopic method has been developed and validated for the
simultaneous estimation of Acebrophylline and Acetylcysteine in capsule dosage form by
Simultaneous equation method. Acebrophylline and acetylcysteine were found to have
absorbance maxima at 273 and 220 nm respectively in distilled water. Acebrophylline was found
to be linear in the concentration range of 1 to 6 ug/ ml at 273 nm and Acetylcystef

found to be 6.22 pg/ml and 18.84pg/ml (at 273nm) for Acebrophylline, .
111.04pg/ml at (220nm) for Acetylcysteine respectively. The recovery o ne and
Acetylcysteine were found to be 101.86% and 99.54% respectively s
method. The assay of marketed tablet formulation (Pulmoclear Ca
101.81% and 99.82% for Acebrophylline and Acetylcysteine respe
validated statistically as per ICH guidelines. The method sho

Zhe mehod was

0 be simple, specific,
f Acebrophylline and
Acetylcysteine in pharmaceutical formulations.

KEYWORDS: Acetylcysteine, Acebrofylline ation method, Validation, ICH.



1. INTRODUCTION

Chemically Acetylcysteine' is the N-acetyl derivative of the amino acid L-cysteine and a
precursor in the formation of antioxidant glutathione in the body. The thiol (sulfahydryl) group
confers antioxidants effects and is able to reduce free radicals. Acetylcysteine? IUPAC name is
a (2R)-2-acetamido-3-sulfanylpropanic acid [Figure 1], represents mucolytic drug which
decreases the viscosity of secretions by splitting of disulphide bonds in mucoproteins and it also
promotes the detoxification of an intermediate paracetamol metabolite which is used in the
management of paracetamol overdose.

Acebrofylline® IUPAC name is 4-[(2-amino-3,5-dibromophenyl) methyla
2-(1,3-dimethyl-2,6-dioxopurin-7-yl)acetic acid. Acebrofylline is the salt
equimolar amounts of theophylline-7-acetic acid, a xanthine deri
bronchodilator activity and ambroxol, a mucolytic and expectoran
Ca2H28BraNgOs and molecular weight 616.302 g/mol as shown in Fif
0 inhibition of
phospholipase A, and phosphatidylcholine. Literature survey me methods have
been reported for the estimation of single and very few m
there is no UV-Visible simultaneous equation meth
Acebrofylline and Acetylcysteine in capsule formulati
relatively simple, rapid and highly sensitive and ,
of multicomponent of interest and it can
laboratories.
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structure  of Figure 2: Chemical structure of
Acebrofylline
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Figure 1:
Acetylcystein

21C Reagents

AcebrofyHine (99.67%) and Acetylcysteine (99.69%) are samples were obtained from SL Drugs
and Pharmaceuticals, Hyderbad, India and all other chemicals were of analytical grade. The
commercial Pulmoclear (brand name) capsule formulation contain Acebrofylline 100mg and
Acetylcysteine 600mg Manufactured by Fourrts(India) Laboratories Pvt. Ltd were obtained from
local retail pharmacy.



2.2 Instrumentation

A PG Instruments double beam UV-visible spectrophotometer, Model: T-60, with a UV win
Software 5.1.1 wversion. It has 1lcm quartz cell used for the spectral and absorbance
measurements.

2.3 Determination of Amax

By appropriate Aliquots of drugs with solvent containing 4pg/ml of Acebrofylline and 24 pg/ml
of Acetylcysteine were scanned separately in the UV range of 400-200 nm to detgemi
max of Acebrophylline (273nm) and Acetylcysteine (220nm).

2.4 Preparation of standard stock solution
100mg of Acebrophylline and 600mg of Acetylcysteine Standards were
into 100 ml volumetric flasks separately and dissolved in distilled w
volume with same. These solutions were observed to contain 1000 and
respectively. From the above stock solution 0.5ml was pipetted ou
and made upto 10ml with diluent. From the above stock solutior
ml volumetric flask and made upto 10ml with diluent to get
and 24pg/ml Acetylcysteine.

il volumetric flask
ipetted out into a 10
pg/mlAcebrophylline

2.5 Preparation of sample solution and for
Twenty tablets of formulation (Acebrophylling
weighed accurately and powdered. The t
600 mg of Acetylcysteine was weighe
minimum quantity of distilled wa
sonication for 15 min and made u
content was filtered through Whatt
dilutions were made by diluting
to obtain 4 ug/ml of Aceb

The absorbance measuremé
absorptivity values o
Acebrophylline and

"600 mg of Acetylcysteine) were
ent to Acebrophylline 100 mg and
into 100 ml volumetric flask and a
to dissolve the substance by using ultra
e with the same diluent (5000 pg/ml). The

paper No. 41. From the cleared solution, further

ine were determined by using Simultaneous equation method.

2.6 Simultane 2thod

------ M

Where Al and A2 are the absorbance of sample solution at 273 and 220 nm respectively. Cx and
CY are the concentration of Acebrofylline and Acetylcysteine respectively (ug /ml) in sample
solution. The absorbance’s (Aland A2) of the sample solution were recorded at 273 and 220nm
respectively and concentration of both the drugs were calculated using above mentioned
equation.



2.7 Linearity

Linearity of the concentrations was determined in the range of 1-6ug/ml at 273nm and 6-
36ug/ml at 220nm for acebrofylline and acetylcysteine respectively. And Slope, intercept and
correlation coefficient (R?) was calculated from the calibration curve.

2.8 Precision
The repeatability of the method was confirmed by the formulation analysis, repeated for six times
with the same concentration. The amount of each drug present in the tablet formulation was
calculated. The percentage RSD was calculated. The intermediate precision of t thod was
confirmed by intra-day and inter-day analysis i.e. the analysis of formulation w
times in the same day and on three successive days, respectively. The €
determined and % RSD was calculated.

2.9 Accuracy
Accuracy of the method was studied by recovery experiments. T
performed by adding known amounts of standard drug to form

periments were

calculated for %RSD.

2.10 Specificity
Specificity is the ability of the method t
components. The evaluation of specificit

2.11 Selectivity
It is confirmed by determining the Lifnit"6f Detection (LOD) and Limit of Quantitation (LOQ).

2.12 Limit of Detection (
The limit of detection (LOIS
drugs were derived by
the ICH guidelines.
S- slope of calibrati

fof Quantitation (LOQ)

it of quantitation (LOQ) of all selected combination of
gnal to-noise ratio using the following equations as per
0Q=10x0/S,where o-standard deviation of the response and

brofylline and Acetylcysteine (Figure 3) shows that the estimation of both
possible using simultaneous equation method at the wavelength of 273nm and
220nml4ds propriate dilutions of standard stock solution, the two solutions were scanned
A critical evaluation of proposed method was performed by statistical analysis of data
, Intercept, correlation coefficient were studied. Beer’s law is obeyed in the
concentration range 1-6 pg/ml and 6-36pug/ml and correlation coefficient of 0.9997 and 0.9995
for Acebrofylline and Acetylcysteine respectively. The results and Optical parameters for the
developed and validated method of Acetylcysteine (ACST) and Acebrofylline (ACBF) was
given below Table 4, The Linearity data for the absorbance of Acebrofylline and Acetylcysteine
drugs are given in Table 2 and Table 3 as well as respective calibration curve shown in figure 4
and figure 5 respectively. The recovery was performed at three different concentrations levels



(i.e. 50%, 100% and 150%). The results of recovery studies were calculated for %RSD and
shown in Table 3.

3.1 Specificity
The method was found to be specific in presence of Ambroxol which is the impurity of the drug.

3.2 Sensitivity
The limit of detection value for Acebrophylline and acetylcysteine was calculated and reported
in Table 4. It was found to be selective method for this combination of drug.

3.3 Linearity and Range
The developed method was found to be Linear in it range and the slope, intel
coefficient was reported in Table 4.

3.4 Precision
It is expressed as the percentage coefficient of variation (%CV)/9
the following expression:

% CV= (standard deviation /m
It was found to be less than 2%. The results for interda
Table 4.

s calculated as per

precision were reported in

240.00 260.00 280.00 300.00 320.00 340.00 360.00 380.00
nm

 spectra of Acebrophylline and Acetylcysteine

Label claim Estimated Amount % of Lable claim S.D
_ (mg/tab) (mg/tab) (n=6)
Acebrophylline 100 101.81 101.81
Acetylcysteine 600 598.968 99.828




Table 2: Linearity data for Acebrofylline

Sr. Concentration in Absorbance
No (1g/ml)

1. 1 0.04

2 2 0.082

3 3 0.129

4 4 0.167

5 5 0.21

6 6 0.256

Table 3: Linearity data for Acetylcysteine

Sr.No Concentration in
(ng/ml) Absorbance _,
1. 6
2. 12
3. 18
4, 24
5. 30
6. 36
0.3
y=0.042x- 0.001
0.25 R*= 0.999
0.2 |
% Seriesl
0.15 -
0.1 Linear
0.05 (Seriesl)
0]
-0.05 © S 10

bration Curve for Acebrofylline

y=0.025x+ 0.008
R?*=0.999

® Seriesl

Linear
(Seriesl)

Fig. 5: Calibration Curve for Acetylcysteine



Table 4 : Acetylcysteine and Acebrophylline data of validation parameter

Parameter Acebrophylline Acetylcysteine

Absorption maxima (Amax) 273 220

Beers law limit (ug/ml) 1-6 pg/mi 6-36 pg/ml

Correlation coefficient(r?) 0.9997 0.9995

Slope 0.0429 (at 273nm) 0.0249(at 220nm)
0.1300(at 220nm) 0.00706(at 273nm)

Intercept -0.002866(at 273nm) 0.01573(at 220nm)

-0.000133(at 220nm) 0.00786(at 273nm) ¢

0.166 (at 273nm) 1.275 (at 220

LOD(g/mi) 0.166(at 220nm) 1.275(at 273
0.503(at 273nm) 3.866(at

LOQ (g/ml) 0.5037(at 220nm)

Recovery study 101.86+0.252

Interday precision 0.190

Intraday precision 0.315

4. CONCLUSION

The Spectroscopic method was developed

found to be simple, specific, Prec
control analysis for commercially av.
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