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ABSTRACT

A simple, accurate, novel, safe and precise method using simultaneous equationwas
developed for the simultaneous estimation of poorly water-soluble drugs,
Paracetamol and caffeine anhydrous in tabletdosage form using 2MSodium acetate
and 8M Urea solution (50:50% W/V) as a mixed hydrotropic solution. Paracetamol
and caffeine anhydrous show maximum absorbances at 245 nm and 273.5 nm
respectively. Sodium acetate and Urea solution did not show any absorbance above
240 nm and thus no interference in the estimation of drugs. Paracetamol andcaffeine
anhydrous follows the Beer’'s law in the concentration range of 2-16 pg/ml and 1-
10pg/ml with correlation coefficient of 0.999 and 0.999. The optimized methods
showedgoodreproducibility and recoverywith ranging from 97.08+0.086 to
99.82+0.097 for Paracetamol and caffeine anhydrous respectively. The developed
method was validated according to ICH guidelines and values of accuracy, precision
and other statistical analysis were found to be in good accordance with the
prescribed values therefore the method can be used for routine monitoring of

Paracetamol and caffeine anhydrous in industry.

Keywords:Mixed hydrotropy, Simultaneous equation, Paracetamol, caffeine
anhydrous, Sodium acetate, Urea, Validation
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CHAPTER-1
INTRODUCTION

The science that deals with the identification and quantification of the components of
material systems such as these is called analytical science. It is called that because
the process of determining the level of any or all components in a material system is
called analysis. It can involve both physical and chemical processes. If it involves
chemical processes, it is called chemical analysis or, more broadly, analytical

chemistry’.

Analytical procedures can be classified in two ways: first, in terms of the goal of the
analysis, and second, in terms of the nature of the method used. In terms of the goal
of the analysis, classification can be based on whether the analysis is qualitative or

quantitative.

Qualitative analysis, an analysis carried out to determine only the identity of a pure
analyte, the identity of an analyte in a matrix, or the identity of several or all
components of a mixture. Quantitative analysis is the analysis of a material (matrix
of the analyte) for how much of one or more components are present. If a material is
known by a particular name and an analysis is carried out to determine the level of
that named substance in the material, the analysis is called an assay for that named

substance.

Analysis procedures can be additionally classified into procedures that involve
physical properties, wet chemical analysis procedures, and instrumental chemical

analysis procedures.

1) Analysis using physical properties involves no chemical reactions and at
times relatively simple devices to facilitate the measurement. Physical
properties are especially useful for identification such as melting point, boiling
point, specific gravity, viscosity, refractive index, solubility, particle size, in
addition to characteristic absorption features and optical rotation play a vital

role in characterization of pharmaceutical chemicals and drug substances.



2) Wet chemical analysis techniques are classical techniques usually involve
chemical reactions or classical reaction. The two major subcategories of wet
chemical analysis.

(a) Gravimetric analysis methods primarily utilize forthe measurement of
weight.

(b) Titrimetric analysis is also known as volumetric analysis, utilize
solution chemistry where the volumes of solutions are prepared,

measured and transferred and analyzed frequently.

Instrumental analysis can also involve chemical reactions, but it also involves
modern sophisticated electronic instrumentation. Instrumental analysis techniques
are fast and can offer a much greater scope and practicality to the analysis. In
addition, instrumental methods are generally used to determine the minor
constituents or constituents that are present in low levels, rather than the major
constituents of a sample.
Instrumentalmethodsaregenerallyclassifiedintotwobroadgroups:Electrochemical and
spectral (optical) methods.

Electrochemical methods of analysis involve the measurement of current, voltage
or resistance in relation to the concentration of a certain species in solution. for
example; Voltametry, Coulometry, Potentiometry, Conductometry.

Spectral methods are based on absorption and emission of radiation. Absorption:
Ultraviolet (UV) -Visible spectrophotometry,

Emission:Fluorimetry



UVSPECTROMETRY

Spectroscopy in the ultraviolet (UV), visible (Vis), and near-infrared (NIR) range of
the electromagnetic spectrum is frequently referred to as electronic spectroscopy
because, when a substance is exposed to light, electrons are moved from low-
energy to high-energy atomic or molecular orbitals These electron transferprocesses
can occur in inorganic and organic molecules and transition metal ions. The primary
foundation of spectroscopic methods is the detection of electromagnetic radiation's
interactions with quantized matter at particular energies. The measurement and
interpretation of electromagnetic radiation that is absorbed as molecules in a sample
transition from one energy level to another, such as from ground state to excited

state or from exited state to ground state, is known as spectrophotometry. 2
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INSTRUMENTATION
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Fig1.2:Schematicrepresentationofthedual-beamUVSpectrometer

(a) LightSource:

Tungsten-Halogen lamp: This lamp offers wavelength coverage from thenear
ultraviolet (300-320 nm) to the red end of the visible spectrum (750-800 nm).
Deuterium or hydrogen lamp: This is mostly used to measure far ultraviolet light to
200 nm

(b) Monochromators:

A monochromator's function is to create a beam of monochromatic (single
wavelength) radiation from a variety of wavelengths. There are two fundamental
techniques for choosing a wavelength: filters and a dispersing system.

Filters: Coloured glass or gelatine filters are the most basic kind of selection. Rarely

do typical bandwidths exceed 30 to 40nm

(c) Prisms

The spectrum is centered at the after-dispersion exit slit that may be moved around
the beam and scanned to get the needed wavelength. In reality, the spectrumusually
moves across the output slit when the prism is rotated. Typical monochrome prism-
Mator is seen in the figure below. Instead of lenses, reflective components like

mirrors are preferred in UV systems for both cost- and efficiency-related.



(d) Samplecells:

The sample supplied for spectrophotometric analysis may be in the solid, liquid, or
gaseous condition. Cells made of optically flat fused glass may be used for
measurements for the analysis of liquids and gases in the UV/visible range above

320 nm, but below 320 nm, more complex methods must be utilized.

(e) Detector:

Detectors used in UV/visible spectrophotometers can be called as photometric
detectors. When a radiation is passed through a sample cell, part of it is being
absorbed by the sample solution and the rest is being transmitted. This transmitted
radiation falls on the detector and the intensity of absorbed radiation can be
determinedordisplayed.Inthesedetectors.thelightenergyisconvertedtoelectrical signal
which can be read or recorded. The most commonly used detectors are

1) BarrierLayercellorPhotoVoltaiccell

2) Phototubesorphotoemissivecellsand

3) PhotoMultiplier tubes

(f) Recorder(or)display:

The provision of a signal (often an electrical voltage) that is proportionate to the
absorption bya sample at a specific wavelength marks the fundamentalfunction of a
spectrophotometer.Clear,unambiguousdigitalreadouts(LEDorLCD)arepreferred. and
it could be connected to a microprocessor so that reading can be done in any

desired words, such as directly in units of concentration.??



MULTICOMPONENTANALYSIS

Assayasasingle component:
It is carried out on the basis where other components have a sufficiently small
absorbance at the wavelength of measurement. It is satisfied only if the conc.
of interfering substances, their absorptivity / path length of solution are
sufficiently small that their absorbance can be ignored.®

Assayusingabsorbancecorrectedforinterference:
If the identity, concentration and absorptivity of the absorbing interferents are
known, it is possible to calculate their contribution to the total absorbance of a
mixture.The concentration of the analyte is then calculated from the corrected
absorbance (total absorbance - the absorbance of the interfering
substances).*

Assayaftersolventextractionofthe sample:
If the interference from other interferents is large or its contribution to the total
absorbance cannot be calculated, the separations by solvent extraction
procedure have been opted. It is particularly for acidic or basic drugs where
state of ionization determines their solvent partition. The choice of pH of the
aqueousmedium and of immiscible solvent effects the complete separation of
interferents from analyte.*5

SimultaneousEquations:
If a sample contains two absorbing drugs (X & Y) each of which absorbs atthe
imax of the other (A1 &\2), it is possible to determine both drugs by
simultaneous equation.
Theinformationrequired
(1) absorptivitiesofX ati1 &\2,ax1&axz respectively.
(2) absorptivitiesofYati1 &\2,av1&av2 respectively.
(3) absorbanceofthedilutedsampleati1&\12,A1&A2 respectively.

(4) concentrationofX&Y,cx&cyrespectively.



Let Cx and Cy be the concentration of x and y respectively in the diluted
samples. Two equations are constructed based upon the fact that at A1, the

absorbanceofthemixtureisthesumoftheindividualabsorbanceofxand

Ai=a,bC. +a,bC ................ (1)
y2A2 = O A TP L P —— (2)
Formeasurementsinicmcells,b=1cm.Rearrange Eq.
Rl ~ B €}
c, =-—2—"xx 3)
- ﬂ}*:

SubstitutingforCyineq.(1)andrearranginggives
( A-.—::z s —Aga ;} ' = Y
C, =—L—F i, (4)

(@yz@y,— @y @y, )

(A, 0pn= A0y, )
C. = e e et (5)

¥ (@yg@y. = Gy By )

Criteria for obtaining maximum precision, based upon absorbance ratios,have
been suggested that place limits on the relative concentrations of the

components of the mixture. The criteria are that the ratios

"~
&= .141 av: _Iu' a "
Gxz/ Gxa A2/41

and should lie outside the range 0.1-2.0 for the
precise determination of y and x respectively. These criteria are satisfied only
when the A max of the two components reasonably dissimilar and if the two
components do not interact chemically, thereby negating the initialassumption
that the total absorbance is the sum of the individual absorbances.®
DifferenceSpectrophotometry:

The technique of difference spectrophotometry can significantly increase the
selectivity and accuracy of spectrophotometric analysis of samples containing
absorbing interferents. The absorbance difference (A) between two equimolar
solutions of the analyte in various chemical forms with differing spectral
properties is the key aspect of this approach. The criteria for using difference
spectrophotometry in the presence of other absorbing substances are as

follows:



1. Reproducible changes in the spectrum of the analyte may be introduced by
the addition of one or more reagents.
2.The reagent has no effect on the absorbance of the interfering compounds.
The change of pH using aqueous solutions of acids, alkalis, or buffers is
thesimplest and most popular method for
changingthe  spectral characteristics of the analyte®
DerivativeSpectrophotometry:
By varying the sample's absorbance with respect to wavelength, derivative
spectrophotometry transforms a normal spectrum (basic, zero-orderspectrum)
into its first, second, or higher derivative spectra. As it improves the
detectability of minor spectral features, the differentiation of zero-orderspectra
can lead to the separation of overlapping signals, the elimination of
background brought on by the presence of other compounds in a sample, the
improvement of mixture resolution, and an increase in sensitivity and
specificity.
In comparison to the original spectrum, derivative spectra provide a more
distinctive profile; additional maxima and minima as well as locations where
derivative spectra cross the X-axisappeared. Method upholds all of the
classical spectrophotometry's laws, including the additivity law and the
dependence of the derivative value on the analyte concentration. By
measuring the amplitude of the derivative spectrum of the mixture at various
wavelengths, these properties enable the identification of various components
in a mixture. The observed amplitude is only proportional to the concentration
of this analyte if the derivative peak height measurement of the analyte is
carried out at the wavelengths at which the spectra of other components
experience zeroing. The "zero-crossing technique" is the name given to this

method of quantitative determination.®



AbsorbanceRatioSpectromethod:
Consider a mixture of two compounds x and y. The absorption spectrum ofthe

mixture "measured in 1 cm cell" is defined by the equation
A= Gt 0, i)

. . a, and a.,
Where;AMistheabsorbanceofthemixture ' ¥ are the molar
absorptivities, Cx andCy are the concentrations of xand y, respectively. If the

absorbance of the mixture is divided by the absorbance of a standard solution

0 0
=a
ofx(its absorbance ~ * * " )thefollowingequationresult
A C Ay
—-L; = —'!-é- -+ “g*ﬁ'}
Ay Cx Ay
Cx

D
The ratioiscé' constant value (Fig. 1) which can be eliminated by taking the
difference in absorbance ratio amplitudes between two wavelengths A 1 and A

2 (peak to peak measurement)

) -l B-
oM | | (8)
lAi’ 1 A?" 12

5
F |

Ay
Ay

Ay
A

2 b
Eq. (8) illustrates that the amplitude difference in the mixtureabsorbance ratio
between two wavelengths A1 and A2 (termed; peak to peak, peak to trough,
maximum to minimum measurement, or ratio difference spectrophotometric
method) is equal to the same amplitude difference for compound y after
cancelling the constant interference due to compound x. The concentration of
compound y (Cy) is proportional to the peak-to-peak amplitudes of its
absorbance spectra. A calibration graph is obtained by recording and storing
the spectraofsolutionsofdifferent concentrationsof purey, andthespectrum of a
solution of pure x (the divisor x 0). The stored spectra of the solutions of pure
y are divided by the standard spectrum of the divisor (x 0). In the generated
ratio spectra, the peak-to-peak amplitudes between the selected wavelengths
are measured and plotted against Cy to obtain the calibration graph. By using
the calibration graph, the concentration of compound y in the mixture is
determined after similar treatment for the mixture solution. The concentration

of x in the mixture is determined by an analogous procedure.®



MethodUsingDerivativeRatioSpectra:

It is a brand-new method for figuring out the three chemicals in ternary mixes.
This technique is based on the derivative of ratio spectrum, which isgenerated
by dividing the ternary mixtures' absorption spectrums by a
standardspectrumofamixtureoftwoofthethreeprimarymixed components.

The calculation of the ratio spectra for resolving binary mixtures enables the
utilization of the analytical signals’' maximum wavelengths with multiple
maxima and minima, allowing for the detection of active substances in the

presence ofexcipientsandother chemicals thatmight interfere with the assay
&

Calculation of the first derivative will remove the constant value due“toin

Eq.9,soconcentrationofycanbeeasilydeterminedwithoutany

Ay C Aq.
_..‘...‘..:—-—fi—i-——":-!—- ____________________ (9]

20 g v
Ay Oy A
interferencesfromthedrugx.

AM A}-
= and. =g

The difference between the two spectra . “%is due to the constant

Cx

D -
interference value due to compound x €% " Elimination of suchinterference
can be done bymeasurement of ratio spectra difference between

two wavelengths or calculating derivative of the ratio spectra. Second
derivative of the ratio spectra may be also used to improve linearity, mean %
recoveriesanddecrease relativestandarddeviation. Spectra wasmodified for
the determination of ternary mixtures using the derivative ratio spectra zero-
crossing method. This method is realized by measurement of amplitudes at
the zero crossing points in the derivative ratio spectra.’
DoubleDivisorRatioSpectraDerivativeMethod:

The calculation of the ratio spectra for resolving binary mixtures is the
foundation of this straightforward spectrophotometric technique created by
Salinas et al.lt enables the utilization of the analytical signals' maximum
wavelengths with multiple maxima and minima, allowing for the detection of
active substances in the presence of excipients and other chemicals that

might interfere with the assay.

10



If a mixture of three compounds (X, y and z) is considered, if Beer's law is
obeyed for all compounds over the whole wavelength range used and if the
path length is 1 cm, the absorption spectrum of the ternary mixture at

wavelengthAcanbewritteninformoftheequation.

Ao, Gro Cro G

whereAmistheabsorbanceofthe mixture,

" C. €. and €.
Bz, By and Qzare the absorptivities of x, y and z, wi By B

andare the concentrations of x, y and z, respectively.
A similar equation for two compounds in the same ternary mixture as in a

standard binary mixture can be written as

As= 0 B 6 Conmnn (11)

m
If Eq. (10) is divided by Eq. (11) corresponding to the spectrum of a standard

solution of two of the components in the ternary mixture, the ratio spectrum is

obtained in the form of Eq.
A ay Lyt ay Gy a,C,
s =L e (12)

ay Getay Gy ay Gtay G ay Cytay Gy

The ratio of the sum of (@, C-f+ a, C‘*) to the sum of
(a, C/+ a, C)) isequaltoaconstant(k)withrespecttoh, Iftheabove

constantisreplacedinEq.(12),weobtainEq.(13)

O — . azCy
o Ctay O k (constant) + T ay P
.......... (13)

: , CfandC;.’ ot Cy <Cy,
However,ifthestandardconcentrationsof <" we could
write

0 1 [ 0
o T u; = 8T 8 Jouaun (14)

WhenEq.(14)issubstitutedintoEq.(13),Eq.(15)isobtained
m = (constant) + %

(ay +ay) e (ay +ay) ¢!

11



If the first derivative of Eq. (15) is taken, since the derivative of a constant is
zero, Eq. (16) would be obtained 2
d A d a C
a [(ax - ::.}cx"-‘] - E[ (ay :a},ﬁ c_er """"""" (16)
Eq. (16) is the mathematical foundation of multicomponent analysis which
permits the determination of the concentration of each of the active
compounds in solution without interference from the other components of the
ternary system. In practice, Eq. (16) corresponding to the first derivative ratio
spectrum of z is obtained by dividing the absorption spectrum of the ternary
mixtureof x, y and z by the standard spectrum of twoof the compounds in the
ternary mixture. Also, in Eq. (16), the derivative signal of the ratio spectrum of
theternarymixtureisdependentonlyontheconcentrationvaluesCZand

x . but is independent of the concentration values CX and Cy in the ternary
mixture. The concentrations of x and y are determined by analogous
procedures.”

SuccessiveRatio-DerivativeSpectraMethod:
A new spectrophotometric technique was created for the simultaneous
determination of ternary mixtures. The successive derivative ratio spectra is
the name of this technique. The technique is based on the two-step
successivederivativeofratiospectra. Theprocess'smathematicaljustification  is
demonstrated. Both model data and experimental data were tested to
determine whether the method was applicable.’

Q-AbsorbanceRatioMethod:
He simultaneous equations approach has been modified by the "also known
asabsorption ratio method." Thisapproach statesthat the ratio ofabsorbance at
any a material that complies with Beer's law has two wavelengths rule, which
is a constant value unaffected by concentration also the path length. ltis
known as "Hufner's constant" or Q-value. The process makes use of thetwo
wavelengths, one measurement of absorbance the maximum of one ofthe
components (being 2) and the other being a wavelength whereabsorptivity is
equal. the iso-absorptive point, which has components. It is
possibletodetermineeachcomponent'sconcentration.using algebraicequations

where A is the sample's absorbance at the isoabsorptive

12



wavelength, Cx and Cy are the concentrations of x and y, respectively, Aland
A2 are the absorptivity of x and y, respectively.’
Isobestic/lsoabsorptivePointMethod:
An isosbesticpoint inspectroscopy isa particular wavelength at which two (or
more) chemical species absorb light with equal efficiency. If both species are
present in the same concentration, this wavelength on an isosbestic plot
corresponds to the point at which the absorption spectra of the two species
cross. This wavelength corresponds to the molar absorptivities. According to
this definition, an isosbestic point is a wavelength where two or more species
have extinction coefficients that are equal to one another.”
Absorptivityfactormethod:
If there is just a significant variation in the absorptivity of the two medications,
preventing the occurrence of an iso-absorptive point, the absorptivity factor
(modification of the classical iso-absorptive method) is used for the study of
thebinarymixture. Using any of the widely used spectrophotometric
procedures, the concentration of drug y in a mixture of two medications x and
y can be calculated; drug x can use the absorptivity factor approach to
determine.’
Ratiosubtraction method:
The ratio subtraction method is one of the spectrophotometric techniques that
can be applied to the routine analysis without the necessity for derivatization
and may be used to analyze two or more drug combinations simultaneously
without the need for separation.
If a mixture of 2 medications, x and y, has overlapping spectra but y's
spectrum is longer than x's, it is possible to determine x by reducing the
mixture's spectrum by a specific y as a divisor concentration (y0) after
subtracting the old curve, multiply the new curve by y0. we'll discover theinitial
zero-order DoX's spectrum.’
Meancenteringoftheratiospectra:
This technique is used to further enhance the selectivity and eliminate thedrug
overlap that exists in binary and ternary mixes. This gets rid of thesignal-to-

noise ratio is dependent on the derivative step and is enhanced.’

13



Absorptionfactormethod:
This technique explains how to analyze a binary mixture in which the spectra
of the two components, x and y, overlap. At the maximum of x, Y exhibits
interference, however at a different wavelength (2), X exhibits no interference
with Y. In the 200-300 nm wavelength range, there is a significant overlap
between the absorption spectra of x and y. As a result, the absorption spectra
of the standard solutions of y at various concentrations were captured
between200and400nm.calculated.Duetotheabsenceofx's contribution at this
wavelength, the absorbance of the combination (x + y) at 2 nm is equal to that
of pure y.”
Multivariatechemometricmethods:

In itsbroadest sense,chemometrics is theart ofanalyzingdata usingdifferent
numericalmethodsin order to uncover insightful information. Drug separation,
acknowledges that measuring multiple things is often preferable. combining
non-selective signals first the use of a multivariate model or multivariate
analysis. The simultaneous consideration of numerous variables. A
multivariate measurement is one that includes A sample of interest is
subjected to many measurements. Consequently, several variables’
responses are measured. each specimen. Multivariate techniques comprise
numerous Methods for linear regression (MLR) and factor-basedmethods. Itis
incredibly convenient to arrange the data into matrices given the nature of the
work. It is helpful to group the independent and dependent variables into, in
particular, distinct matrices. If the spectroscopic method is used and the
absorbance spectra of several known samples All of these spectra are
measured, and composition compiled into a single matrix known as the
absorbance The concentration values for each component of the Additionally,
the sample's parts are put together to create the concentration matrix is a
distinctmatrix. In general, PLS approach uses data arranged as matrices of
row vectors, whereas MLR and PCR techniques use data organized as

matrices of column vectors.”
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HYDROTROPY
Most of the drug molecules are lipophilic and possess low aqueous solubility. In
1916, the term 'Hydrotropy' was coined by scientist Carl A. Neuberg to describe
anionic organic salts. He indicated that substances having the ability to make 'water-
soluble' would be labeled as "hydrotropic substances” It is one of the methods in
which aqueous solubility of poorly water-soluble drugs is improved by co-dissolving
with other extremely water-soluble inert compounds. These agents are termed as
hydrotropic agents or Hydrotropes. Sodium benzoate, Nicotinamide, sodium citrate,
sodium acetate, and urea are few hydrotropic agents which are used to increase the
solubility of a poorly water-soluble drug in an aqueous medium. Hydrotropic mixtures
may also be used to improve the solubility of poorly water-solublecompounds by the
synergistic or additive effect of combined hydrotropic solubilizers. Hydrotropes are
capableof increasingsolubility of asparselysolubleorganicmolecule inwater.ltis a
process that helps to improve the aqueous solubility of poorly soluble solutes by
adding a second solution (hydrotrope). A hydrotropic molecule interacts with a less
water-soluble molecule through weak van der Waals interactions such as -1 or
attractive interaction between dipole and dipole. The presence of a large quantity of

one solvent improves the solubility of another.

1.2.1SOLUBILITY

Solubility refers to the ability of the solvent to dissolve a given substance, this is
determined at equilibrium in terms of the average volume of solute dissolved in a
solvent; the resulting solution is called a saturated solution.

The pharmacopeia mentions solubility in terms of several milliliters of solvent
required to dissolve 1 g of solute. It is mentioned as a range if exact solubilities are

not identified.
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STRUCTUREOFHYDROTROPE:
Hydrotropes contain both hydrophobic and hydrophilic fractions. Hydrophobic-
hydrophilic portion of the hydrotrope balance decides the efficiency of hydrotrope
solubilization. The bigger the hydrophobic portion of an additive, the better the
hydrotropic efficiency; the less important is the presence of the charge on the
hydrophilic component. Hydrotropic agents may be liquid or solids, they may be
anionic, cationic, or neutral, or anionic or inorganic, hydrotropic compounds arefreely
soluble in water,they enhance the aqueous solubility of organic substancesby
creating aggregations of stack forms. 812

Hydrophobic part

(Aromatic Ring System)

Major effect on hydrotropy

Effective balance
between
counteracting part

Hydrophilic part

(Anion or Metal ion)

Minor effect an hydrotropy

Fig1.4:StructureofHydrotope
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MECHANISMOFHYDROTROPYSOLUBILIZATION:

The conventional hydrotropic salts of Neuberg generally consist of two parts, an
aromatic hydrophobic ring or ring system, an anionic group. The prerequisite for a
hydrotropic substance is the anionic group responsible for bringing high solubility in
the aqueous environment. The form of anion or metal ion has a slight influence.
The salts or additives that improve solubility in a solvent are referred to as "salt in"
and those salts that are decreased solubility, referred to as "salt out." Hydrotropism
refers to the salting of highly soluble non-electrolytes of water. In the hydrophobic
portion flip side planarity also plays a crucial role in the mechanism of hydrotropical
solubilization. It is also related to complexation which involves the interaction of
hydrotropic agents such as urea, Nicotinamide, sodium alginate, sodium benzoate,
etc. with lipophilic drugs.
Hydrotropic molecular self-association and the combination of hydrotropic molecules
with the solute enhance water solubility.
Thefollowingmechanismsaresuggestedtoexplainthemechanismsof hydrotropy.

1. Self-aggregationpotential

2. Structure-breakerandstructure—maker

3. Abilitytoformmicelleslikestructure'0-14

Hvdrotrope

Key Benefits: Key factors:

Surface Area

Concentration

> Molar volume

Chain length of

H_\ d|‘u:1'c.|~.\-\

Organic
Mixture

Liberation of Water Molecules ‘

Figure1.5:HydrotropicMechanismofSeparation
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CHARACTERISTICFEATURESOFHYDROTROPES:

1. Thehydrotropesystemisabsolutelywater-solubleandvirtuallyinsoluble.

. Hydrotropesareactiveatthesurfaceandaccumulateinaqueous solutiondue to its
amphiphilic nature.

. Hydrotrope solution is not exothermic. Hydrotropes are cheap, on poisonous
and non-reactive.

. The solvent character of hydrotrope is highly selective, it is insensitive to the

effects of temperature, and it is independent of pH.

ADVANTAGESOFHYDROTROPICSOLUBILIZATION:

Hydrotropy involves simply mixing the drug in water with the hydrotrope. The solvent

character is independent of pH, has high selectivity, and does not require

emulsification; hence it is superior to miscibility, micellar solubilization, co-solvency,

and salting in methods of solubilization. Solubilization doesn't require chemical

modification of hydrophobic products, the use of organic solvents, or emulsion

system preparation. 1516

MIXEDHYDROTROPICSOLUBILIZATION:

In this technique, instead of using a single hydrotropic agent in high concentration,

the combination of hydrotropic agents is used in lower concentrations, to increasethe

aqueous solubility of the poorly water-soluble drug.%-11.13

ADVANTAGESOFMIXEDHYDROTROPICSOLUBILIZATION:

1. The high total concentration of hydrotropic agents required to achieve a small

increase in solubility can be minimized by using a combination of hydrotropic
agents at a lower concentration. The reduction of the concentration of
individual hydrotropic agents to reduce side effect scan reduces their toxicity.

. It is a modern, quick, cost-effective, safe, reliable, and environmentallyfriendly
method for the analysis of poorly water-soluble drugs (Titrimetric,
Spectrophotometric, and Chromatographic).

. It replaces the use of organic solvents and thus avoids problems associated
with organic solvents such as residual toxicity, volatility error, contamination,
and expense.

. Mixed hydrotropy technology can be applied for designing a variety of dosage

forms of poorly water-soluble drugs.
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0,
°

Application of hydrotropic solubilization (by controlled precipitation) in

nanotechnology.

Usage of hydrotropical solubilization to extract active constituents from crude
products.6:17

APPLICATIONS:

Preparation of dry syrups with poorly water-soluble medicines (for

reconstitution).
UV-VisibleSpectrophotometricanalysisquantitativeestimatesofpoorly water-
soluble drugs that restrict the use of organic solvents.

Quantitative estimations of poorly water-soluble drugs by titrimetric analysis.

Such as lbuprofen, Flurbiprofen.'0-16
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Figure1.6:ApplicationofHydrotropy
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VALIDATION

FDA  definesvalidationas“establishthedocumentedevidencewhich  providesahigh
degree of assurance that a specific process will consistently produce a product of
predetermined specifications and quantity attributes” There are different types of
validation;

% EquipmentValidation

*

D)

*

FacilityValidationincludingutilities.

R/
0.0

Process Validation

¢

CleaningValidation
AnalyticalMethodValidation

%

Analyticalmethodvalidation
Method validation is the process to confirm that the analytical procedure employed
for a specific test is suitable for its intended use. Analytical testing of a
pharmaceutical product is necessary to ensure its purity, stability, safety andefficacy.
Analytical method validation is an integral part of the quality control system. Although
a thorough validation cannot rule out all potential problems, the process of method

development and validation should address the most common ones.'®

Parameters

The validation of the assay procedure was carried out using the followingparameters.

Specificity
The capacity to clearly evaluate the analyte in the presence of components thatcould
be anticipated to be present is known as specificity.
When validating identifying tests, determining contaminants, and performing the

assay, specificity should be investigated.

Accuracy

The accuracy of an analytical procedure expresses the closeness of agreement
between the value which is accepted either as a conventional true value or an

accepted reference value and the value found.
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Concentrationfoundpractically

%Recovery 100

Concentrationfoundtheoretically

Precision

The precision of an analytical procedure expresses the closeness of agreement
between a series of measurements obtained from multiple sampling of the same

homogenous sample under the prescribed conditions.

Repeatability expresses the precision under the same operating conditions. It is also
termed as intra-assay precision. It is assessed by using a minimum of nine
determinations for each tablet covering the specified range for the procedure (three

concentrations / three replicates each).

The precision of an analytical procedure is usually expressed as the variance,

standard deviation or coefficient of variation of a series of measurements.

StandardDeviation =
n—1
(X =x)?
S.D
R.S.D (%) = X100
X
) = Sumof
X = Meanorarithmeticaverage(Zx/n)
X = Individualobservedvalue
X=X = Deviationofavaluefromthemean

LimitofDetection(LOD)andLimitofQuantitation (LOQ)
LOD is the lowest concentration of the substance that the method can detect but not
necessarily quantify. LOD simply indicates that the sample is below or above a

certain level.
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LOQ is the lowest concentration of the substance that can be estimatedquantitatively
with acceptable precision, accuracy and reliability by the proposed method. LOQ is
determined by analysis of samples containing decreasing known quantity of the
substance and determining the lowest level at which acceptable level of accuracy

and precision is attained.

The limit of detection and limit of quantification were calculated based on the

standard deviation of the response and the slope.
Thelimitofdetection(LOD)maybeexpressedas

3.3c

LOD =
S

Thelimitofquantification(LOQ)maybeexpressedas

106
LOQ =
S
Where c =thestandarddeviation(SD)ofpeak
areasofsixinjectionsofeach drug.
S = theslopeofthecalibrationcurve

Linearity

The linearity of an analytical procedure is its ability (within a given range) to obtain
test results which aredirectly proportional to the concentration (amount)of analyte in
thesample.Thelinearityofananalyticalprocedureisitsability(withinagivenrange) to
obtain test results which are directly proportional to the concentration (amount) of
analyte in the sample. Linearity was assessed by performing single measurement at
several analyte concentrations. A minimum of five concentrations were

recommended for linearity studies.
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Range

The range of an analytical procedure is the interval between the upper and lower
concentration (amounts) ofanalyteinthe sample(includingtheseconcentrations) for
which it has been demonstrated that the analytical procedure has a suitable level of

precision, accuracy and linearity.
Robustness

The robustness of an analytical technique is a measure of its ability to be unaffected
by subtle but intentional changes to the method parameters and provides a clue asto

its dependability under typical conditions.

Robustness evaluation depends on the kind of technique being studied and should

be taken into account during the development phase.
Systemsuitabilitytesting

Testing for system compatibility is a crucial step in many analytical processes. The
tests are predicated on the idea that the apparatus, electronics, analytical

procedures, and sample material form an entire system.
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CHAPTER-2
DRUGPROFILE

Introduction
The paracetamol/caffeine combination relieves pain in both acute mild migraine

and episodic tension headache

Composition

Eachuncoatedtabletcontains

Paracetamol - 650mg

Caffeineanhydrous - 50mg

Category

Paracetamol - non-opioidanalgesicandantipyretic
Caffeine - CentralNervousStimulant

Molecularformula
Paracetamol - CsH9oNO2
Caffeine - CsH10N4O2

Molecularweight
Paracetamol - 151.165g/mol
Caffeine - 194.194g/mol

ChemicalName
Paracetamol - N-(4-hydroxyphenyl)ethanamide
Caffeine - 1,3,7-Trimethyl-3,7-dihydro-1H-

purine-2,6-dione
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Description:

Paracetamol:Whiteodourlesscrystallinepowder
Caffeine:Whiteodourlesscrystallinepowder;hasabittertaste

Solubility:
Paracetamol:Solubleinwater(1:70,1:20at100°C),ethanol(1:7),acetone(1:13),
chloroform (1:50), glycerol (1:40), methanol (1:10), propylene glycol (1:9) and

solutions of alkali hydroxides; insoluble in diethyl ether.

Caffeine: Freely soluble in chloroform, sparingly soluble in water, in acetic anhydride

and acetic acid, and slightly soluble in ethanol and in diethyl ether.
pH:

Paracetamol: A saturated aqueous solution has a pH of 6.
Caffeine:AsaturatedaqueoussolutionhasapHof5.5-6.5.

Pharmacology for Paracetamol

Pharmacodynamics

Paracetamol acts by inhibiting COX-1 and COX-2 enzymes and especially similar to
selective COX-2 inhibitors. Paracetamol inhibits prostaglandin synthesis by reducing
the active form of COX-1 and COX-2 enzymes. This occurs only when the

concentration of arachidonic acid and peroxides is low.

Pharmacokinetics

Afterbeingtakenbymouth, paracetamolisrapidlyabsorbed fromthe smallintestine, while
absorption from the stomach is negligible. Thus, the rate of absorptiondepends on
stomach emptying. Food slows the stomach emptying and absorption, but the total
amount absorbed stays the same. In the same subjects, the peak plasma
concentration of paracetamol was reached after 20 minutes when fasting versus 90
minutes when fed. High carbohydrate (but not high protein or high fat)food
decreases paracetamol peak plasma concentration by four times. Even in the fasting
state, the rate of absorption of paracetamol is variable and depends on the

formulation, with maximum plasma concentration being reached after 20 minutes to
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1.5 hours. Paracetamol's bioavailability is dose-dependent: it increases from 63% for
500mgdoseto89%for1000mgdose.ltsplasmaterminaleliminationhalf-lifeis

1.9-2.5 hours, and volume of distribution is roughly 50 L. Protein binding is
negligible, except under the conditionsof overdose, when itmay reach 15-21%. The
concentration in serum after a typical dose of paracetamol usually peaks below 30
pMg/mL(200umol/L).After4hours,theconcentrationisusuallylessthan10ug/mL (66
umol/L)."9

PharmacologyforCaffeine

Pharmacodynamics

Caffeine acts by blocking binding of adenosine to the adenosine A1 receptor, which
enhances release of the neurotransmitter acetylcholine. Caffeine has a three-
dimensional structure similar to that of adenosine, which allows it to bind and blockits
receptors. Caffeine also increases cyclic AMP levels through nonselective inhibition
of phosphodiesterase. In the absence of caffeine and when a person is awake and
alert, little adenosine is present in CNS neurons. With a continued wakeful state,
over time adenosine accumulates in the neuronal synapse, in turn binding to and
activating adenosine receptors found on certain CNS neurons; when activated, these
receptors produce a cellular response that ultimately increases drowsiness. When
caffeine is consumed, it antagonizes adenosine receptors; inother words, caffeine
prevents adenosine from activating the receptor by blockingthe location on the
receptor  where adenosine binds to it. As a result, caffeine

temporarilypreventsorrelievesdrowsiness,andthusmaintainsorrestoresalertness

Pharmacokinetics

Caffeine from coffee or other beverages is absorbed by the small intestine within 45
minutes of ingestion and distributed throughout all bodily tissues. Peak blood
concentration is reached within 1-2 hours. It is eliminated by first-order kinetics.
Caffeine's biological half-life is between 3 and 7 hours. The half-life is decreased by
30-50% in adult male smokers, approximately doubled in women taking oral
contraceptives, and prolonged in the last trimester of pregnancy. In newborns the
half-life can be 80 hours or more, dropping very rapidly with age, possibly to lessthan

the adult value by age 6 months.?0
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CHAPTER-3
REVIEWOFLITERATURE

Dinc E et al, ?' have performed a study on “The spectrophotometric
multicomponent analysis of a ternary mixture of ascorbic acid,
acetylsalicylic acid and paracetamol by the double divisor-ratio spectra
derivativeandratiospectra-zerocrossingmethods”. Thedoubledivisor—ratio
spectra derivative and ratio spectra—zero crossing methods were used to analyse
an effervescent tablet containing titte compounds without chemical separation.
Both methods yielded linear calibration graphs for three compounds, with both

methods providing the best results.

Erk N et al., 22 have done research on “Simultaneous determination of
paracetamol and methocarbamol in tablets by ratio spectra derivative
spectrophotometry and LC ". The study uses ratio spectra derivative
spectrophotometry and high-performance liquid chromatography (HPLC) to
determine paracetamol and methocarbamol in pharmaceutical tablets. The
spectrophotometric method detects PAR and MET with detection limits of 0.097

and 0.079 microg/ml, respectively, with reasonable repeatability.

Subramanian G et al., 2°have done research on “Simultaneous reverse phase
HPLC estimation of paracetamol and rofecoxib in tablets. Indian journal of
pharmaceuticalsciences”. A reversephaseHPLCmethod hasbeen developed for
estimating paracetamol and rofecoxib in tablets, using a Hypersil C18 column and

validated for linear, precise, accurate, and selective analysis.

Bhavsar AS et al., ?*have worked on “RP-HPLC Estimation of Paracetamol
and Valdecoxib in Combined Dosage Form”. A reverse phase liquid
chromatography method was developed for estimating paracetamol and
valdecoxib in tablet formulation, validated for linearity, accuracy, and precision,

with linearity in 25-150 pg/ml and 1-6 ug/ml ranges.
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Gandhimathi M et al., 5performed a study on “High Performance Thin Layer
Chromatographic Method for Simultaneous Estimation of Paracetamol and
Valdecoxib in Tablet Dosage Form”. A new high-performance thin layer
chromatographic method has been developed for estimating paracetamol and
valdecoxib simultaneously from a combined dosage form. The method uses a
pre-coated silica gel 60 GF 254 TLC plate and chloroform: isopropyl alcohol:

glacial acetic acid as mobile phases.

Khoshayand MR et al., ?have worked on “Simultaneous spectrophotometric
determinationofparacetamol,ibuprofenandcaffeineinpharmaceuticalsby

chemometric methods”. The study introduces UV spectrophotometry methods
for determining paracetamol, ibuprofen, and caffeine in pharmaceuticals,including
GA-PLS and PC-ANN, which are simple, rapid, and suitable for drug quality

control in pharmaceutical formulations and capsules.

Nikam AD et al., ’have done research on “Estimation of paracetamol and
aceclofenac in tablet formulation by ratio spectra derivative spectroscopy.
Indian journal of pharmaceutical sciences”. A new method for estimating
paracetamol and aceclofenac in combined tablet dosage form has been
developed using ratio derivative spectrophotometry. The method, based on the
amplitude of the first derivative of ratio spectra at 256 nm and 268 nm,

demonstrated good linearity, accuracy, and reproducibility.

Shirkhedkar AA et al., ®®have worked on “Simultaneous Determination of
Paracetamol and Piroxicam in Tablets by Thin Layer Chromatography
Combined with Densitometry”. A new densitometric method has been
developed and validated for determining Paracetamol and Etodolac in tablet
dosage form, using a linear calibration curve and meeting ICH guidelines for

pharmaceutical formulation analysis.

Pawar UD et al., have done research on “Simultaneous determination of
aceclofenac, paracetamol and chlorzoxazone by HPLC in tablet dose form”.
A reversed-phase liquid chromatographic method has been developed to

determine paracetamol, aceclofenac, and chlorzoxazone in their ternary mixtures
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in commercial pharmaceutical preparation. The method is validated and linear,

with recovery values ranging from 100.7-101.4%.

Chitlange SSet al., 3%performed a study on “Development of stability indicating
HPTLC method for simultaneous estimation of paracetamol and
dexibuprofen”. The study presents a HPTLC method for analyzing paracetamol
and dexibuprofen in bulk and pharmaceutical dosage form. The method uses
silica gel 60F 254 plate and n-hexane: ethyl acetate: glacial acetic acid, with
linearity in 10-50 pg/band range for paracetamol and 6-30 upg/band for

dexibuprofen.

Gondalia R et al., 3have worked on “Development and validation of
spectrophotometric methods for simultaneous estimation of ibuprofen and
paracetamol in soft gelatin capsule by simultaneous equation method”. A
spectrophotometric method has been developed for simultaneous estimation of
IbuprofenandParacetamolinsoftgelatincapsuledosageform. Themethoduses  two
wavelengths and follows Beer's law in concentration ranges of 4-14 yg/mL and 2-

12ug/mL, with statistical and recoverystudies validated results.

Patel DJ et al., *have done research on “Simultaneous determination of
paracetamol and lornoxicam in tablets by thin layer chromatography
combined with densitometry”. A new HPTLC method has been developed to
determine paracetamol and lornoxicam in tablets, using ethyl acetate, methanol,
toluene, and glacial acetic acid as mobile phases. The method was validated in

accordance with ICH guidelines.

Pati PP et al., 3have done research on “Simultaneous Estimation of
Aceclofenac and Paracetamol in Bulk and Combined Tablet Dosage Form
and From Biological Fluid by Planar Chromatography”. A high-performance
thin-layer chromatographic method has been developed for simultaneous
determination of Aceclofenac and Paracetamol in tablet dosage form and

biological fluids, with successful recovery and compliance with ICH guidelines.

Vichare V et al, 3have performed a study on “Simultaneous
spectrophotometric determination of paracetamol and caffeine in tablet

formulation”.TwoUVspectrophotometricmethodshavebeendevelopedfor
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estimating pharmaceutical dosages of Paracetamol and Caffeine. Method A uses
asimultaneousequationmethod,whileMethodBusesaQ-absorbanceequation. Both

methods show linearity in concentration ranges.

Anuradha SJ et al., 3°have worked on “Simultaneous determination of
paracetamol and lornoxicam by RP-HPLC in bulk and tablet formulation”.
The study developed a RP-HPLC method for determining paracetamol and
lornoxicam without separation, using a Kromasil C8 column and methanol:
phosphate buffer mobile phase. The method was rapid, precise, and accurate,

making it suitable for bulk and pharmaceutical formulation analysis.

Badgujar MA et al., 3%have performed a study on “Simultaneous determination
of paracetamol and mefenamic acid in tablet dosage form by high
performance liquid chromatography”. A reversed phase HPLC method was
developed to determine Paracetamol and Mefenamic acid in tablets using an
Inertsil ODS 3V C18 column and UV detection. The method showed acceptable

repeatability and intermediate precision.

Balan P et al.,, 3have performed a study on “Simultaneous Estimation of
Dexibuprofen and Paracetamol by UV Spectroscopic Method in Bulk and
Tablet Formulation”. The study introduces a simple, accurate, and cost-
effective method for estimating Dexibuprofen and Paracetamol in bulk and
dosage form, utilizing ultraviolet absorbance maxima and Beer's Lambert law,and

confirmed in commercial tablet preparations.

Induri M et al., ¥have worked on “Simultaneous quantification of paracetamol
and meloxicam in tablets by high performance liquid chromatography”. The
study developed a rapid, inexpensive RP-HPLC method for estimating
paracetamol and meloxicam in tablets. Validated for linearity, accuracy, precision,
robustness, and application, it was found to be accurate, precise, and robust,

making it suitable for routine quality control.

Gandhi SV et al., 3°have worked on “Simultaneous HPTLC determination of
nabumetone and paracetamol in combined tablet dosage form”. A new
HPTLC method has been developed and validated for determining nabumetone

andparacetamolintabletdosageform.TestedonMerckaluminiumplates,the
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method showed linearity, accuracy, precision, and robustness, making it suitable

for pharmaceutical formulation analysis.

Kondawar MS et al., “°have worked on “UV spectrophotometric estimation of
paracetamol and lornoxicam in bulk drug and tablet dosage form using
multiwavelength method”. A new UV/VIS spectrophotometric method has been
developed to determine Paracetamol and Lornoxicam in bulk and tablet
formulations. The method demonstrated linearity over concentration ranges and
repeatability in intraday and interday studies, with successful tablet analysis

results.

Murtaza G et al, *have worked on “Development of a UV-
spectrophotometric method for the simultaneous determination of aspirin
and paracetamol in tablets”. A UV Spectrophotometric method has been
developedforestimatingmeloxicam andparacetamoldosages.The method uses
equation, absorbance ratio, and correction methods, and follows Beer-Lambert's

law. The accuracy is near 100%, allowing for routine use.

Nikhade RD et al., *> have done research on “Simultaneous estimation of
paracetamol, thiocolchicoside and aceclofenac by UV spectrophotometer
using multicomponent mode method”. A multicomponent mode analysis
method has been developed to determine Paracetamol, Thiocolchicoside, and
Aceclofenac in tablet formulations using wavelengths of 249nm, 258nm, and
276nm,with linearitybetween 5-25ug/mL for PAR,1-5 pg/mL forTHC, and 1-5
ug/mL for ACE.

Rao JR et al., 3 have done research on “Development and validation of HPLC
method for simultaneous quantitation of Paracetamol and Dexketoprofen
Trometamol in bulk drug and formulation”. A RP-HPLC method was
developed and validated for determining paracetamol and dexketoprofen
trometamol in bulk drug and tablet dosage form. The method used Thermo
Hypersil ODS-C18 stationary phase and methanol: ammonium acetate buffer

mobile phase.

Rao JRet al.,**have prepared a study on “Simultaneous HPTLC

DeterminationofParacetamolandDexketoprofentrometamolin
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pharmaceutical dosage form”. A fast, precise, accurate, and robust HPTLC
method was developed for simultaneous determination of paracetamol and
dexketoprofen trometamol in tablet dosage form. The method used Silica gel G60
F 254 plates as a stationary phase and toluene: ethyl acetate: acetic acid as a

mobile phase.

Sinha S et al, % have done research on “Validated simultaneous
multicomponent spectrophotometric determination of paracetamol,
aceclofenac and tizanidine in tablets”. A spectrophotometric method has been
developed to estimate paracetamol, aceclofenac, and tizanidine from tablet
dosage form using methanol as a solvent. The method measures absorbances at
three wavelengths, offering rapid, specific,precise, and accurate analysis forbulk

and combined dosage forms.

Chandra P et al., “®have performed a study on “Application of HPLC for the
simultaneous determination of aceclofenac, paracetamol and tramadol
hydrochloride in pharmaceutical dosage form”. A reversed-phase liquid
chromatographic method has been developed for estimating pharmaceutical
dosages of aceclofenac, paracetamol, and tramadol hydrochloride using a HiQ-
Sil™ HS C18 column and methanol mobile phase, demonstrating linearity,

precision, robustness, and accuracy.

Hajian R et al., “’have worked on “The spectrophotometric multicomponent
analysis of a ternary mixture of ibuprofen, caffeine and paracetamol by the
combination of double divisor-ratio spectra derivative and H-point standard
addition method”.A new spectrophotometric method has been developed for
analyzing a ternary mixture containing paracetamol, ibuprofen, and caffeine
without prior separation. The H-point standard addition method and doubledivisor
ratio spectra derivative method were successfully applied to Novafen capsule

analysis.

Joshi R et al., “8have performed a study on “Simultaneous estimation of
paracetamol,chlorzoxazoneandibuprofenbyvalidatedspectrophotometric
methods”. Shimadzu UV 1700 was used for drug quantitation, measuring

absorbanceat287.2nmand295.2nmforparacetamol,chlorzoxazone,and
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ibuprofen respectively. Beer's law limits were found, and validation studies

showed statistical significance.

Kumar Talluri MV et al., “°have prepared a study on “Development and
validation of RP-HPLC and ultraviolet spectrophotometric methods of
analysis for simultaneous determination of paracetamol and lornoxicam in
pharmaceutical dosage forms”.A high-performance liquid chromatographicand
UV spectrophotometric method was developed to determine paracetamoland
lornoxicam in pharmaceutical formulations, demonstrating good linearity,
accuracy, and precision, with UV spectroscopy being an inexpensive, reliable,

and less time-consuming alternative.

Manoj Kumar Jet al., ®®have worked on “Validated UV-spectrophotometric and
RP-HPLC method for the simultaneous estimation of paracetamol and
chlorzoxazone in tablet dosage form”. Two methods are described for
determining Paracetamol and Chlorzoxazone in binary mixtures: UV-
spectrophotometric determination using methanol absorbance and HPLC
separation, both validated according to ICH guidelines, and linearity obtained in
concentration ranges of 100-500 pg.mL-1 for Paracetamol and 50-250 for

Chlorzoxazone.

More SJ et al., 5'have worked on “Application of HPLC for the simultaneous
determination of paracetamol, chlorzoxazone, and nimesulide in
pharmaceutical dosage form”. A reversed-phase liquid chromatographic
method has been developed to determine pharmaceutical dosages of
paracetamol, chlorzoxazone, and nimesulide. The method, validated for linearity,
precision, robustness, limit of detection, limit of quantitation, specificity, and

accuracy, is suitable for routine quality control analysis.

Kulkarni VG et al., 5°have done research on “High Performance Thin Layer
Chromatographic Analysis of Paracetamol and Etodolac in CombinedTablet
Dosage Form”. The study uses HPTLC-densitometry and D1 spectrophotometry
to determine etodolac and paracetamol in binary mixtures, addressing toxicity
issues and validating analytical methods for bulk powder and pharmaceutical

formulations.
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KumarTalluriMV etal., % have worked on “DevelopmentandvalidationofRP-
HPLC and ultraviolet spectrophotometric methods of analysis for
simultaneous determination of paracetamol and lornoxicam in
pharmaceutical dosage forms”. A high-performance liquid chromatographicand
UV spectrophotometric method was developed to determine paracetamoland
lornoxicam in pharmaceutical formulations, demonstrating good linearity,
accuracy, and precision, with UV spectroscopy being an inexpensive, reliable,

and less time-consuming alternative.

Singh KB et al., *have done research on “A validated RP-HPLC method for
the simultaneous estimation of paracetamol and naproxen in tablet
formulation”. The study presents a validated reverse-phase HPLC method for
estimating paracetamol and naproxen in bulk and tablet formulations. The
method, using an Eclipse XDB C18 column and water: acetonitrile mobile phase,
achieved a mean recovery of 99.72% and 100.88%, making it useful for quality

control.

Sivasubramanian L et al., *>have performed a study on “HPTLC for the
Simultaneous Determination of Paracetamol and Lornoxicam in
Pharmaceutical Dosage Form”. The study presents a method for determining
Paracetamol and Lornoxicam in a binary mixture using HPTLC separation and
densitometric measurements, successfully applied to pharmaceuticalformulations

and validated for precision, robustness, recovery, and detection limits.

Tsvetkova B et al., *® have worked on “Validated LC method for simultaneous
analysis of paracetamol and caffeine in model tablet formulation”. Thepaper
presents a high-performance liquid chromatographic analytical procedure for
determining paracetamol and caffeine in tablet formulations. Validated for
specificity, linearity, precision, accuracy, LOD, LOQ, and robustness, it was

successfully applied for identification, purity, and assay tests.

Khan IU et al., ’have performed a study on “Simultaneous determination of
piroxicam and paracetamol in pharmaceutical formulations using stability

indicating HPLC method”. The studypresents aliquidchromatographicmethod
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for detecting piroxicam and paracetamol in bulk medications and pharmaceutical
formulations. The method achieved separations in 6 minutes and was validated
using ICH recommendations, indicating complete separation from stress-induced
degradation products.

Aktas AH et al., % have done research on “Spectrophotometric simultaneous
determination of caffeine and paracetamol in commercial pharmaceuticalby
principal component regression, partial least squares and artificial neural
networks chemometric methods”. The study utilized three multivariate
calibration-prediction techniques for spectrometric multicomponent analysis of a
drug containing paracetamol and caffeine, demonstrating their potential forroutine

drug analysis and quality control.

Haritha P et al., %°performed a study on “Method Development and Validation
for Simultaneous Determination of Paracetamol and Ketoprofen BY RP-
HPLC Technique”. The study presents a precise RP-HPLC technique for
determining pharmaceutical dosages of Paracetamol and Ketoprofen, validated
for specificity, linearity, range, precision, accuracy, and robustness. The method
has a 97%-104% recovery rate, with all validation parameters within the

acceptance range.

Karbhari PA et al., ®have performed a study on “RP-LC gradient elution
method for simultaneous determination of related substances of
Zaltoprofen and Paracetamol and application for drug excipient
compatibility study”. A gradient mode reverse phase liquid chromatography
method has been developed for quantitative determination of impurities, related
substances, and degradation products of Zaltoprofen and Paracetamol, with

validation for selectivity, linearity, accuracy, precision, and robustness.

Karunakaran K et al., ®'have done research on “A validated stability-
indicatingRP-HPLCmethodforparacetamolandlornoxicam:Applicationto
pharmaceutical dosage forms”. A new method for determining
paracetamolandlornoxicam
simultaneouslyusingreversedphaseHPLChasbeendeveloped, achieving linear
response in concentration ranges of 125-375 pg/mL and 2-6 pg/mL, with a

correlation coefficient of over0.999, and a stable accuracy.
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Khatal LD et al., ®?have done research on “Validated HPLC method for
simultaneous quantitation of paracetamol, diclofenac potassium and
famotidine in bulk drug and formulation”. A new HPTLC method has been
developed and validated for analyzing paracetamol, diclofenac potassium, and
famotidine in tablet formulations. The system uses aluminium plates, silica gel 60

F 254, and a mobile phase of toluene-acetone-methanol-formic acid.

ShahDAetal.,%*haveperformeda studyon “Developmentandvalidation ofa liquid
chromatographic method for estimation of dicyclomine hydrochloride,
mefenamic acid and paracetamol in tablets”. A liquid chromatographic method
was developed to quantitatively determine dicyclomine hydrochloride, mefenamic
acid, and paracetamol in their combined dosage form. The method demonstrated
linearity in concentration ranges and was successfully used for quantitative

analysis of commercially available dosage forms.

Sharma A et al., % have performed a study on “Development of Simultaneous
Estimation Method for Paracetamol and Chlorzoxazone in Marketed
Formulation by Validated UV-Spectrophotometric and RP-HPLC Method”. A
UV spectrophotometric and reverse phase HPLC method have been developed
forsimultaneousestimation of paracetamoland chlorxazonefrompharmaceutical
formulations. The primary method uses the simultaneous equation method, while
the secondary method uses reverse phase HPLC separation. Both methods are

validated according to ICH guidelines.

Abdel Aleem EA et al., %°have done research on “HPTLC and RP-HPLC
methods for simultaneous determination of Paracetamol and Pamabrom in
presence of their potential impurities”. Two chromatographic methods were
developed to determine potential impurities in Paracetamol and Pamabrom,
including P-aminophenol and Theophylline. HPTLC and RP-HPLC were
successfully applied for determining impurities in pharmaceutical formulations,
with no significant difference in results, indicating potential for routine quality

control analysis.

Mahajan KSet al., %®have worked on “Development of HPTLC method for

simultaneousestimationofparacetamolandflupirtinemaleateintheir
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combined tablet dosage form”. A high-performance thin layer chromatographic
method has been developed to estimate paracetamol and flupirtine maleate in
tablet dosage form. Validated for linearity, specificity, accuracy, precision, limit of

detection, and limit of quantitation, the method showed a linear relationship.

Patel Twinkle K et al.,” have done research on “Development and validation of
high-performance thin layer chromatography for estimation ofmefenamic
acid, paracetamol and dicyclomine HCI in tablet dosage form”.A high-
performance thin layer chromatographic method was used to analyze mefenamic
acid, paracetamol, and dicyclomine HCI in tablet dosage form. The method tested
for UV absorbance at 254 nm, but Dicyclomine HCI was not detected. The linear

response was observed in the 100-700 ng/spot range.

Babu GR et al, %have performed a study on “Bioanalytical Method
Development and Validation for Simultaneous Estimation of Paracetamol
and Cefixime by using RP-HPLC in Rabbit Plasma". A new bioanalytical RP-
HPLC method was developed to estimate Paracetamol and Cefixime in rabbit
plasma using Cefaclor as an internal standard, with a retention time of 3.618min

for Cefaclor, 4.608min for Paracetamol, and 5.914min for Cefixime.

Glavanovic S et al., %have worked on “Simultaneous quantitative
determination of paracetamol and tramadol in tablet formulation using UV
spectrophotometry and chemometric methods”. UV spectrophotometric
methods were used to quantitatively determine paracetamol and tramadol in
paracetamol-tramadol tablets. The results were compared with the validated
UHPLC method, and good agreement was found between the two, with GA-PLS

results being more reliable for tramadol.

Mali A et al., "°have worked on “Simultaneous Determination of Paracetamol
and Domperidone inPharmaceutical Dosage Form by FirstOrder Derivative
UV Spectrophotometry”. The study employs a first-order derivative
spectrophotometric method to determine tablet dosages of Paracetamol and
Domperidone, revealing a linear relationship between the two substances at 262

nm and 297 nm, respectively.
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Sharma H et al., ""have performed a study on “Validated RP-HPLC method for
simultaneous estimation of paracetamol, pamabrom and dicyclomine,
hydrochloride in bulk and pharmaceutical dosage form”. A rapid Reverse
Phase High-Performance Liquid Chromatography (RP-HPLC) and UV-
spectrophotometry method was developed for determining Paracetamol,
Pamabrom, and Dicyclomine hydrochloride. The method achieved
chromatographic separation within minutes and was accurate, 98-102%, makingit

suitable for pharmaceutical formulation analysis.

Surekha K et al., ?have done research on “Simultaneous Estimation and
Quantification of three main ingredients, Aceclofenac, Thiocolchicoside &
Paracetamol in Finished Dosage Form by using Reversed Phase High
Performance Liquid Chromatography”. A high-pressure liquidchromatographic
method has been developed for estimating Paracetamol, Aceclofenac, and
Thiocolchicoside from pharmaceutical formulations. Validated for precision,

robustness, and recovery, it is repeatable and selective.

ElkhoudaryMM  etal.,”>*havedoneresearchon  “Resolutionandquantification
challenge of modern chemometric models in the determination of anti-
migraine tablets containing ergotamine, caffeine, acetaminophen, and
metoclopramide”. The study compares five multivariate models for determining
uniqgue mixtures of ergotamine, metoclopramide, caffeine, and paracetamol in
pharmaceutical formulations. Linear learning machine methods outperform
SRACLS, MCR-ALS, and PLS.

Escobar SC et al., "*have performed a study on “Optimization and Validation of
a Simple and Fast RPHPLC Method for Simultaneous Determination of
Acetaminophen and Caffeine in Tablets”. The study developed a high-
performance liquid chromatographic method for determining acetaminophen and
caffeine in tablets without an internal standard. The method demonstrated
linearity, precision, and accuracy, with recovery percentages of 99.53% and

99.12%, and demonstrated reproducibility through an interlaboratory assay.

Navneet Kumar U et al., "have worked on “Development and Validation of a

NewChromatographicMethodfortheSimultaneousEstimationof
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Serratiopeptidase, Aceclofenac and Paracetamol by RP-HPLC”. The study
developed and validated a new chromatographic method for simultaneous
estimation of Serratiopeptidase, Aceclofenac, and Paracetamol using RP-HPLC.
The method was validated for system suitability, linearity, accuracy, precision,

specificity, LOD, LOQ, and robustness.

Zivkovic A et al., ® have worked on “Quantitative analysis of multicomponent
mixtures of over-the-counter pain Kkiller drugs by Ilow-field NMR
spectroscopy”. A student lab successfully analyzed pain relief drugs using a
compact 1TH NMR spectrometer, revealing its potential in life sciences by

analyzing over 50 self-made sample mixtures and marketed tablet formulations.

Shanker K et al., ""have done research on “Simultaneous determination of
Etodolac and paracetamol in bulk drugsand pharmaceutical formulation by
HPTLC-densitometric and UV-derivative spectrophotometry methods”. The
study uses HPTLC-densitometry and D1 spectrophotometry to determine
etodolac and paracetamol in binary mixtures, addressing the issue of etodolac's
pain reduction and paracetamol's limited solubility due to nephrotoxic metabolite

P-aminophenol.

AktasAHetal.,’®havedoneresearchon“SpectrophotometricDetermination of
Paracetamol, Propyphenazone and Caffeine in Tablets by Multivariate
Calibration Approach”. The study uses UV spectrophotometry to determine
Paracetamol, Propyphenazone, and Caffeine in drug samples. It uses principal
component regression and partial least squares regression for chemometric
analysis, and tests synthetic solutions for prediction ability, suggesting their use

for standard investigation and quality control.

Elbagary Rl et al., "°have done a study on “Development and Validation ofRP-
HPLC and TLC Methods for Simultaneous Estimation of Paracetamol,
Thiocolchicoside and Aceclofenac in Bulk and Combined Pharmaceutical
Dosage Form”. Two methods have been developed to determine ternary
mixtures containing paracetamol, thiocolchicoside, and aceclofenac in bulk
powder and combined dosage form without prior separation. The first uses RP-

HPL Cforisocraticelution,whilethesecondusesTLCseparationand
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densitometric measurements. Both methods were successfully applied for

pharmaceutical preparation analysis.

Uddin MN et al, %have done research on “Chemometrics assisted
spectrophotometric method for simultaneous determination of paracetamol
and caffeine in pharmaceutical formulations”. The study compares PLSR and
ANN techniques for assaying paracetamol and caffeine in pharmaceutical
formulations using spectrophotometric data. Both methods were successful, with
ANN showing better prediction efficiency. The drugs contained 75-86%

paracetamol and 77-92% caffeine.

El-Yazbi AF et al., 8 have worked on “Validated specific HPLC-DAD method
for simultaneous estimation of paracetamol and chlorzoxazone in the
presence of five of their degradation products and toxic impurities”. The
study presents a reliable HPLC method using diode array detection (DAD) for
estimating paracetamol and chlorzoxazone in the presence of degradation
products and toxic impurities. The method was validated for linearity, range,
precision,accuracy,specificity, robustness, detection,andquantitation limits,and

was successfully applied for capsule dosage analysis.

Vu Dang H et al, % have done research on “RP-HPLC and UV
spectrophotometric analysis of paracetamol, ibuprofen, and caffeine in
solid pharmaceutical dosage forms by derivative, fourier, and wavelet
transforms: a comparison study”. The study utilized signal-transforming
algorithms for UV spectrophotometric analysis of paracetamol, ibuprofen, and
caffeine in ternary mixtures. The spectrophotometric methods showed linearity
and accuracy in assay and dissolution tests. An isocratic RP-HPLC analysis was
developed and validated, suggesting possible interchange between UV

spectrophotometric and HPLC methods for routine drug analysis.

AlnuwaiserMAet al., 83havedone researchon “UtilisationofbothUVandGC- MS
spectroscopy to track the estimation of caffeine and acetaminophen ina
number of paracetamol analgesic drugs”. A study using UVVis and GCMS

spectrometersfoundacetaminophenandcaffeinedisappearingfromacaffeine
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standard sample and both in a gaseous state, possibly due to strong

intermolecular interaction in the liquid state.

Ibrahim H et al., 8have done research on “Simultaneous determination of
paracetamol, propyphenazone and caffeine in presence of paracetamol
impurities using dual-mode gradient HPLC and TLC densitometry
methods”.Two chromatographic methods were developed to determine the
analgesicandantipyreticdrugcombinationofparacetamol,propyphenazone,and

caffeine in the presence of PC impurities. The dual-mode gradient high-
performance liquid chromatography method and thin-layer chromatography

densitometry method were validated and proven accurate.

Kokilambigai KS et al., 8have done research on “Utilization of greenanalytical
chemistry principles for the simultaneous estimation of paracetamol,
aceclofenac and thiocolchicoside by UV spectrophotometry”. The paper
presents a green UV spectrophotometric method for determining paracetamol,
aceclofenac, and thiocolchicoside using green analytical chemistry principles,
evaluating its greenness profile using metrics like National Environmental

Methods Index and Analytical Eco-scale.

Abdel Rahman MA et al, %have worked on “Validated HPLC-PDA
methodology utilised for simultaneous determination of Etoricoxib and
Paracetamol in the presence of Paracetamol toxic impurities”. A selective
HPLCmethod wasused to separate Etoricoxib, Paracetamol,andtoxicimpurities
from PCM, a commonly used analgesic and antipyretic medication in COVID-19

supportive treatment, suitable for routine analysis in quality control laboratories.

Arage A et al., 8have performed a study on “High performance thin layer
chromatography (HPTLC) method development and validation for the
simultaneousdeterminationofparacetamol,caffeine,chlorpheniramineand

phenylepherine in tablet formulation”. A thin layer chromatographic method
was developed and validated for analyzing paracetamol, caffeine, phenylephrine,
and chlorpheniramine in tablets. The method was validated for precision,

accuracy, and recovery, and successfully applied to two marketed tablets.
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Chandratrey A et al.%have prepared a study “Simultaneous
spectrophotometric estimation and validation of three component tablet
formulation containing paracetamol, nimesulide and tizanidine”. The study
evaluated the predictive power of various chemometric methods on UV spectra
and first-to-fourth order derivative spectra in pharmaceutical formulations
containing paracetamol, propyphenazone, and caffeine, using principal
component regression and partial least squares, and analyzing multicomponent

mixtures.

Saminathan Jet al., 8 have prepared a study on “Validated HPTLC Method for
Simultaneous  Quantitation of  Aceclofenac, Paracetamol and
Thiocolchicoside in Bulk drug and Pharmaceutical Formulation”. A high-
performance thin layer chromatographic method was developed for simultaneous
quantificationofaceclofenac,paracetamol,andthiocolchicosideinbulkandtablet

dosage form, validated for linearity, accuracy, precision, robustness, and

specificity.
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CHAPTER-4
AIMANDOBJECTIVEOFTHEWORK

From the literature survey conducted, it was found that there are analytical methods
reported for Paracetamol and Caffeine anhydrous either individually or incombination
with other drugs by Spectrophotometry, HPLC, Electrochemical and Thin
layerchromatographic methods. Sinceboth the drugs are poorly soluble, use of
hydrotropic concept to improve solubility of drugs and also applied for the estimation
of Paracetamol and Caffeine in combined pharmaceutical dosage forms. So, the
present work is aimed at development of the spectrophotometric method for the
simultaneous estimation of Paracetamol and Caffeine in tablets using Simultaneous

Equation Method. The above objective was accomplished by the following

+» Establishmentofparameters
+» AssayProcedure
+ Validationofthemethod

e Accuracy

¢ Precision-Repeatability
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CHAPTER-5
EXPERIMENTALWORK

In this study, Combination tablets containing Paracetamol and Caffeine were
subjected to the following methods of analysis for quantitative estimation using

reference standards (Paracetamol and Caffeine anhydrous).

MATERIALS
Instrumentation
UV-VisibleSpectrophotometer—Shimadzu,UV-1900iseries,matchedwith quartz cells

corresponding to 1 cm path length

Solvent Used:
Diluent(MixedSolutionof2MSodiumAcetate:8MUrea)(50;50%W/V)

Preparationof2MSodiumAcetate:272gofsodiumacetatedissolveinsufficient volume of

water to make a final volume of 1000 ml.

Preparationof 8MUrea:480gofureadissolveinsufficientvolumeofwatertomake a final

volume of 1000 ml.

Reference Standards:

Paracetamol
Supplier:LOBACHEMIEPrivateLimited,Mumbai Caffeine
anhydrous

Supplier:SiscoResearchlLaboratoriesPrivateLimited, Mumbai

Tabletbrandsused
CROCIN(650mgofParacetamoland50mgofCaffeine) Batch. No:
EP23044Manufacturing. Date: OCTOBER 2023, Expiry. Date: SEPTEMBER 2025,

Manufacturer: Encore Healthcare Private Limited, Aurangabad.

45



ESTABLISHMENTOFPARAMETERS

Indevelopingaquantitativemethodfordetermininganunknownconcentrationof
analytebyabsorptionspectrophotometry,certain parametershavetobe established.
Themostimportantare

i. Absorptionmaximum(Amax)

il. Beer’'slawconcentrationrange.

Preparationofstandardstocksolution

The standard stock solutions of both Paracetamol and Caffeine were prepared
separately by dissolving 100mg of Paracetamol and 100mg of Caffeine in 100ml
standard flasks separately using diluent as the solvent to give a concentration of
1000 pg/ml respectively. These solutions were then used for establishing the

following parameters.

AbsorptionMaximum(Xmax)

The stock solutions were suitably diluted with diluent so as to contain 10 pg/ml of
Paracetamol and 10 ug/ml of Caffeine respectively. These solutions were then
scanned in the UV region between 400 — 200 nm and found that Paracetamol
exhibited (Amax) at 245 nm and Caffeine exhibited (Amax) at 273.5 nm.

BeerslawconcentrationRange

The stock solutions were suitably diluted with diluent to get concentrations ranging
from 2— 16 ug/ml for Paracetamol and 1-10 pg/ml for Caffeine respectively. These
solutions were measured at their respective absorption maxima (Amax) points. The
calibration curve was determined for each of the drug independently by plotting the
absorbance values against concentrations. From the graphs, it was found that
ParacetamolobeysBeer’slawbetween2—-16ug/mlandCaffeinebetween1-10

ug/ml. The regression analysis was carried out for the calibration graphs to find out
correlation coefficient, y-intercept and slope of the regression line which estimates

the degree of linearity.
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FIGURES.1
UVSPECTRUMFORPARACETAMOL
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FIGURES.2
UVSPECTRUMFORCAFFEINEANHYDROUS
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TABLES.1

LINEARITYDATAFORPARACETAMOL

Concentration(ug/ml) Absorbance
2 0.3646
4 0.5321
6 0.708
8 0.889
10 1.0569
12 1.2203
14 1.3769
16 1.5636

FIGURES.3

LINEARITYDATAFORPARACETAMOL
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TABLES.2
ANALYTICALPERFORMANCEPARAMETERSOFPARACETAMOL

Parameters Paracetamol
LinearDynamic Range 2-16(pg/ml)
Correlationcoefficient(r) 0.99984
Slope(m) 0.085249
Intercept (c) 0.196686
Standarddeviationofslope(Sb) 0.000621
Standarddeviationofintercept(Sa) 0.006276
Standarderrorofestimation(Se) 0.008054
F distribution 18822.19
Degreesoffreedom 6
Residualsumofsquares 0.000389
Regressionsumofsquares 1.220916
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TABLES.3

LINEARITYDATAFORCAFFEINEANHYDROUS

Concentration(ug/ml)
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LINEARITYDATAFORCAFFEINEANHYDROUS
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TABLES5.4

ANALYTICALPERFORMANCEPARAMETERSOFCAFFEINE

Parameters Caffeine
LinearDynamic Range 1-10ug/ml
Correlationcoefficient(r) 0.999373
Slope(m) 0.052947
Intercept (c) 0.134753
Standarddeviationofslope(Sb) 0.000469
Standarddeviationofintercept(Sa) 0.00291
Standarderrorofestimation(Se) 0.00426
F distribution 12745.19
Degreesoffreedom 8
Residualsumofsquares 0.000145
Regressionsumofsquares 0.231276
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FIGURE 5.5
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SIMULTANEOUSEQUATIONMETHOD
Procedure
Preparationofstandard solution

The stock solutions of Paracetamol and Caffeine were suitably diluted with diluent to
give dilutions in the range of 2 — 16 pg/ml of Paracetamol and 1 — 10 pg/ml of
Caffeine respectively. These dilutions were scanned on a spectrophotometer in the
wavelength range of 400 — 200 nm and the two wavelengths selected for measuring
down the absorbances are 245 and

273.5 nm. Absorptivityvaluesof both the drugs were calculated from themean of six

independent determinations by the following formula.

A
Absorptivity (a) =
bc
Where A - absorbance
b - Pathlength
c - Concentrationingms/ 100ml

Assayoftabletformulation

Twenty tablets were weighed and finely powdered. An accurately weighed quantityof
powder equivalent to about 50 mg of Paracetamol was transferred to a 50 ml
standardflask.Thecontentsoftheflaskwere mixedwithdiluentandshakensoasto dissolve
the active ingredients and then made up to the volume with the same solvent. The
solution was filtered and the filtrate was further diluted with diluent to give a final drug
concentration of 10 ug/ml of Paracetamol. Absorbance values of sample solution
were recorded at 245 nm and 273.5 nm as A1 and A2 respectively and concentration

of the two drugs in sample were determined using the following equations.
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Azay1— Atay2

ConcentrationofX(Cx)

axzay1—axi ay2

A1axa—A2ax1

ConcentrationofY(Cy)

axzay1—axiay?z

Theamountofdrugpresentinthetabletformulationwascalculatedas follows:

Amountofdrugpresent= ConcentrationxAverageweight

Sampledilutions

RecoveryStudies

To study the accuracy of the established method, recovery tests were accomplished
using standard addition method at 10, 20 and 30% levels and the percentage

recovery from the spiked solution was determined.
Precision

Precisionconfirmedbyrepeatabilitystudy. Repeatabilitystudywasdoneoverashort
interval of time and under the same operating conditions. Repeatability was
performedforsixtimeswith  tabletsformulation.Thestandarddeviation,  coefficientof

variance was calculated. The results of statistical evaluation are given in Table
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CHAPTER-6
RESULTSANDDISCUSSION

The UV spectra of Paracetamol and Caffeine are presented in Fig.1 and 2
respectively. Theabsorptionmaxima(imax)wereobservedat245 nmand277nmfor

Paracetamol and Caffeine.

Obeyance to Beer's law was confirmed by the linearity of the calibration curve of
Paracetamol and Caffeine which are represented in Fig.3 and 4. Paracetamol
showed linearity in the concentration range of 2-16 ug/ml and Caffeine showed
linearity in the concentration range of 1-10 ug/ml. The data regarding calibration
curves are given in Tables 3 and 5. The overlain spectra for the linearity of
Paracetamol and Caffeine are represented in Fig.5. Absorptivity values for

Paracetamol and Caffeine were calculated and are presented in Table 7.

The quantitative estimation was carried out on tablet formulations by taking a
concentration of 10ug/ml of Paracetamol. The data regarding the quantitative
estimation is given in Table 8. The overlain spectra of standard Paracetamol and
Caffeine are represented in Fig.7 and 8. The spectrum of sample formulation is
represented in Fig.9. Both the brands of tablet formulations show percentage purity
values ranging from 98.50 — 99.51% w/w for Paracetamol and 100.05 — 100.94%w/w

for Caffeine.

The validation of the proposed simultaneous equation method was further confirmed
by recovery studies. The recovery data is given in Table 10. The percentagerecovery
values vary from 99.26 to 100.12% w/w for Paracetamol and 99.38 to 100.11% w/w
for Caffeine. This serves as a good index of accuracy and reproducing of the study.
The relative standard deviation values are below 2% indicating the precision of the
methodology.
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TABLEG6.1
ABSORPTIVITYVALUESFORPARACETAMOLANDCAFFEINE

Concentration(ug/ml) Absorptivityat245nm Absorptivityat273.5 nm
Paracetamol | Caffeine | Paracetamol | Caffeine | Paracetamol Caffeine
anhydrous anhydrous anhydrous
13 1 710 173 126 412
TABLE 6.2
QUANTITATIVEESTIMATION
*Amount
Tablet Labelclaim present | *Percentagelabel
Sample (mg/ tablet) (mg/ claim (% w/w)
tablet)
Paracetamol 650 649.01 99.51
Caffeine 50 50.47 100.94

*Eachvalueisameanofsixreadings.
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TABLE 6.3
RECOVERYSTUDIES

Amount Percentage Percentage
. Spiked | Spiked | Spiked
Tablet present in the level of Recovery
sample | sample | sample
Sample pre analysed standard 1 ) 3 (Yow/w)
sample(ug/ml) added
10 0.2550 | 0.2622 | 0.2516 99.6
Caffeine 1.09 20 0.3395 | 0.3402 | 0.3429 100.26
30 0.4050 | 0.4046 | 0.4108 99.43
10 0.4115 | 0.4182 | 0.4084 99.80
Paracetamol 10.21 20 0.5064 | 0.5101 | 0.5133 99.62
30 0.5889 | 0.5852 | 0.5935 99.38
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TABLE 6.4
PRECISIONSTUDIES

SampleNo | Paracetamol Caffeineanhydrous
1 0.3526 0.8994
2 0.3587 0.9058
3 0.3591 0.9058
4 0.3596 0.9062
5 0.3583 0.9047
6 0.3574 0.9042
%RSD 0.718 0.281
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FIGURES6.1
UVSPECTRUMFORBLANK

Spectrum Peak Pick

Prinl Oae @ D3DG2024  0F34.00 PM

File Mame:  06.03.2024 PC sample bank - RawData_caloulated
06.03.2024 PC sample blank - RawData_calculated

0.12 : |
T} 2 ) (" I
| |
0.00k i ,{‘m-_ — o 1 _j P x|
' . f",l
ﬂ‘ [
|
< I
010F | -
il
o200 y
- i
0.26 ' '
200.00 250.00 300.00 350.00 400.00
nm
Dala Informakion: Software Informiation
Datals: Transformed Data Sofware Mama: LabSolutians LY-vis
Dala Sai Name: FawDala_calcuiated Version: 140
Sampia Mame Faracetamsd and Caffaine
Sampia IO PC instrument infarmation
Ciption: Instrumsnt Mame: L
snahest Kannan Insiramand Typa: L-1800
DataTime: D3/06/2024 025301 PM Moded {3 LnA18001 (A 12330700067 )
Comments:
Parameler File Mame: COUVVis-DataParamelzr ECAN vaom
Repart File Hama,
[Peak Pick Table]
Thresnokd: 0.601
Murriher of Poinis: 4
No. | PV | Wavelength nm. Abs. Descriptlon
i) 30E 0,004
2 ’ 3480 0002
El 3240 0,00
4 i 2870 0,014
HE ] 211 0001

60



FIGURES6.2
UVSPECTRUMFORSAMPLE
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CHAPTER-7
SUMMARYANDCONCLUSION

Analytical methods play a vital role in new drug development, preformulation
and formulation studies, stability studies, quality control testing and quality
assurance programmes. So, analysts are always in search of developingrapid
and accurate new methods of analysis that are able to exist in routine
analytical work. The present analytical work comprises of simple, precise,
rapid, sensitive and accurate methods for the simultaneous estimation of

Paracetamol and Caffeine in combined dosage form.

The simultaneous equation method is based on the fact that the absorbanceof
the mixture is the sum of the individual absorbance of the two components.
Paracetamol and Caffeine show Amaxat 245 nm and 273.5 nm respectively in
mixed Hydrotropy solution which acts as diluent. Beer's law concentration
rangeforParacetamolandCaffeinearefoundtobe2—16ug/mland1-10

ng/ml. The method involves solving the simultaneous equations based on the

measurement of absorbances at two wavelengths 245 nm and 273.5nm.

The percentage purity for the selected formulation was found to be 99.51%
w/w for Paracetamol and 100.94% w/w for Caffeine respectively. The
guantitative results obtained are subjected to the statistical validation. The
values of RSD are less than 2% indicating the accuracy and precision of the
method. The percentage recoveries vary from 99.37 — 100.20% w/w for
Paracetamol and 99.51 — 100.59% w/w for Caffeine.

The results obtained shows developed method of analysis are simple,specific,
accurate and precise and can be employed in the routine analytical work,
since the RSD values are less than 2%. But for economical reasons,

spectrophotometric methods can be employed for regular quantitative works.
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