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ABSTRACT

A simple, sensitive, rapid, accurate and precise absorption ratio method has been
developed for concurrent estimation of Loteprednol and Levofloxacin in combined
dosage form. Ratio of absorbance at two selected wavelengths was calculated. First
wavelength is absorption maxima of respective drug and second wavelength is
isoabsorptive point at which both drugs give same absorbance. Levofloxacin shows
absorbance maxima at 298.5 nm and Loteprednol shows absorbance maxima at 237.5 nm
in methanol. The isoabsorptive point of Levofloxacin and Loteprednol was found to be at
269.29 nm. Linearity was constructed in the concentration range of 5-25 pg/ml.
Promising values of correlation coefficient for Loteprednol (R?=0.9984) and Levofloxacin
(R?=0.9990) proves that method is linear. Furthermore, the method was successfully
validated in terms of various validation parameters as suggested by ICH guidelines. The
developed method was successfully applied for estimation of both Loteprednol and
Levofloxacin from its synthetic mixture.

A simple, specific and accurate high performance liquid chromatography (HPLC) method
was also developed and validated for simultaneous quantification of Levofloxacin and
Loteprednol etabonate in their combined dosage form. Chromatography was performed
using Cg column (Zorbax) 250 mm x4.6 mm i.d., 5Sum with Acetonitrile : ammonium
acetate buffer (20 mM) added 0.5 mL TEA/500 ML adjusted to pH-3.1 by Glacial acetic
acid, as mobile phase. Wavelength used was 269 nm. The gradient system was applied to
separate both the drugs. Linearity was constructed in concentration range of 75 to 375
ug/ml for Levofloxacin and 25 to 125 pg/ml for Loteprednol etabonate. Promising values
of correlation coefficient for Loteprednol (R?=0.997) and Levofloxacin (R?=0.999) proves
that method is linear. Furthermore, the method was successfully validated in terms of
various validation parameters as suggested by ICH guidelines. The developed method was
successfully applied for estimation of both Loteprednol and Levofloxacin from its
synthetic mixture.

VII
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1] INTRODUCTION

1.1 INTRODUCTION TO MULTICOMPONENT FORMULATION ™

Market is flooded with combination of drugs in various dosage forms. The multi-component
formulations have gained a lot of importance nowadays due to greater patient acceptability,

increased potency, multiple action, fewer side effects and quicker relief.

The multi-drug therapy is an ancient phenomenon to combat interrelated symptoms of
diseased status of human beings. Since it ensure timely and complete medication for disorder
and it has patient compliance, as it reduces the number of formulations to be taken at a time.
Therefore, the pharmaceutical formulations with combinations of drugs have shown an
increasing trend to counteract other symptoms specific to one drug and formulation, and
hence analytical chemist will have to accept the challenge of developing reliable methods for

analysis of drugs in such formulation.

Simultaneous analysis procedures are now being used more frequently for estimation of
drugs in multi-component pharmaceutical formulations due to their inherent advantages viz.
avoid time consuming extraction and separation, economical in the sense that use of
expensive regents is minimized are equally accurate and precise. For the estimation of multi-
component formulation, the instrumental techniques, which are commonly employed, are
spectrophotometry, Gas Liquid chromatography, high performance thin layer
chromatography (HPTLC), HPLC etc.

Spectrophotometric multi-component analysis:

Absorption spectroscopy is one of the most useful and widely used tools available to the
analyte for quantitative analysis. The relation between the concentration of analyte and the
amount of light absorbed is the basis of most analytical applications of molecular
spectroscopy. This method of analysis is gaining importance due to simple, rapid, precise,
highly accurate and less time consuming. Spectrophotometric multi-component analysis can
be applied where the spectra of drugs overlaps. In such cases of overlapping spectra,

simultaneous equation can be framed to obtain the concentration of individual component;
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1] INTRODUCTION

otherwise multi-component analysis can be applied on any degree of spectral overlap
provided that two or more spectra are not similar exactly.

High performance liquid chromatography (HPLC):

This technique is based on the same method of separation as classical column
chromatography i.e. adsorption, partition, ion exchange and gel permeation but it differ from
column chromatography, in that mobile phase is pumped through the packed column under
high pressure. The technique is most widely used for all the analytical separation technique
due to its sensitivity, its ready adaptability to accumulate quantitative determinations, its
suitability for separating nonvolatile species or thermally fragile ones. In normal HPLC, polar
solids such as silica gel; alumina (Al,O3) or porous glass beads and nonpolar mobile phase
such as heptane, octane or chloroform are used but if the opposite case holds, it is called as

reversed phase HPLC.

High performance thin layer chromatography (HPTLC):

The principle is based on plane chromatography. The mobile phase normally is driven by
capillary action. The prominent advantages of this technique includes possibilities of
separating of up to 70 samples and standard simultaneously on a single plate leading to high
throughout, low cost analogs and the ability to construct calibration curves from standard
chromatography under the same condition as the sample. Analyzing a sample by use of
multiple separation steps and static post chromatographic detection procedures with various
universal and specific visualization regents that are possible because all the sample

components are stored on the layer without the chance of loss.

Gas chromatography (GC):

GC is one of the most extensively used separation technique in which separation is
accomplished by partitioning solute between a mobile gas phase and stationary phase, either
liquid or solid. The chief requirement is same degrees of stability at the temperature

necessary to maintain the substance in gas state.

INSTITUTE OF PHARMACY, NIRMA UNIVERSITY Page 2



1] INTRODUCTION

1.2 INTRODUCTION TO DISEASE

The eye is vulnerable to damage from relatively low levels of intraocular inflammation. The
blood-aqueous and blood-retinal barriers usually limit penetration of protein and cells from
the peripheral circulation, while regulatory molecules and cells in the eye actively suppress
immunologic responses 2. Nevertheless, ocular inflammatory conditions and surgical trauma
induce changes in the blood-aqueous and blood-retinal barriers . As a result, immune cells
and mediators of inflammation enter the eye, resulting in the classical clinical signs and
symptoms of ocular inflammation including redness, pain, swelling, and itching . Ocular

inflammation, if left untreated, may lead to temporary or permanent loss of vision /.

Topical corticosteroids are useful for the management of anterior segment inflammation.
Corticosteroids elicit numerous potent anti-inflammatory effects ). For instance, they
suppress cellular infiltration, capillary dilation, the proliferation of fibroblasts, collagen
deposition, and eventually scar formation; they stabilize intracellular and extracellular
membranes; and they increase the synthesis of lipocortins that block phospholipase A, and
inhibit histamine synthesis in the mast cells. Inhibition of phospholipase A, prevents the
conversion of phospholipids to arachidonic acid, a critical step in the inflammatory cascade.
Corticosteroids also increase the enzyme histaminase and modulate transcription factors

present in mast cell nuclei.

Corticosteroids mediate their anti-inflammatory effects primarily through the modulation of
the cytosolic glucocorticoid receptor (GR) at the genomic level © % After corticosteroids
bind to the GR in the cytoplasm, the activated corticosteroid-GR complex migrates to the
nucleus, where it upregulates the expression of anti-inflammatory proteins and represses the
expression of proinflammatory proteins. However, recent work suggests that the activated
corticosteroid-GR complex also elicits nongenomic effects, particularly the inhibition of

[8,10]

vasodilation, vascular permeability, and migration of leukocytes In addition,

corticosteroids mediate anti-inflammatory activity through membrane-bound GR-mediated

nongenomic effects and through direct nonspecific interactions with cellular membranes ™°

11]
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1] INTRODUCTION

Because the GR is involved in a plethora of signalling pathways; in fact, more than 5000
genes are expressed or suppressed following glucocorticoid exposure ™2 long-term use or
high dosages of corticosteroids can result in adverse drug reactions (ADRS) such as increased

Intra ocular pressure (I0P) 13 4

. Most studies implicate the involvement of trabecular
meshwork (TM) cells and myocilin gene expression in the mechanism of corticosteroid-
induced IOP increase. Steroids decrease the outflow of aqueous humor by inhibiting the
degradation and/or enhancing the deposition of extracellular matrix material within the TM
and/or cross-linking of actin fibres between TM cells ™. Structural changes in the TM, in
turn, result in corticosteroid-induced ocular hypertension, which can progress to secondary
iatrogenic open-angle glaucoma ™. Myocilin, initially referred to as TM-inducible
glucocorticoid response or TIGR gene product, is a 55-kDa protein induced after exposure of
TM cells to dexamethasone for 2-3 weeks, which is also closely associated with decreased
agueous humor outflow and steroid-induced 10OP increase . Different mutations within the
myocilin gene lead to a variety of glaucoma phenotypes in both juvenile and adult-onset

primary open-angle glaucoma, providing further evidence for its role in steroid-induced IOP
[15]

Another ADR associated with corticosteroid use is the formation of cataract. However, the
mechanism of steroid-induced cataract formation appears to be chemically based and not
likely to be related to the downstream effects of GR activation. Currently, the most prominent
hypothesis for cataract formation involves nonenzymatic formation of Schiff base
intermediates between the steroid C-20 ketone group and nucleophilic groups such as g-
amino groups of lysine residues of lens proteins 8. The formation of Schiff bases is
followed by a Heyns rearrangement of the adjacent C-21 hydroxyl group, resulting in stable
anime-substituted adducts (Figure 1) M. While this covalent binding mechanism could
account for cataract formation with C-20 ketone-based corticosteroids, other mechanisms of
steroid-induced cataract formation may exist. Interestingly, covalent adducts have been

observed only in steroid-induced cataract, not in other cataracts.
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1] INTRODUCTION

Schitff base

Figure 1.1: Mechanism of steroid-induced cataract formation adapted from 81,
1.3 RATIONALE OF DRUG COMBINATION [*24

Levofloxacin, one of the commonly used fluoroquinolone antimicrobials, is the active S-
isomer isolated from the racemic Ofloxacin. Its antibacterial action is twice as active as the
racemate Ofloxacin in vitro. Levofloxacin possesses a broad spectrum of activity against
various bacteria, including gram-positive and gram-negative microorganisms ™. It is also
active against causes of atypical respiratory infection such as Chlamydia pneumoniae and
Mycoplasma pneumoniae . Because of its excellent antibacterial activity and low
frequency of adverse effects on oral administration, levofloxacin has been widely used for the

treatment of infectious diseases of eye.

Loteprednol etabonate (LE) is a "soft" steroid belonging to a unique class of glucocorticoids.
Loteprednol etabonate is structurally similar to other glucocorticoids. However, the number
20 position ketone group is absent. It is highly lipid soluble which enhances its penetration
into cells. Loteprednol etabonate is synthesized through structural modifications of
prednisolone- related compounds so that it will undergo a predictable transformation to an
inactive metabolite. It first binds to the type Il glucocorticoid receptor. Corticosteroids inhibit
the inflammatory response to a variety of inciting agents and probably delay or slow healing.
They inhibit the edema, fibrin deposition, capillary dilation, leukocyte migration, capillary
proliferation, fibroblast proliferation, deposition of collagen, and scar formation associated

with inflammation. 24
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There is no generally accepted explanation for the mechanism of action of ocular
corticosteroids. However, corticosteroids are thought to act by the induction of phospholipase
A, inhibitory proteins, collectively called lipocortins. It is postulated that these proteins
control the biosynthesis of potent mediators of inflammation such as prostaglandins and
leukotrienes by inhibiting the release of their common precursor arachidonic acid.

Arachidonic acid is released from membrane phospholipids by phospholipase A,.

The combination of levofloxacin and loteprednol eye drops was approved in Indian market
on 12" July 2007 for post-operative steroid responsive inflammatory ocular conditions when

ocular bacterial infections or a risk of bacterial infection exists.

1.4 INTRODUCTION TO DRUG:
1.4.1 LEVOFLOXACIN; [2228]

e Structural Formula:

OH
(E)

HsC CHs

Fig. 1.2 Structure of Levofloxacin

e Molecular Formula: CgHyFN3O4
e Molecular Weight: 361.3675

¢ IUPAC Name: (S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methylpiperazin-1-yl)-7-oxo-
7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid
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1] INTRODUCTION

e CASNO.:1100986-85-4

e Category: Antibacterial and Quinolones

e Official Status: Official in IP-10, JP-XVI1 and Martine dale.

-+ Physicochemical Properties:

1. Appearance: A yellowish white to yellow powder.

2. Solubility: It is freely soluble in acetic acid, sparingly soluble in water and in methanol,

and slightly soluble in ethanol. It dissolves in 0.1 mol/L hydrochloric acid.

© a & w

Melting Point: About 226 °C (with decomposition)
Partition co-efficient (Log P) 0.65
Dissociation constant (pKa) 5.45 and 6.2

Storage: Store protected from light and moisture, at a temperature not exceeding 30°C.

% Pharmacokinetic parameters of Levofloxacin:

Table 1.1 Pharmacokinetic parameters of Levofloxacin

Bioavailability | 99%
tmax 1h
t12 6-8 h
Protein binding | 24-38% to plasma protein
Distribution 74-112 L/kg
Metabolism and | Mainly excreted as unchanged drug (87%); undergoes limited metabolism
Elimination in humans. Mainly excreted as unchanged drug in the urine.
Increased concentration of ciclosporin or tacrolimus. Reduced absorption
with didanosine, ferrous sulfate or dietary supplements containing zinc,
calcium, magnesium or iron. May increase plasma levels of theophylline.
Drug- Drug . . . . .
interaction Increased risk of tendon rupture with corticosteroids. Reduced absorption

with sucralfate and antacids containing magnesium and aluminium;
administer at least 2 hr before or 2 hr after antacids. Increased half-life
and decreased clearance of procainamide.

Adverse effect

Side effects include disorientation, dizziness, drowsiness, hot and cold
flashes, nausea, slurring of speech, swelling and numbness in the face.
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-* Mechanism of Action:

Levofloxacin inhibits bacterial type Il topoisomerases, topoisomerase IV and DNA gyrase.
Levofloxacin, like other fluoroquinolones, inhibits the A subunits of DNA gyrase, two
subunits encoded by the gyrA gene. This results in strand breakage on a bacterial

chromosome, supercoiling, and resealing; DNA replication and transcription are inhibited.

1.4.2 LOTEPREDNOL ETABONATE 3

e Structural Formula:

Fig. 1.3 Structure of Loteprednol etabonate

e Molecular Formula: C,1H»;,ClOs

e Molecular Weight: 394.889

e IUPAC Name: chloromethyl 17-ethoxycarbonyloxy- 11-hydroxy- 10,13-dimethyl-3-oxo-
7,8,9,11,12,14,15, 16-octahydro- 6H-cyclopenta[a] phenanthrene-17-carboxylate.

e CAS NO.: 82034-46-6

e Category: Anti-inflammatory & Anti-Allergic Agents

o Official Status: approved in USP (after 15 may 2012)
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1] INTRODUCTION

~* Physicochemical Properties:

. Appearance: White to off-white powder

1

2. Solubility: Soluble in methanol, acetone, and methylene chloride
3. Melting Point: 220-224°C

4. Storage: Store at 15-25°C. Don’t freeze.

~* Mechanism of Action:

Loteprednol etabonate (LE) is a "soft" steroid belonging to a unique class of glucocorticoids.

Loteprednol etabonate is structurally similar to other glucocorticoids. However, the number

20 position ketone group is absent. It is highly lipid soluble which enhances its penetration

into cells.

Corticosteroids are thought to act by the induction of phospholipase A, inhibitory proteins,

collectively called lipocortins. It is postulated that these proteins control the biosynthesis of

potent mediators of inflammation such as prostaglandins and leukotrienes by inhibiting the

release of their common precursor arachidonic acid. Arachidonic acid is released from

membrane phospholipids by phospholipase A..

~* Pharmacokinetic parameters of Loteprednol etabonate:

Table 1.2 Pharmacokinetic parameters of Loteprednol etabonate

Distribution 3.7 L/kg
tie 2.8h
Metabolism and | The drug’s 17 beta-chloromethyl ester function is hydrolyzed to an
Elimination inactive carboxylic acid moiety.
Limited systemic exposure following topical application to the eye;
Bioavailability 4 P g topical app 4

plasma concentrations usually are undetectable.

Adverse effect

Include abnormal vision / blurring, burning on instillation, chemosis,
discharge, dry eyes, epiphora, foreign body sensation, itching,
injection, and photophobia.
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1] INTRODUCTION

1.5 INTRODUCTION TO METHOD OF UV VISIBLE
SPECTROPHOTOMETERY
In multi-component formulations, the concentration of the absorbing substance is calculated

from the measured absorbance using one of the following procedures %,

(a) Assay as a single-component sample: The concentration of a component in a sample
which contains other absorbing substances may be determined by a simple
spectrophotometric measurement of absorbance, provided that the other components have a

sufficiently small absorbance at the wavelength of measurement.

(b) Assay using absorbance corrected for interference: If the identity, concentration and
absorptivity of the absorbing interferents are known, it is possible to calculate their
50contribution to the total absorbance of a mixture #6371,

Based on this fact, various spectrophotometric methods are known which can be used for the

analysis of combination drug samples. Following methods can be used.

e Simultaneous Equation Method (Vierodt’s method)
e Derivative Spectrophotometric Method

e Absorbance Ratio Method (Q-Absorbance method)
e Dual Wavelength Method

e Ratio Spectra Derivative Method

1.5.1 Simultaneous Equation Method (Vierodt’s method):

Simultaneous equation method is a quantitative method, generally used when two absorbing
species in the solution have overlapping spectra. If a sample contains two absorbing drugs (X
and Y) each of which absorb at the Amax of the other (as shown in figure-1.4, as A; and ), it

may be possible to determine both drugs by the technique of simultaneous equationt®® %%,

Two equations are constructed based upon the fact that at A; and A,, the absorbance of the

mixture is the sum of the individual absorbance of X and Y.
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Cx=(Ay*ay1—Ar*ay)) /(@ *ays —axs *ayz) .ocoovevenvnnnnns 1
Cy=(Ar*axo—Ax*axy)/(@xs*ays —axs *ayz) c.ooeeveenennnnn. 2

Here, A; and A; are absorbance of the mixture at A; and A, nm respectively; ax; and ax, are
absorptivity values of drug-X at A; and XA, nm respectively and ay; and ay, are absorptivity

values of drug-Y at the two wavelengths respectively.

1
= \‘1 i

a /
bas
g

i ———"j-/ ?L]_ ;"-2\

200 240 250 320 360
Wavelength

Fig. 1.4 Wavelength selection by simultaneous equation method.

1.5.2 Derivative Spectrophotometric Method:

For the purpose of spectral analysis in order to relate chemical structure to electronic
transitions, and for analytical situations in which mixture contribute interfering absorption, a

method of manipulating the spectral data is called derivative spectroscopy.

This involves the conversion of a normal spectrum to its first, second or higher derivative

spectrum 4041,
1.5.3 Absorbance Ratio Method (Q-absorbance ratio method):

The absorbance ratio method is a modification of the simultaneous equation procedure. It
depends on the property that, for a substance, which obeys Beer's law at all wavelengths, the
ratio of absorbencies at any two wavelengths is a constant value independent of concentration

or path length. In USP, this ratio is referred to as Qvalue 2.
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The two wavelengths selected for this method, are the Amax of one of the component (1,) and
a wavelength of equal absorptivities of the two components as shown in figure-1.5, i.e. an
iso-absorptive point (A;). Two equations are constructed as described below for the Q-
absorbance ratio method 3.

Cy=(Qm—-0Qx/Qy—QX) * A1/ aX1 ceoviririiiiiiiiiiieeiieaan, 3
Cx=(QM-Qy/Qy—QX) * At/ QY1 «.eurieiiieeieiiiiiiiaean, 4
QM = A L AL oo 5
Qv=axa/aX; & Qx = ayo/ AY1.eceieiiiiiii e, 6

where, A; and A, are absorbance of sample solution at iso-absorptive point and A,
respectively; ax; and ax, are the absorptivities of drug-X at A; and A, nm respectively and ay;

and ay, are the absorptivities of drug-Y at the two wavelengths respectively.

A Y
A
. L
5
0
R
B
A
N
c
E
hhg
VIAVEL EMGTH

Fig. 1.5 Wavelength selection by absorption ratio method

1.5.4 Dual Wavelength Method:

The utility of dual wavelength data processing programme is to calculate the unknown
concentration of component of interest present in a mixture containing both a component of
interest and an unwanted interfering component. This method is based on the principle that

the absorbance difference between two points on the mixture spectrum is directly
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proportional to the concentration of the components of interest, independent of the interfering

components.

In this method, two wavelengths are selected, where one component shows same absorbance
(difference between absorbance will be zero) while the other shows significant difference in
its absorbance on same wavelengths and vice versa. It involves the estimation of two

components, each time considering the second one to be an interfering one 1.

1.5.5 Ratio spectra derivative method:

Salinas et al. ** developed a new method for the analysis of binary mixtures of compounds
with overlapping spectra. This method functions on two principles i.e., (i) Ratio and (ii)

Derivatization.

In this method, the absorption spectra of the solutions at different concentrations of one drug
are divided by the standard spectrum of another drug and the ratio spectra are obtained. Then,
first derivatives of these ratio spectra are to be plotted. The amount of drug is determined by
measuring the signals at Amax corresponding to a maximum or a minimum in the specified

spectral region % #¢1,

1.6 INTRODUCTION TO HPLC ¥

HPLC was derived from classical column chromatography and has found important place in
analytical techniques. This technique is based on the separation of components due to the

difference in migration rate of solute through a stationary phase by a liquid mobile phase.
The parameters involved in chromatographic separation are as follows:

e Capacity factor

e Resolution

e Column efficiency
e Column selectivity

e Distribution or partition coefficient
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The main components of HPLC system are high pressure pump, a column, an injector system
and detector. The eluent is filtered and pumped through a chromatographic column, the
sample is loaded and injected onto column, and the effluent is monitored using a detector and

recorded as peaks. In HPLC assay of drugs is based on the peak area of chromatogram.

HPLC methods can be classified based on separation modes as follows:

Liquid -Solid chromatography

e Liquid- Liquid chromatography

e Affinity chromatography

¢ lon — Exchange chromatography
e Size — Exclusion chromatography

e lon — Pair chromatography

Sample
— lmefgmn port
/—BS-T“'”"E vacuum F;Tfj
Solvent 1 Solvent 2
pUmp _ 1 splitter
| I Pressure

(s

Degasser 1 | |Degasser 2 pre- gaug
column

———

mixing vessel

Anahytical
b ok

High pressure pump | -

dlffﬁl‘PI‘ltIH defoctor

to waste ¥ to wa*ste or

fraction collector
1995 CHP

Figure 1.6 Schematic diagram of HPLC system.
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1.6.1 Characteristics of HPLC method:

e Efficient, highly selective, widely applicable
e Only small sample required

e May be non-destructive of sample

e Readily adapted to quantitative analysis

e High resolving power

e Speed of separation

1.6.2 Quantitation in HPLC:

Peak height or peak area measurements only provide a response in terms of detector signal.
This response must be related to the concentration or mass of the compound of interest. To

accomplish this, some type of calibration must be performed.

The four primary techniques for quantitation are

¢ Normalized peak area method
e External standard method

¢ Internal standard method

e Method of standard addition

Normalized peak area method

The area percent of any individual peak is referred to the normalized peak area. This
technique is widely used to estimate the relative amounts of small impurities or degradation
compounds in a purified material and in this method; the response factor for each component

is identified.

External standard method

This method includes injection of both; standard and unknown and the unknown is

determined graphically from a calibration plot or numerically using response factors.

A response factor (Ry) can be determined for each standard as follows:
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Standard Area (Peak height)

Standard Concentration

The external standard approach is preferred for most samples in HPLC that do not require

extensive sample preparation.

Internal standard method

The internal standard is a different compound from the analyte but one that is well resolved
in the separation. The internal standard should be chosen to mimic the behavior of the sample
compound. One of the main reasons for using an internal standard is for samples requiring

significant pre-treatment or preparation.

Response factor is used to determine the concentration of a sample component in the original
sample. The response factor is the ratio of peak areas of sample component (Ax) and the

internal standard (Alstp). It can be calculated using the formula,

Ax
Rf =
Alstp

On the basis of the response factor and strength of the internal standard (NIstp), the amount

of the analyte in the original sample can be calculated using the formula,

As

X= Rf. Alstp

XNIstD

Where, As is peak area of standard drug.
Method of Standard addition:

The method of standard addition can be used to provide a calibration plot for quantitative
analysis. It is most often used in trace analysis. An important aspect of the method of
standard addition is that the response prior to spiking additional analyte should be high

enough to provide a reasonable S/N ratio (>10), otherwise the result will have poor precision.
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1.7 INTRODUCTION TO METHOD DEVELOPMENT

Method of analysis is developed usually based on prior art or existing literature, using the
same or quite similar instrumentation. It is rare today that an HPLC based method is
developed that does not in some way relate or compare to existing, literature-based
approaches. The development of any new or improved method usually tailors existing
approaches and instrumentation to the current analyte, as well as to the final needs or
requirements of the method. Method development usually requires selecting the method

requirements and deciding on what type of instrumentation to utilize and why ! %2

There are several valid reasons for developing new methods of analysis:

¢ Non-availability of a suitable method for a particular analyte in the specific sample
matrix.

e Existing methods may be too erroneous, artifact, and/or contamination prone, and/or have
poor accuracy or precision

e Existing methods may be too expensive, time consuming, or energy intensive, or not
easily automated.

e Existing methods may not provide adequate sensitivity or analyte selectivity in samples
of interest

e Newer instrumentation and techniques may have evolved that provide opportunities for
improved method, including improved analyte identification or detection limits, greater
accuracy or precision or better return on investment.

e There may be a need for an alternative method to confirm, for legal or scientific reasons,

analytical data originally obtained by existing methods.

1.8 INTRODUCTION TO METHOD VALIDATION
1.8.1 Definition:

Validation is a process of establishing documented evidence, which provides a high degree of
assurance that a specific activity will consistently produce a desired result or product,

meeting its predetermined specifications and quality characteristics °*!. Method validation is
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the process of demonstrating that analytical procedures are suitable for their intended use and
that they support the identity, quality, purity, and potency of the drug substances and drug
products. Simply, method validation is the process of proving that an analytical method is

acceptable for its intended purpose.

According to USFDA, validation is the process of establishing documented evidence which
provides a high degree of assurance that a specific process will consistently produce a

product meeting its predetermined specifications and quality attributes.

1.8.2 Objective of Validation:

The objective of validation of analytical procedure is to demonstrate that it is suitable for its
intended purpose. Validation is documented evidence, which provide a high degree of
assurance for a specific method. Any developed method may be influenced by variables like
different elapsed assay times, different days, batches of reagents, instruments, equipments,
environmental conditions like temperature, etc. It is expected that after the method has been
developed and before it is communicated or transferred from one lab to the other, it is

properly validated and the result of validity tests reported.

For analytical method validation of pharmaceuticals, guidelines from the International
Conference on Harmonization (ICH) ®*, United States Food and Drug Administration (US
FDA) P United States Pharmacopoeia (USP) ! and World Health Organization
(WHO)™® provide a framework for performing such validations in a more efficient and

productive manner.

Green et al. has given a practical guide for analytical method validation, with a description of
a set of minimum requirements for a method 7). Wegscheider et al. has published procedures
for method validation with a special focus on calibration, recovery experiments, method
comparison and investigation of ruggedness 8. Seno et al. have described how analytical
methods are validated in a Japanese QC laboratory ®°. The AOAC has developed a peer-
verified methods validation program with detailed guidelines on exactly which parameters

should be validated . Winslow and Meyer recommend the definition and application of
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master plan for validating analytical methods Y. Breaux et al. have published a study on

analytical methods development and validation ©2.

1.8.3 Validation Parameters:
Specificity:

Specificity is the ability to assess unequivocally the analyte in the presence of components
which may be expected to be present. Typically these might include impurities, degradants,
matrix, etc. Lack of specificity of an individual analytical procedure may be compensated by

other supporting analytical procedure(s).

The response of the analyte in test mixtures containing the analyte and all potential sample
components (placebo formulation, synthesis intermediates, excipients, degradation products,
process impurities, etc.) is compared with the response of a solution containing only the

analyte.

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. This is sometimes termed trueness.

Accuracy can be assessed by analyzing a sample of known concentration and comparing the
measured value to the true value. National Institute of Standards and Technology (NIST)
reference standards are often used; however, such a well-characterized sample is usually not
available for new drug-related analytes. The extraction of the drugs from the formulation

product can easily be carried out by accuracy study.

Precision:

The precision of an analytical procedure expresses the closeness of agreement (degree of
scatter) between a series of measurements obtained from multiple sampling of the same
homogeneous sample under the prescribed conditions. Precision may be considered at three

levels: repeatability, intermediate precision and reproducibility.
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Precision should be investigated using homogeneous, authentic samples. However, if it is not
possible to obtain a homogeneous sample it may be investigated using artificially prepared

samples or a sample solution.

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

deviation or coefficient of variation of a series of measurements.

1. Repeatability: Repeatability expresses the precision under the same operating conditions

over a short interval of time. Repeatability is also termed intra-assay precision.

2. Intermediate Precision: Intermediate precision expresses within-laboratories variations:

different days, different analysts, different equipment, etc.

3. Reproducibility: Reproducibility expresses the precision between laboratories
(collaborative studies, usually applied to standardization of methodology).

Detection Limit;:

The detection limit of an individual analytical procedure is the lowest amount of analyte in a

sample which can be detected but not necessarily quantitated as an exact value.

It is the lowest analyte concentration that produces a response detectable above the noise
level of the system; typically, three times the noise level. The detection limit needs to be
determined only for impurity methods in which chromatographic peaks near the detection
limit will be observed. The detection limit should be estimated early in the method
development-validation process. It is important to test the method detection limit on different
instruments, such as those used in different laboratories to which the method will be

transferred.

Quantitation Limit:

The quantitation limit of an individual analytical procedure is the lowest amount of analyte in
a sample which can be quantitatively determined with suitable precision and accuracy. The

quantitation limit is a parameter of quantitative assays for low levels of compounds in sample
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matrices, and is used particularly for the determination of impurities and/or degradation

products.

Linearity:

The linearity of an analytical procedure is its ability (within a given range) to obtain test

results which are directly proportional to the concentration (amount) of analyte in the sample.

This parameter is tested to establish linear relationship between analyte concentration and
response of the detector. For assay methods, this study is generally performed by preparing
standard solutions at five concentration levels, from 50 to 150% of the target analyte
concentration. Five levels are required to allow detection of curvature in the plotted data. The
standards are evaluated using the experimental conditions determined during the specificity

studies.

Validating over a wider range provides confidence that the routine standard levels are well
removed from nonlinear response concentrations, that the method covers a wide enough
range to incorporate the limits of content uniformity testing, and that it allows quantitation of

crude samples in support of process development.

Acceptability of linearity data is often judged by examining the correlation coefficient and y-
intercept of the linear regression line for the response versus concentration plot. A correlation
coefficient of >0.995 is generally considered as evidence of acceptable fit of the data to the
regression line. The y-intercept should be less than a few percent of the response obtained for

the analyte at the target level.

Completion of linearity studies suggests the appropriate concentration range for the standards

and the injection volume to be set for all subsequent studies.

Range:

The range of an analytical procedure is the interval between the upper and lower
concentration (amounts) of analyte in the sample (including these concentrations) for which it

has been demonstrated that the analytical procedure has a suitable level of precision,
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accuracy and linearity. In practice, the range is determined using data from the linearity and
accuracy studies. Assuming that acceptable linearity and accuracy (recovery) results are
obtained as described earlier, the only remaining factor to be evaluated is precision. This
precision data should be available from the triplicate analyses of spiked samples in the

accuracy study.

Robustness:

Robustness of a method is its ability to remain unaffected by small but deliberate changes in
parameters such as percent organic content and pH of the mobile phase, buffer concentration,
temperature, and injection volume. These method parameters may be evaluated one factor at
a time or simultaneously as part of a factorial experiment. Obtaining data on the effects of
these parameters may allow a range of acceptable values to be included in the final method
procedure. For example, if column performance changes over time, adjusting the mobile-
phase strength to compensate for changes in the column may be allowed if such data are
included in the validation.

Solution Stability:

Solution stability is the stability of sample test solutions in specified period of time at
designated storage conditions. Routine testing involves preparation and analysis of many
samples each day. It is therefore essential that solutions be stable enough to allow for delays
such as instrument breakdowns or overnight analyses using auto samplers. At this point, the
limits of stability should be tested. Samples and standards should be tested over at least a 48
hr period, and quantitation of components should be determined by comparison with freshly
prepared standards. If the solutions are not stable over 48 hr, storage conditions or additives
should be identified that can improve stability.
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TABLE 2.1: Reported analytical methods for estimation of Levofloxacin

Sr. Matrix Method Combination | Description Ref.
No. with
1 Tablet uv Alone Wavelength: 290 nm 63

Solvent: 0.1M HCI
Linearity: 0.25 — 12.0 ug/ml

2 Tablet uv Alone Wavelength: 620 nm 64
Linearity: 1.25 - 10.0 pg/ml
lon-pair complex (1:1 drug/dye)

of levofloxacin with
bromocresol green at pH 4
3 Bulk & uv Alone Wavelength : 292 nm 65
Tablets Solvent:  Water:  Methanol:

Acetonitrile (9:0.5:0.5)
Linearity : 1.0 — 12.0 pg/ml

4 Bulk & uv Alone Wavelength : 257.4 nm 66
Tablets Solvent : chloroform
Linearity : 5 —30.0 pg/ml
5 Bulk & UV, first Alone Wavelength : 288 nm 67
Tablets derivative. Solvent : Acetonitrile (10% v/v)
Linearity : 2 —12.0 pg/ml
6 IR Tablets uv Alone Wavelength : 293.7 nm 68

Solvent : 0.1 N Hcl
Linearity : 2 —10.0 pg/ml

7 Tablets uv Ornidazole Wavelength : 277.5 & 319 nm 69
Solvent : 0.1 N Hcl
Linearity : 10 — 50.0 pg/ml

8 Tablets uv Ornidazole Wavelength : 289 & 320 nm 70

Solvent : Distilled water

Linearity : 4 —20.0 pg/ml &
8 —40.0 pg/ml

9 Tablets uv Ornidazole Wavelength : 293 & 277 nm 71
Solvent : 0.1 M Hcl
Linearity : 2 -12.0 pg/ml &
2—32.0 pg/ml

10 Tablets uv Ambroxol Wavelength: 219 (isoabsorptive | 72

point) & 287 nm.(Amax of

Levofloxacin)

Solvent : Distilled water

Linearity : 2 — 14.0 pg/ml &
5—35.0 pg/ml
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11 Tablets uv Ambroxol Wavelength: 219 (isoabsorptive | 73

point) & 287 nm. (Amax of

Levofloxacin)

Solvent : Distilled water

Linearity : 2 -20.0 pg/ml &
5—50.0 pg/ml

12 Tablet uv Cefixime Wavelength : 74
trihydrate 240 & 296 nm

Solvent : Methanol
Linearity : 3—15.0 pg/ml &

3—15.0 pg/ml
13 | Eyedrops uv Ofloxacin Wavelength : 507 nm 75
& Tablets Solvent : distilled water

Oxidation of drugs with a
known excess of cerium (1V)
sulphate in acidic medium
Linearity : 0.5—-3.0 pg/ml &
1.0—-3.5 pg/ml

14 Tablets uv Gatifloxacin, | Wavelength : 426, 430, 631 nm | 76
Lomefloxacin | Solvent : Double distilled water
Formation of yellow and blue
coloured ion-pair extractable
complexes between the three
drugs and two dyes,
bromophenol red and fast green
FCF.
Linearity : 10 — 55.0 pg/ml &
10 - 70.0 pg/ml &
10— 70.0 pg/ml

15 Human Spectro- Alone Wavelength: Exci. 290 nm & | 77
urine fluorimetry emmi. 490 nm.
Solvent: 0.1 N Hcl, water and
chloroform
Linearity : 50 — 600 ng/ml
LOD : 1.4 ng/ml
16 Human Spectro- Alone Wavelength: exci. 292nm, 78
urine, fluorimetry emmi. 494 nm.
Tablet, Solvent:  Aqueous  solution
Serum containing acetic acid- sodium

acetate buffer (pH 4)
Linearity : 20 —3000 ng/ml
LOD : 10 ng/ml

LOQ : 30 ng/ml
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17 Tablet Spectro- Garenofloxacin, | Wavelength: exci. 283 nm 79
fluorimetric | Grepafloxacin | Solvent:  Aqueous  solution
containing acetic acid- sodium
acetate buffer (pH 4)

Linearity : 0.0 — 40.0 pg/ml

18 Tablet Spectro- Enrofloxacin, | Wavelength: exci. 359-363 nm, | 80
fluorimetry Ofloxacin emmi.442-448 nm
Solvent : Methanol

Linearity : 50 —1000 ng/ml

LOD : 17 ng/ml
LOQ : 51 ng/ml
19 Tablet Spectro- Alone Wavelength: Exci. 276 nm, 81
fluorimetry emmi. 483 nm

Solvent : Methanol
Linearity : 0.04 —1.20 ng/ml
LOD : 0.012 ng/ml
LOQ : 0.042 ng/ml

20 Tablet uv Alone Wavelength: 547 nm, 82
Solvent : Distilled water
Linearity : 2 -8 pg/ml
LOD : 0.1475 pg/ml

21 Tablet HPTLC Alone Stationary phase : Silica gel | 83
60F 254 prewashed with
methanol

Mobile