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1. SCOPE OF DRUG ANALYSIS

A drug may be defined as a substance meant for diagnosis, cure, mitigation and 

prevention, treatment of diseases in human beings or animals, for altering in structure 

or function of the body of human beings or animals [1]. Pharmaceutical chemistry 

[2-6] is a science that makes use of general laws of chemistry to study drugs i.e. their 

preparation, chemical nature, composition, structure, influence on an organism, the 

methods of quality control and the conditions of their storage etc. The family of drugs 

may be broadly classified as:

1. Pharmacodynamic agents

2. Chemotherapeutic agents

Pharmacodynamic agents refer to a group of drugs, which stimulate or depress 

various functions of body so as to provide some relief to the body in case of body 

abnormalities, without curing the disease. They are mainly used in case of non- 

infectious diseases; so as to correct the abnormal body functions. Non-selective 

central nervous system modifiers (depressants or stimulants), adrenergic stimulants 

and blocking agents, cholinergic and cholinergic blocking agents, cardiovascular 

agents, diuretics, antihistaminic agents and anticoagulating agents are some examples 

of this group. These agents have no action on infective organisms, which cause 

various diseases.

Chemotherapeutic agents are agents, which are selectively more toxic to die 

invading organisms without harmful effect to the host. Some of the examples of this 

group are organometallic agents, antimalarials, antibacterials, antiprotozoals,
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antifungal agents, anthelmentics, antiseptics, antitubercular agents, antineoplastics,

etc.

Every country has legislation [7] on bulk drags and their pharmaceutical 

formulations that sets standards and obligatory quality indices for them. These 

regulations are presented in separate articles relating to individual drags and are 

published in the form of book called “Pharmacopoeia” such as I.P. [8], U.S.P. [9], 

B.P. [10] and Martindale: The Extra Pharmacopoeia [11].

Pharmaceutical analysis [12] deals not only with medicaments (drags and 

their formulations) but also with their precursors i.e. with the raw material on which 

degree of purity and the quality of medicament depends. The quality of a drag is 

determined after establishing its authenticity by testing its purity and the quality of 

pure substance in the drag and its formulations.

Quality [13] is important in every product or service but it is vital in medicine 

as it involves life. Unlike ordinary consumer goods there can be no “second quality” 

in drags. Quality control is a concept, which strives to produce a perfect product by 

series of measures designed to prevent and eliminate errors at different stages of 

production.

As a matter of fact, it is built in from the time of inception of the thought to 

make a product, to the time; it is finally made and sent out with an okay quality 

report. In popular practice, the quality of medicines or pharmaceutical products is 

assured through quality control. It is therefore, essential that quality assurance 

department must adopt “good laboratory practice” to ensure reliability and accuracy
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of results given out by them. The assurance of the quality and reliability of 

pharmaceuticals, together with their careful control are our moral obligations towards 

the sick human beings. Consequently the manufacture and control of drugs are very 

responsible task and they need substantial knowledge of the science.

The decision to release or reject a product is based upon one or two types of 

control actions or combination of both. If the product is single entity of high purity, 

the analytical data is the basis for the decision but most of time; the formulation is a 

physical mixture of several potent drugs. With the growth of pharmaceutical industry 

during the last several years, there has been a rapid progress in the field of 

pharmaceutical analysis involving complex instrumentation, providing simple 

analytical procedures for complex formulations is a matter of foremost importance.

Some of medicinal products are still being assayed by the time-tested 

procedures of gravimetric and titrimetrie techniques, though use of electronic 

balances and recording titrators have improved these classical procedures 

considerably. A wide diversity in type of analytical technique has been characteristic 

of assay method for pharmaceuticals. Simple distillation is useful for determining 

alcohol contents of the galenicals, or other substances being volatile in current of 

steam such as menthol, thymol, and even certain alkaloids such as ephedrine. 

Moisture contents have been determined by drying in a desiccator or in a heated oven. 

Use of moisture balance in which sample pan is directly heated by infrared lamp 

without removing the sample from the balance has been an innovation, though the 

most specific and convenient procedure being Karl-Fisher titration. Separation
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techniques, particularly chromatographic methods, are valuable in analysis of 

pharmaceuticals. Modem spectrophotometer which incorporates features such as 

microprocessor control, diode array detector has become essential tools for analysis. 

Assay methods based on absorption in the ultraviolet and visible region of 

electromagnetic spectrum are used extensively. Some colorless substances required to 

be analysed are converted to a derivative having color, the intensity of color measured 

at suitable wavelength and compared with that of known amount of reference 

substance of known purity. The fluorimeter measures fluorescence that may be 

present in the sample such as riboflavin or may be developed into the sample such as 

thiamine hydrochloride. Solvents used for dilution for UV-visible spectrophotometric 

assay require special purification different from the requirement for other uses. It is 

preferable that blanks are run on the solvent and reagents used to obtain a correction 

for their inherent absorbances.

The methods of estimation of drugs are divided into physical, chemical, 

physico-chemical and biological ones. Physico-chemical and physical methods are 

used the most. Physical methods of analysis involve the study of the physical 

properties of the substance. They include determination of solubility, transparency or 

degree of turbidity, color, density, specific gravity (for liquids), moisture content, 

melting, freezing and boiling points. Physico-chemical methods [14, 15] are used to 

study the physical phenomena that occur as a result of chemical reactions. Among the 

physico-chemical methods, the most important are optical (refractometry, 

polarimetry, emission and fluorescence methods of analysis, photometry including
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photocolorimetry and spectrophotometry covering UV, visible and IR regions, 

nephelometry or turbidimetry) and chromatographic (column, paper, thin-layer, gas 

liquid [16], HPLC [17]) methods. Methods such as Nuclear Magnetic Resonance 

(NMR) and Para Magnetic Resonance (PMR) are becoming more and more popular. 

The combination of mass spectroscopy with gas chromatography is one of the most 

powerful tools available. The chemical methods include the gravimetric and 

volumetric procedures, which are based on complex formation, acid base, 

precipitation and redox reactions. Titrations in non-aqueous media and 

complexometric have also been used in pharmaceutical analysis.

The complete analysis of a substance consists of 5 main steps.

1. Sample preparation / Sampling

2. Dissolution of the sample, conversion of the analyte into a form suitable for 

measurement.

3. Measurement

4. Calculation and interpretation of the measurement

In the development of organic therapeutic agents, pharmaceutical scientists 

have explored numerous approaches to find and develop organic compounds that are 

now available in pharmaceutical formulations suitable for the treatment of diseases 

and often for the maintenance of human health. It is well to remember that the 

chemical, physical, conformational and biochemical properties of organic 

compounds are functions of their structures. Some times the activity of the drug is 

dependent chiefly on its physical and chemical properties, whereas in other instances
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the arrangement, the position and size of the groups in a given molecule are 

important and lead to a high degree of specificity. The word ‘quality’ with reference 

to formulation is comprehensive and refers to characteristics like the potency, 

uniformity, purity, pharmacological actions, stability, etc. It is not only the moral 

responsibility of manufacturers to produce effective, safe and non-toxic forms but 

also their legal responsibility.

The following sampling techniques are generally adopted for preparing 

sample solutions of different pharmaceutical formulations.

Sampling techniques:

Due to the great variability of formulation, which is to be assayed, skilful 

sampling in drug analysis is very essential. The extent of variation depends upon the 

product and the manner of its selection. Usually the following methods are adopted 

for sampling of pharmaceutical formulations.

Liquids

These are mixed thoroughly several times by inverting the solution. If any 

sediment remains behind, it should disperse in the liquid before it consider as a 

sample for analysis.

Powders

They are thoroughly mixed before a portion of the sample is taken for analysis.

Tablet

Tablets are thoroughly mixed before a portion of the sample is taken for 

analysis.
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Capsules

About ten capsules are weighed accurately. They are opened with a razor blade 

and the contents are emptied in to a small beaker and mixed thoroughly. In the case of 

dry filled capsules, the adhering powder to the shells is cleaned with absorbent cotton.

One of the major decisions to be made by an analyst is the choice of the 

most effective procedure for a given analysis. For this, he must be familiar with the 

practical details, the theoretical principles and also that he must be conversant with 

the conditions under which each method is reliable, aware of possible interferences 

which may arise and capable of minimizing or circumventing such problems. He must 

also be concerned with question regarding accuracy and precision. In addition he must 

not over look factors such as time and costing.

Important factors, which must be taken into account when selecting an 

appropriate method of analysis, are

a. Nature of the information sought.

b. Size of sample available and the proportion of the constituent sought.

c. The purpose for which the analytical data are required.

Different types of chemical analysis:

1. Proximate analysis - The amount of each element in a sample is determined 

with no concern as to the actual compounds present.

2. Partial Analysis- It deals with the determination of selected constituents in the 

sample.
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3. Trace constituent analysis - It concerns with the determination of specified 

compounds present in minute quantity.

4. Complete analysis - In this, a proportion of each component of the sample is 

determined.

Factors affecting the choice of analytical methods

a. The type of analysis required.

b. Problem arising from the nature of the material.

c. Possible interference from components of the material other than those of 

interest.

d. The concentration range, which needs to be investigated.

e. The accuracy required.

f. The facilities available.

g. The time required for complete analysis.

h. Similar type of analysis performed.

2. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

The term ‘Chromatography’ covers those processes aimed at the separation of 

the various species of a mixture on the basis of their distribution characteristics 

between a stationary and a mobile phase.

Chromatographic methods can be classified most practically according to the 

stationary and mobile phases, as shown in the Table. 1.1.
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Table. 1.1: Classification of Chromatographic methods

Stationary phase Mobile phase Method

Solid
Liquid

Adsorption column, Thin-layer, Ion

exchange chromatography, etc.

Gas Gas -Solid chromatography

Liquid
Liquid

Partition column, Thin-layer, HPLC,

Paper chromatography, etc.

Gas Gas - Liquid Chromatography.

The importance of Chromatography is increasing rapidly in pharmaceutical 

analysis. The exact differentiation, selective identification and quantitative 

determination of structurally closely related compounds are possible with 

chromatography. Another important field of application of chromatographic methods 

is the purity testing of final products and intermediates (detection of decomposition 

products and by-products). As a consequence of the above points, chromatographic 

methods are occupying an ever-expanding position in the latest editions of the 

pharmacopoeias and other testing standards.

The modem form of column chromatography has been called high 

performance, high pressure, high-resolution and high-speed liquid chromatography.
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HPLC is a special branch of column chromatography in which the mobile 

phase is forced through the column at high speed. As a result, the analysis time is 

reduced by 1-2 orders of magnitude relative to classical column chromatography and 

the use of much smaller particles of the adsorbent or support make it possible to 

increase the column efficiency substantially.

The essential equipment consists of ah eluent reservoir, a high-pressure pump, 

an injector for introducing the sample, a column containing the stationary phase, a 

detector and recorder. The development of highly efficient micro particulate bonded 

phases has increased the versatility of the technique and has greatly improved the 

analysis of multi component mixtures.

The systems used are often described as belonging to one of four mechanistic 

types such as adsorption, partition, ion exchange and size-exclusion. Adsorption 

chromatography arises from interaction between solutes on the surface of the solid 

stationary phase. Partition chromatography involves a liquid stationary phase, which 

is immiscible with the eluent and coated on an inert support. Adsorption and partition 

systems can be normal phase (stationary phase more polar than eluent) or reversed 

phase (stationary phase less polar than eluent). Ion-exchange chromatography 

involves a solid stationary phase with anionic or cationic groups on the surface to 

which solute molecules of opposite charge are attracted. Size-exclusion 

chromatography involves a solid stationary phase with controlled pore size. Solutes
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are separated according to their molecular size, the large molecules unable to enter the 

pores eluting first.

Figure 1.1: Typical High performance liquid chromatography system

Solvent delivery system

The mobile phase is pumped under pressure from one or several reservoirs and 

flows through the column at a constant rate. With micro particulate packing, there is a 

high-pressure drop across a chromatography column. Eluting power of the mobile 

phase is determined by its overall polarity, the polarity of the stationary phase and the 

nature of the sample components. For normal phase separations eluting power 

increases with increasing polarity of the solvent but for reversed phase separations, 

eluting power decreases with increasing solvent polarity. Optimum separating 

conditions can be achieved by making use of mixture of two solvents. Some other
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properties of the solvents, which need to be considered for a successful separation, are 

boiling point, viscosity, detector compatibility, flammability and toxicity.

The most important component of HPLC in solvent delivery system is the 

pump, because its performance directly effects the retention time, reproducibility and 

detector sensitivity. Among the several solvent delivery systems (direct gas pressure, 

pneumatic intensifier, reciprocating etc.) reciprocating pump with twin or triple 

pistons is widely used, as this system gives less baseline noise, good flow rate, 

reproducibility, etc.

Solvent degassing system

The constituents of the mobile phase should be degassed and filtered before 

use. Several methods are employed to remove the dissolved gases in the mobile 

phase. They include heating and stirring, vacuum degassing with an aspirator, 

filtration through 0.45p filter, vacuum degassing with an air-soluble membrane, 

helium purging, ultra sonication or purging or combination of these methods. HPLC 

systems are also provided with an online degassing system, which continuously 

removes the dissolved gases from the mobile phase.

Gradient elution devices

HPLC columns may be run isocratically, i.e., with constant eluent or they may 

be run in the gradient elution mode in which the mobile phase composition varies 

during run. Gradient elution is a means of overcoming the problem of dealing with a 

complex mixture of solutes.
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Sample introduction systems

Two means for analyte introduction on the column are injection in to a flowing 

stream and a stop flow injection. These techniques can be used with a syringe or an 

injection valve. Automatic injector is a microprocessor-controlled version of the 

manual universal injector. Usually, up to 100 samples can be loaded into the auto 

injector tray. The system parameters such as flow rates, gradient run time, volume to 

be injected, etc. are chosen, stored in memory and sequentially executed on 

consecutive injections.

Liquid chromatographic detectors

The function of the detector in HPLC is to monitor the mobile phase as it 

emerges from the column. Generally, there are two types of HPLC detectors, bulk 

property detectors and solute property detectors.

Bulk property detectors

These detectors are based on differential measurement of a property, which is 

common to both the sample and the mobile phase. Examples of such detectors are 

refractive index, conductivity dielectric constant detectors, etc.

Solute property detectors

Solute property detectors respond to a physical property of the solute, which is 

not exhibited by the pure mobile phase. These detectors measure a property, which is 

specific to the sample, either with or without the removal of the mobile phase prior to
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the detection. Solute property detectors which do not require the removal of the 

mobile phase before detection include spectrophotometric (UV or UV-Visible) 

detector, fluorescence detectors, polarographic, electro-chemical and radio activity 

detectors, whilst the moving wire flame ionization detector and electron capture 

detector both require removal of the mobile phase before detection. UV-Vis and 

fluorescent detectors are suitable for gradient elution, because many solvents used in 

HPLC do not absorb to any significant extent.

Column and Column-packing materials

The heart of the system is the column. In order to achieve high efficiency of 

separation, the column material (micro-particles, 5-10 pm size) packed in such a way 

that highest numbers of theoretical plates are possible.

Silica (Si02 .X H20) is the most widely used substance for the manufacture of 

packing materials. It consists of a network of siloxane linkages (Si-O-Si) in a rigid 

three dimensional structure containing inter connecting pores. Thus wide ranges of 

commercial products are available with surface areas ranging from 100 to 800 m2/gm. 

and particle sizes from 3 to 50 pm.

The silanol groups on the surface of silica give it a polar character, which is 

exploited in adsorption chromatography using non-polar organic eluents. Silica can be 

drastically altered by reaction with organochloro silanes or organo alkoxy silanes 

giving Si-O-Si-R linkages with the surface. The attachment of hydrocarbon chain to 

silica produces a non-polar surface suitable for reversed phase chromatography where
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mixtures of water and organic solvents are used as eluents. The most popular material 

is octadecyl-silica (ODS-Silica), which contains Qg chains, but materials with C2, C6, 

Cg and C22 chains are also available. During manufacture, such materials may be 

reacted with a small mono functional silane (e.g. trimethyl chloro silane) to reduce 

further the number of silanol groups remaining on the surface (end-capping). There is 

a vast range of materials which have intermediate surface polarities arising from the 

bonding to silica of other organic compounds which contain groups such as phenyl, 

nitro, amino and hydroxyl. Strong ion exchangers are also available in which 

sulphonic acid groups or quaternary ammonium groups are bonded to silica. The 

useful pH range for columns is 2 to 8, since siloxane linkages are cleaved below pH-2 

while at pH values above 8, silica may dissolve.

In HPLC, generally two types of columns are used, normal phase columns and 

reversed phase columns. Using normal phase chromatography, particularly of non

polar and moderately polar drugs can make excellent separation. It was originally 

believed that separation of compounds in mixture takes place slowly by differential 

adsorption on a stationary silica phase. However, it now seems that partition plays an 

important role, with the compounds interacting with the polar silanol groups on the 

silica or with bound water molecules.

While normal phase seems the passage of a relatively non-polar mobile phase 

over a polar stationary phase, reversed phase chromatography is carried out using a 

polar mobile phase such as methanol, acetonitrile, water, buffers etc., over a non-polar
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stationary phase. Ranges of stationary phases (Qg, Cg, -NH2, -CN, -phenyl, etc.) are 

available and very selective separations can be achieved. The pH of the mobile phase 

can be adjusted to suppress the ionization of the drug and thereby increase the 

retention on the column. For highly ionized drags, ion-pair chromatography is used.

Derivatization

In HPLC derivatization is used to enhance the sensitivity and selectivity of 

detection when available detectors are hot satisfactory for the underivatized 

compounds. Both ultra violet absorbing and fluorescence derivatives have been 

widely used. Ultra violet derivatization reagents include N-succinimidyl p-nitro 

phenyl acetate, phenyl hydrazine and 3, 5-dinitro benzyl chlorides, while fluorescent 

derivatives can be formed with reagents such as dansyl chloride, 4-bromo methyl-7- 

methoxy-coumarin and fluorescamine. Derivative formation can be carried out before 

the sample is injected on to the column or by online chemical reactions between the 

column out let and the detector.

Gradient elution

Gradient elution or solvent programming is the change of solvent composition 

during a separation in which the solvent strength increases from the beginning to the 

end of the separation. It is well suited to the analysis of samples of unknown 

complexity since good resolution is automatically provided for a wide range of 

sample polarities. There are two types of gradient systems: Low-pressure gradient 

mixtures and high- pressure gradient mixtures. In the former the solvents are mixed at
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atmospheric pressure and then pumped to the column, where as in the later, solvents 

are pumped in to a mixing chamber at high pressure before going in to the column.

3. METHOD DEVELOPMENT

The development of any new or improved method for the analysis of an 

analyte usually depends on tailoring the existing analytical approaches and 

instrumentation. Method development [18, 19] usually involves selecting the method 

requirements and on the type of instrumentation. In the development stage of an 

HPLC method, decision regarding the choice of column, mobile phase, detector and 

method of quantitation must be addressed.

Once the instrumentation has been selected, it is important to determine the 

chromatographic parameters for the analyte of interest. It is necessary to consider the 

properties of the analyte(s) that may be useful to select the nature of the column to be 

used, establish the approximate composition and pH of the mobile phase for 

separation of the components, wavelength to be employed or mass/charge ratio to be 

scanned at for detection of the component, the concentration range to be followed and 

choice of a suitable internal standard for quantification purpose etc. Such information 

may be already available in the literature for the analyte or related compounds.

This is followed by optimization and preliminary evaluation of the method. 

Optimization criteria must be determined with cognizance of the goals common to 

any new method. Initial analytical parameters of merit like sensitivity (measured as 

response per amount injected), limit of detection, limit of quantitaion and linearity of
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calibration plots are to be determined. As a precautionary measure, it is important that 

method development be performed using only the analytical standards that are highly 

pure and have been well identified and characterized and whose purity is known.

During the optimization stage, the initial sets of conditions that have 

evolved from the first stages of development are improved or optimized in terms of 

resolution, peak shape, plate counts, peak asymmetry, capacity, elution time, detection 

limits, limit of quantitation and overall ability to quantify the specific analyte of 

interest. Results obtained during optimization must be evaluated against the goals of 

the analysis set forth by the analytical figures of merit. This evaluation reveals if 

additional improvement and optimization are needed to meet the initial method 

requirements.

Optimization of the method should yield maximum sensitivity, good peak 

symmetry, minimum detection and quantitation levels, a wide linearity range, and a 

high degree of accuracy and precision. Other potential optimization goals include 

baseline resolution of the analyte of interest from other sample components, unique 

peak identification, and on-line demonstration of purity and interfacing of 

computerized data for routine sample analyses. Absolute quantitation should use 

simplified method that requires minimal sample handling and analysis time.

Optimization of the method may follow either manual or computer driven 

approaches. The manual approach involves varying one experimental condition at a 

time, while holding all others constant and evaluating the changes in response. 

The variables might include flow rate, mobile or stationary phase composition,
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temperature, detection wavelength and pH. This univariate approach of system 

optimization is usually time consuming and expensive. However, it may provide a 

much better understanding of the principle involved and of the interaction of the 

variables. In computer driven automated method development, efficiency is optimized 

while experimental input is minimized. This approach can be applied to many types of 

methods. It significantly reduces the time of analysis, energy, and cost of analysis. 

Systematic approach for chromatographic separation of pharmaceutical 

compounds

The first step in the method development is to characterize the drug whether it 

is regular or special. The regular compounds are those that are neutral or ionic. 

The inorganic ions, bio-molecules, carbohydrates, isomers, enantiomers and synthetic 

polymers, etc are called special compounds. The selection of initial conditions for 

regular compounds depends on the sample type.

The column and Flow rate

To avoid problems from irreproducible sample retention during method 

development, it is important that columns be stable and reproducible. A C8 or Ci8 

column made from specially purified less acidic silica and designed specifically for 

the separation of basic compounds is generally suitable for all samples and is strongly 

recommended. If temperatures >50° c are used at low pH, sterically protected bonded 

phase column packing are preferred. The column should provide reasonable 

resolution in initial experiments, short run times, and an acceptable pressure drop for 

different mobile phases. A 5p, 150 x 4.6 mm column with a flow rate of 2 mL/min is
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good for different mobile phases as initial choice. These conditions provide 

reasonable plate number (N=8000), a run time of <15 min for a capacity factor k<20 

and a maximum pressure drop <2500 psi for any mobile phase made from mixtures of 

water, acetonitrile and/or methanol.

The mobile phase

The preferred organic solvent for the mobile phase mixture is acetonitrile 

(ACN) because of its favorable UV transmittance and low viscosity. However, 

Methanol (MeOH) is a reasonable alternative. Amine modifiers like tetra hydro furan 

(IHF) are less desirable because they may require longer column equilibration times, 

which can be a problem in method development and routine use of the method. They 

may occasionally introduce additional problems like erratic base line and poor peak 

shape. However, some samples may require the use of amine modifiers when poor 

peak shapes or low plate number are encountered.

The pH of the mobile phase should be selected with two important 

considerations. A low pH that protonates column silanols and reduces their 

chromatographic activity is generally preferred. A low pH (<3) is usually quite 

different from the pKa values of common acidic and basic functional groups. 

Therefore, at low pH the retention of these compounds will be more rugged. For 

columns that are stable at low pH, a pH of 2 to 2.5 is recommended. For less stable 

columns, a pH of 3.0 is a better choice.
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Separation temperature

Mostly the temperature controllers operate best above ambient (>30°C). Higher 

temperature operation also gives lower operating pressures and higher plate numbers, 

because of decrease in mobile phase viscosity. A temperature of 35-40°C is usually a 

good starting point. However, ambient temperature is required if the method will be 

used in laboratories that lack column thermostating.

Sample size

Initially, a 25-50 pL injection (25-50pg) can be used for maximum detection 

sensitivity. Smaller injection volumes are required for column diameters of below 

4.5mm and / or particles smaller than 5pm. The samples should be dissolved initially 

in water (1 mg/mL) or dilute solution of acetonitrile in water. For the final method 

development stage, die best sample solvent is the mobile phase. The samples which 

can not be dissolved in water or the mobile phase should be dissolved initially in 

either acetonitrile or methanol and then diluted with water or mobile phase before 

injection.

Equilibration of the column with the mobile phase

The analytical column is completely equilibrated with the mobile phase before 

injecting the sample for analysis and retention data are collected for interpretation. 

This is done for ensuring accurate retention data. Equilibration is required whenever 

the column, mobile phase or temperature is changed during method development; 

usually by flow rate of at least 10 column volumes of the new mobile phase before the
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first injection. Some mobile phases may require a much larger column equilibration 

time (e.g. mobile phases that contain Tetrahydrofuran, amine modifiers such as 

triethylamine and tetra butyl amine and any ion pair reagent).

Column equilibration and reproducible data can be confirmed by first washing 

the column with atleast 10 column volumes of the new mobile phase before injecting 

the sample and then a second washing with atleast five column volumes of the new 

mobile phase and reinjection of the sample. If the column is equilibrated, the retention 

times should not change by more than 0.02 min between the two runs.

Column performance

The following values are used to assess overall system performance

1. Relative Retention

2. Theoretical Plates

3. Capacity Factor

4. Resolution

5. Peak Tailing Factor

6. Plates per metre

The chromatographic peak shape and plate number are calculated to assess the 

column performance. The asymmetry factor As should fall between 0.9 - 10.5 and 

number of theoretical plates should be >4000 for a 15 cm; 5 pm column at a flow rate 

of 2 mL / min. The number of theoretical plates for well packed HPLC columns under 

optimized test conditions is given in the Table. 1.2.
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Table 1.2: Number of theoretical plates for well packed HPLC columns

Particle
dianieter(pm)

Column length 
(cm)

Plate number 
(n)

10 15 6000-7000

10 25 8000-10000

5 10 7000-9000

5 15 10000-12000

5 25 17000-20000

3 5 6000-7000

3 7.5 9000-11000

3 10 12000-14000

3 15 17000-20000

Evaluating peak shape and plate number

The requirements for a given separation usually determine the type and 

configuration of the column to be used. There are different suppliers for a given type 

of column. These columns vary generally in performance. Therefore certain 

information concerning column specifications and performance is needed for use in 

method development and their routine performance.

The column plate number (n) is an important characteristic of a column and ‘n’ 

signifies the ability of the column to produce sharp, narrow peaks for achieving good 

resolution of band pairs with small a values. The Table 1.2 shows the typical plate 

numbers (small, neutral sample molecules) for well packed HPLC columns of various

23



lengths and practical sizes. A 15 or 25 cm column of 5 p particles are preferred as a 

starting point for method development. This configuration provides a large enough N 

value for most separations and such columns are quite reliable. A column which gives 

large N value can easily recognize closely overlapping peaks. Short columns of 3 p 

particles are useful for carrying out very fast separation (< 5 min). But these columns 

are less used because they are more susceptible to sampling problems, more operators 

dependent and more affected by band broadening.

Peak asymmetry and peak tailing

Columns and experimental conditions that provide symmetrical peaks always 

preferred. Peaks with poor symmetry can result in inaccurate plate number and 

resolution measurement, imprecise quantitaion, degraded resolution, poor retention 

reproducibility.

Peak shape is measured in terms of peak asymmetry factor (As) and peak 

tailing factor (PTF). Peak asymmetry factor (As) is measured at 10% of full peak 

height. Good columns produce with As values of 0.95 to 1.1. For accurate 

measurement of symmetry, bands should be measured with a magnified time scale 

because asymmetrical bands also often appear symmetrical when observed in a 

compressed chromatogram.

Retention

The time between the sample injection point and the analyte reaching the 

column is called the retention, tR.

24



Capacity factor k'

It measures how many times the analyte is retained to an unretained component.

k’^/t*)-!

A k' value zero means that the compound is not retained and elutes with the 

solvent front. A k value of 1 means that the component is slightly retained by the 

column while k' value of 20 means that component is highly retained and spends 

much time in interacting with the stationary phase.

Selectivity, a

Separation between two components is only possible if they have different 

migration rates through column. Selectivity or separation factor is a measure of 

differential retention of two analytes. It is defined as the ratio of the capacity factors 

(k') of two peaks.

a = (t2-ta)/(ti-ta)

Column efficiency (n) or number of theoretical plates

The term plate number ‘n’ is a quantitative measure of the efficiency of the 

column and is related to the ratio of the retention time and the standard deviation of 

the peak width’a’. Since it is difficult to measure ‘a’ or Width at base of the peak), a 

relationship using width at half height or Wm is often used to calculate ‘n’ as 

described in the USP.

n = 16 (t / W) 2

Height Equivalent of a Theoretical Plate (HETP) or Plate Height (H)

HETP = L/n
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Resolution, R

It is the degree of separation of two adjacent peaks and is defined as the 

difference in retention times of the two peaks divided by the average peak width. As 

the peak width of adjacent peaks tends to be similar, the average peak width can be 

equal to the width of one of the two peaks.

R = 2(t2-t1)/(W2 + W1)
Tailing factor, T

It is a measure of peak asymmetry. It is given by the equation

T = Wo.es/2f

Tailing factor for most peaks should fall between 0.9 and 1.4 with a value of 

1.0 indicating a perfectly symmetrical peak.

Formulae for calculating the different system performance parameters are 

given in Table 1.3.

Table: 1.3. Formulae for different system performance parameters

Parameter Formula
Relative retention (selectivity) a = (t2-ta) / (tl-ta)

Capacity factor k’ = (t2 / 0 -1

Tailing factor T = Wo.os / 2f

Resolution R = 2(t2-t1)/(W2 + W1)

Theoretical plates n= 16 (t/W) 2

HETP L/n
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Where, a = relative retention

t2 = retention time of the second peak measured from the point of injection 

11 = retention time of the first peak measured from the point of injection 

tg = retention time of the inert peak not retained by the column measured 

from the point of injection 

n = theoretical plates 

t = retention time of the component

W = Width of the base of the component peak using tangent method, 

k' = Capacity factor.

R = Resolution between a peak of interest (peak 2) and the peak preceding 

it (peak 1)

W2 = Width of the base of component peak 2.

Wi = Width of the base of component peak 1.

T = Peak asymmetry, or tailing factor.

W0.05=Distance from the leading edge to the tailing edge of the peak, 

measured at a point 0.5 % of the peak height from the baseline, 

f = Distance from the peak maximum to the leading edge of the peak.

N = Plates per meter.

L = Column length, in meters.

4. METHOD VALIDATION

Validation is the process of ensuring that a test procedure performs within 

acceptable standards of reliability, accuracy and precision for its intended purpose. It 

is the act of conforming that a method does what it is intended to do.
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It is difficult to completely separate method development and optimization 

from validation; these areas often overlap. In the validation stage, an attempt should 

be made to demonstrate that the method works with samples of the given analyte, at 

the expected concentration in the matrix, with a high degree of accuracy and 

precision. Complete method validation can occur only after the method is developed 

and optimized. In validation studies, suitability of the final method for the given 

analyte and a selection of sample matrix is demonstrated, using specified 

instrumentation, samples, and data handling: ultimately, the method can be transferred 

from one laboratory to another that is suitably equipped and staffed. A method that 

provides all or most of the original method requirements is deemed optimized and 

becomes ready for validation.

There is no single validation approach that must always be employed for a new 

method; the analyst’s primary concern should be to select an approach that will prove 

to be a true validation. Acceptance of any new method by others in the field will 

depend on the specific validation approaches used. It is the responsibility of the 

individual analyst to select the correct validation method(s). Validation approaches 

include the Zero-, Single-, and Double-blind spiking methods; inter-laboratory 

collaborative studies; and comparison with a currently accepted (compendium) 

method.

The Zero-blind method

The Zero-blind approach involves a single analyst using the method with 

samples at known levels of analyte to demonstrate recovery, accuracy, and precision.
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The method is subject to analyst bias, and though the method is, in general, fast, 

simple and useful, it leads to subjective results and doubt on the part of the unbiased 

reviewer or end user. However, as a first approximation and a demonstration of 

validation potential requiring minimal time, manpower, samples, and cost, a Zero- 

blind study is a good place to start the overall validation process. Clearly, if this 

approach fails to validate a method, then there is no reason to proceed with further 

validation of the method.

The Single-blind method

The Single-blind approach involves one analyst preparing samples at 

varying levels unknown to a second analyst, who also analyses the samples. The 

results are then compiled and compared by the first analyst. Although this approach is 

unbiased at the start, it loses its blindness at the most crucial stage when both sets of 

data are compared. While perhaps more valuable and believable than the Zero-blind 

approach, the Single-blind approach still invites bias on the part of the first analyst to 

bring two sets of data into better agreement. This approach is appropriate at the very 

start of the method validation, after the Single-blind approach has proven successful, 

but before one decides to involve additional analysts or management.

The Double-blind Method

The Double-blind approach involves three analysts. The first analyst 

prepares samples at known levels, the second does the actual analysis, and the third 

analyst (or administrator) compares both sets of data received separately from the first 

two analysts. Neither the first nor the second analyst has access to the set of data
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generated by the other. This double-blind approach is the most objective approach, 

assuming no bias on the part of the third analyst.

The Analysis of standard Reference Materials

The analysis of a standard reference material (SRM) or an authenticated 

sample is a generally accepted method of validation. The USP, NIST, and other, 

private organizations specialize in preparing, guaranteeing, and marketing standard 

reference materials of various analyte species in different sample matrices. It may be 

necessary, however, to contract the preparation of a unique sample in a particular 

matrix in order to utilize this procedure for method validation. When using SRMs, the 

analyst must demonstrate that the method provides accurate and precise 

measurements of the analyte in a particular sample matrix. Analyst bias can also be an 

issue, especially when the analyst knows the amounts and levels of the SRM.

The Inter- laboratory collaborative study

The inter-laboratory collaborative study is perhaps the most widely accepted 

procedure to validate any new analytical method, but it suffers from serious practical 

drawbacks. The collaborative approach is costly and time consuming; it can take 

years from start to finish. During that time, the analysts may have to expend 

considerable effort coordinating the process, shipping samples and receiving results, 

statistically analyzing and interpreting the results, and then finally interpreting and 

verifying the data. Although the approach is operator dependent (generating 

laboratory-to-laboratory variability), when all laboratories involved come up with 

over-lapping quantitative values in comparison with known levels present, the method
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is generally accepted as full validation. This approach is rarely employed when a 

method is being described for the first time in the literature 

Comparison with a currently accepted method

Comparison with a currently accepted analytical method is yet another 

validation approach. This is usually done by a single analyst, but it can be done by 

two analysts using a split sample. This approach uses results from the currently 

accepted method as verification of the new method’s results. Agreement between 

results initially suggests validation. Disagreement is a serious cause for concern of 

future acceptability of the new method. However, disagreement could also suggest 

that the currently accepted method is invalid, creating additional problems. If the 

analyst can prove that the currently accepted method is indeed invalid, the analyst 

must then initiate an alternative approach to validate the new method.

The question will eventually arise as to how many samples should be analysed 

in any validation approach. Ideally, the method should be validated for the analyte 

using several samples, different sample types, with several of each type determined 

separately for statistical and validation purposes. A Single, Zero- blind or a Single

blind study is obviously less meaningful and less acceptable than an inter-laboratory 

collaborative, true Double-blind study of several sample matrices at widely different 

concentration levels. Initial validation approaches are generally less rigorous and 

demanding than one’s performed standard reference material (SRM) development.

Assay procedures are intended to measure the analyte present in a given 

sample. In the context of this document, the assay represents a quantitative
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measurement of the major components) in the drug substance. For the drug product 

similar validation characteristics also apply when assaying for the active or other 

selective components). The same validation characteristics may also apply to assays 

associated with other analytical procedures (e.g. Dissolution).

5. VALIDATION OF ASSAY METHODS

Reliable analytical methods are required to comply with national and 

international regulations in all the areas of analysis. It is accordingly internationally 

recognized that a laboratory must take appropriate measures to ensure that it is 

capable of providing and does provide data of the required quality. Method validation 

is therefore an essential component of the measures that a laboratory should 

implement to allow it to produce reliable analytical data [20]. A number of protocols 

and guidelines [21-30] on method validation and uncertainty have been prepared, 

most notably in Association of Official Analytical Chemists (AOAC) international, 

International Conference on Harmonization (ICH), Pharmacopoeias and Eurachem 

documents.

Method validation makes use of a set of tests based on the analytical method 

to establish and document the performance characteristics of the method and to 

demonstrate whether the method is fit for particular analytical purpose. Typical 

performance characteristics of LC methods are specificity, selectivity, precision, 

linearity, robustness, recovery, range, limit of quantification, limit of detection, and 

ruggedness. Validation should refer to an “analytical system” (system precision) 

rather than an “analytical method” (method precision), the analytical system
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comprising a defined method protocol, a defined concentration range for the analyte, 

and a specified type of test material. The method validation protocol will be prepared 

by referring the analytical system as a whole and analytical procedure.

The guidelines [31-35] recommended that the validation parameters must be carried 

for compendial methods are specificity of the procedure, stability of the sample 

solution and intermediate precision. The non-compendial methods should be validated 

for accuracy, precision (repeatability and intermediate precision), specificity, 

detection limit, quantification limit, linearity, range and robustness based on the type 

of the test procedure.

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.

> For chromatographic procedures, representative chromatograms should be used 

to demonstrate specificity and individual components should be appropriately 

labeled.

> For SIAMs, this should be including samples stored under relevant stress 

conditions: light, heat, humidity, acid/base hydrolysis and oxidation.

> An investigation of specificity should be conducted during the validation of the 

methods for determination of impurities and the assay. For the assay, the two 

(reference and sample) results should be compared and peak purity tests may 

be useful to show that the analyte chromatographic peak is not attributable to 

more than one component (e.g., diode array, mass spectrometiy).
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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 should be established across the specified range of the analytical procedure.

> Accuracy of impurities (quantitation) should be assessed on samples (drug 

substance/drug product) spiked with known amounts of impurities in cases 

where it is impossible to obtain samples of certain impurities and/or 

degradation products, it is considered acceptable to compare results obtained 

by an independent procedure.

> The response factor of the drug substance can be used. It should be clear how 

the individual or total impurities are to be determined 

e.g. weight/weight or area percent, in all cases with respect to the major 

analyte.

> Accuracy should be assessed using a minimum of 9 determinations over a 

minimum of 3 concentrations levels covering the specified range 

(e.g. 3 concentrations /3 replicates each of the total analytical procedure).

> Accuracy should be reported as percent recovery by the assay of known added 

amount of analyte in the sample or as the difference between the mean and the 

accepted true value together with the confidence intervals
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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.

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

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

> Repeatability is also termed intra-assay precision. Repeatability should be 

assessed using a minimum of 6 determinations at 100% of the test 

concentration.

> Intermediate precision expresses within- laboratories variations: different days, 

different analysts, different equipments, etc.

> Reproducibility expresses the precision between laboratories (collaborative 

studies, usually applied to standardization of methodology).

> Validation of tests for assay and for quantitative determination of impurities 

includes an investigation of precision.

> The standard deviation, relative standard deviation (coefficient of variation) 

and confidence interval should be reported for each type of precision 

investigated.

LOD and LOQ: 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. The detection limit is determined by the analysis of
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samples with known concentrations of analyte and by establishing the minimum level 

at which the analyte can be reliably detected. 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 samples matrices, 

and is used particularly for the determination of impurities and/or degradation 

products.

> LOD and LOQ can be determined based on the standard deviation of the 

response and the slope. The slop ‘S’ may be estimated from the calibration 

curve of the analyte.

> The estimate of ‘o’ may be carried out based on the calibration curve that 

should be studied using samples containing an analyte in the range of 

detection limit (LOD) and quantitation limit (LOQ). The residual standard 

deviation of a regression line or the standard deviation of Y-intercepts of 

regression lines may be used as the standard deviation.

> The LOD may be expressed as:

LOD
3.3c

> The LOQ may be expressed as:

10CT
LOQ = ——

Where c = Standard deviation of the response and S = Slope of the calibration curve
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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. A linear relationship should be evaluated across the range of 

the analytical procedure. It may be demonstrated directly on the drug substance (by 

dilution of a standard stock solution) and/or separate weighings of synthetic mixtures 

of the drug product components, using the proposed procedure. For the establishment 

of linearity, a minimum of 5 concentrations are recommended. The correlation 

coefficient, Y-intercept, slope of the regression line and residual sum of squares 

should be calculated.

Range: The range of an analytical procedure is the interval between the upper and 

lower concentration (amounts) of analyte in the sample (include these concentrations) 

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 procedure is a measure of its capacity to 

remain unaffected by small, but deliberate variations in method parameters and 

provides an indication of its reliability during normal usage.

> The evaluation of robustness should be considered during the development 

phase and depends on the type of procedure-under study. It should show 

the reliability of an analysis with respect to deliberate variations in method 

parameters.

37



> If measurements are susceptible to variations in analytical conditions, the 

analytical conditions should be suitably controlled or a precautionary 

statement should be included in the procedure.

> One consequence of the evaluation of robustness should be that a series of 

system suitability parameters (e.g. resolution test) is established to ensure 

that the validity of the analytical procedure is maintained whenever used. In 

the case of liquid chromatography, examples of typical variations are 

influence of variations of pH in a mobile phase; influence of variations in 

mobile phase composition; different columns (different lots and/or 

suppliers); temperature; flow rate.

System suitability or performance testing for LC system

System suitability testing is an integral part of the LC methods. The tests are 

based on the concept that the equipment, electronics, analytical operations and 

samples to be analysed constitute an integral system that can be evaluated as such. 

The parameters like Resolution (R), Number of theoretical plates (n), Tailing factor 

(T) and system precision (%RSD) to be evaluated to confirm the chromatographic 

system is adequate for the analysis to be done.

> The resolution ‘R’ is a function of column efficiency and is specified to ensure 

that closely eluting compounds are resolved from each other, to establish the 

general resolving power of the system, and to ensure that internal standards are 

resolved from the drug. For the separation of the two components in a mixture, 

R is calculated by the following equation:
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2 (t2-ti)
W2 +WjR =

Where, t2 and ti are the retention times of ths two components and Wj and W2 

are the corresponding widths at the bases of the peaks obtained by 

extrapolating the relatively straight side of the peaks to the base line.

> The number of theoretical plates n, is the measure of the column efficiency 

(column efficiency is a measure of peak sharpness, which is important for the 

detection of trace components). For Gaussian peaks, n is calculated by the 

equation:

n = 16(tAV)2

Where, ‘t’ is the retention time and ‘ W’ is ths width of the peak at its base. The 

value of n depends upon the substance being chromatographed as well as 

operating conditions such as mobile phase, temperature and the quality of the 

packing and uniformity of the packing within the column.

> The tailing factor, T a measure of peak symmetry is unity for perfectly 

symmetrical peaks and its value increases as tailing becomes more 

pronounced. The tailing factor T is determined by the equation:

rp — Q.Q5

2/

W o.o5 is the width of the peak at 5 % peak height and/is the distance from the 

peak maximum to the leading edge of the peak the distance being measured at 

a point 5% of the peak height from the base line.

39



> Replicate injections of a standard preparation used in the assay or other 

standard solutions are compared to ascertain whether requirements for 

precision are met. The data from 5 replicate injections of the analyte are used 

to calculate the relative standard deviation (JRSD), if the requirement is 2.0% or 

less. The relative standard deviation in % is calculated by the equation:

% RSD = Standard Deviation s 10#

Mean
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1. DRUG PROFILE

Lamotrigine [Figure 2.1], a phenyltriazine compound, is an antiepileptic used 

mainly for monotherapy or adjunctive treatment of partial seizures and primaiy and 

secondarily generalised tonic-clonic seizures. It may be used for seizures associated 

with Lennox - Gastaut syndrome and for the maintenance treatment of bipolar 

disorder [1]. It also tends to reduce neuronal cell death in ischemia [2]. It also appears 

to be effective in myoclonic seizures in children. It directly blocks voltage sensitive 

Na+ channels and thus stabilises the presynaptic membrane and prevents the release of 

excitatory neurotransmitters namely glutamate and aspartate [3].

Figure 2.1: Molecular structure of Lamotrigine

Molecular formula 

Molecular weight 

Chemical name 

Solubility

C9H7C12N5

256.1

6-(2,3-Dichlorophenyl)-l,2,4-triazine-3,5-diyldiamine. 

Lamotrigine is very slightly soluble in water and slightly 

soluble in 0.1MHC1.
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Table 2.1: List of brand names of formulations of Lamotrigine [4]

S. No. Brand name Formulation Available
strength

Address of 
manufacturer

1 EPITIC Tablet
25mg
50mg
lOOmg

Psyco Remedies, 
Ludhiana.

2 LAMEPIL Tablet
25mg
50mg
lOOmg

IPCA Laboratories 
Limited, Mumbai.

3 LAMITOROD Tablet
50mg
lOOmg
200mg

Torrent Pharmaceuticals 
Limited, Ahmedabad

4 LAMORIG Tablet
25mg
50mg
lOOmg

Unichem Laboratories 
Limited, Mumbai.

2. LITERATURE SURVEY

A few analytical methods have been reported for the determination of 

Lamotrigine in pure drug, pharmaceutical dosage forms and biological samples using 

spectrophotometry [5-8], spectrofluorimetry [9], liquid chromatography [10-36], 

capillary electrophoresis [37], planar chromatography [38], gas chromatography 

[39,40] and voltammetry [41].

Alizadeh et al [6] developed spectrophotometric methods for the determination 

of Lamotrigine in pharmaceutical dosage forms and urine samples, which were based 

on the formation of the charge transfer complex between Lamotrigine and the 

bromocresol green, bromocresol purple and chlorophenol red. These methods obeyed 

Beer’s law in the concentration ranges of 0.15 - 19.8pg/mL, 0.15 - 19.8pg/mL and 

0.05 - 34.1pg/mL for chlorophenol red, bromocresol purple and bromocresol green
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respectively. Talekar et al [7] proposed a UV spectrophotometric method for the 

determination of Lamotrigine in bulk and in dosage form. In this method, Lamotrigine 

showed maximum absorbance at 305 nm and the method obeyed Beer’s law in the 

concentration range of 2 - 50pg/mL. Rajput et al [8] developed a method for the 

estimation of Lamotrigine in bulk and in their tablet formulations, which is based on 

the difference spectroscopy and reported that this method was obeyed Beer’s law in 

the concentration range of 5 - 35 ug/mL.

Nahed et al [9] reported a spectrofluorimetric method for determination of 

Lamotrigine in pharmaceutical formulations and biological fluids. This method was 

based on reaction of Lamotrigine with o-phthalaldehyde in presence of 

2-mereaptoethanol in borate buffer of pH 9.8 to yield a highly fluorescent derivative, 

which is measured at 448 nm after excitation at 337 nm. The linearity concentration 

was 0.1 - l.Opg/mL with LOD of 0.02|j,g/mL and LOQ of 0.06pg/mL.

A validated HPLC method for determination of Lamotrigine and its related 

substances in solid pharmaceutical dosage forms was developed by Emami et al [15]. 

In this method, the separation was made on a Ci8 mu-Bondapack column using a 

mobile phase of acetonitrile and monobasic potassium phosphate solution in the ratio 

of 35:65 v/v containing orthophosphoric acid to adjust the pH to 3.5 at a flow rate of 

1.5mL/min and eluents were monitored at 210 nm with UV detector.

Dreassi et al [38] developed a method using planar chromatography for 

determining Lamotrigine in human plasma and tablets. In this method, Lamotrigine 

was extracted with acetonitrile in the presence of sodium carbonate and 3,5-diamino-
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5-(2-methoxyphenyl)-l,2,4-triazine was used as internal standard. They found that the 

limit of detection and recoveries were 0.27pg/mL and 91.3 ± 3.4% respectively.

Burgoa et al [41] used voltammetry for determination of Lamotrigine in 

pharmaceutical preparations. They developed method by differential pulse adsorptive 

stripping voltammetry using carbon-screen printed electrodes modified with silver 

nanoparticles and showed %RSD of precision was 2.58.

3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

quantitative estimation of Lamotrigine using an isocratic Agilent LC 1100 series 

HPLC instrument with a hypersil BDS Ci8 column (250 mm x 4.6 mm, 5p). The 

instrument is equipped with a binary pump and variable wavelength UV-Visible 

detector. A 20 pL Hamilton syringe was used for injecting the samples. Data was 

analysed by using Chemstation software. Elico SL 159 UV-Visible 

spectrophotometer was used for spectral studies. Degassing of the mobile phase was 

done by using a Loba ultrasonic bath sonicator. A Shimadzu balance was used for 

weighing the materials.

3.2. Chemicals and Solvents

The reference sample of Lamotrigine (API) was obtained from Hetero Drugs 

Limited, Hyderabad. The branded formulation of Lamotrigine tablets (Lamitor OD 

tablets containing 200 mg of Lamotrigine) were procured from the local market.
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Acetonitrile, Methanol, Water, Triethylamine and orthophosphoric acid used were of 

HPLC grade and purchased from Merck Specialities Private Limited, Mumbai, India.

3.3. The buffer solution

About 3.0 mL of orthophosphoric acid was diluted to 1000 mL with water. 

This solution was mixed and pH was adjusted to 2.0 with triethylamine and filtered 

through 0.45p nylon filter.

3.4. The mobile phase

A mixture of above buffer (pH 2.0), acetonitrile and methanol in the ratio of 

40:50:10 v/v was prepared and used as the mobile phase.

3.5. Standard solution of the drug

About 25 mg of Lamotrigine standard was weighed and transferred into a 25 

mL volumetric flask containing 20 mL of the mobile phase. The solution was 

sonicated for 5 min and then volume was made up with a further quantity of the 

mobile phase to get a concentration of lmg/mL solution. 5.0 mL of this solution was 

further diluted to 50 mL with the mobile phase to get a concentration of 

lOOpg/mL.

3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 50 mg of Lamotrigine was transferred to a 50 

mL volumetric flask containing 20mL of the mobile phase. The contents of the flask 

were sonicated for about 10 min for complete solubility of the drug and volume made 

up with further quantity of the mobile phase. Then this mixture was filtered through
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Whatman No.41 filter paper. 5.0 mL of this filtrate was further diluted to 50 mL with 

mobile phase.

4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by varying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

purpose.

4.1. Detection wavelength

The spectra of diluted solutions of the Lamotrigine in methanol were recorded 

on UV spectrophotometer. The peaks of maximum absorbance wavelengths were 

observed. The spectra of the Lamotrigine showed that a balanced wavelength was 

found to be 225 nm.

4.2. Choice of stationary phase

Preliminary development trials have performed with octadecyl columns with 

different types, configurations and from different manufacturers. Finally the expected 

separation and shapes of peak was succeeded in Hypersil BDS column.

4.3. Selection of,the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.
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To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as the mobile phases on a Qg stationary phase. A 

mixture of buffer (pH 2.0), acetonitrile and methanol in the ratio of 40:50:10 v/v/v 

was proved to be the most suitable of all the combinations since the chromatographic 

peaks obtained were better defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 mL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the 

maximum saving on the usage of solvents. It was found from the experiments that 1.0 

mL/min flow rate was ideal for the successful elution of the analyte.

4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above are shown in Table 2.2. These 

optimized conditions were followed for the determination of Lamotrigine in bulk 

samples and its tablet formulations. The chromatograms of standard and sample are 

shown in Figure 2.2 and Figure 2.3.
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Table 2.2: Optimized chromatographic conditions for estimation of Lamotrigine in

tablet dosage form

Mobile phase : Buffer:Acetonitrile:Methanol = 40:50:10 v/v/v

Pump mode : Isocratic

Buffer : 0.3% ortho phosphoric acid

pH of Buffer : 2.0 ± 0.05

Diluent : The mobile phase

Column :Hypersil BDS Qg, 250mm x 4.6 mm, 5.0p

Column Temp : Ambient

Wavelength : 225 nm

Injection Volume : 20 pi

Flow rate : 1.0 mL/min

Run time : 10 min

Typical tR : 4.474 min
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Figure 2.2: Chromatogram of Lamotrigine standard

Figure 2.3: Chromatogram of Lamotrigine sample (tablet)
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5. VALIDATION OF THE PROPOSED METHOD

The proposed method was validated as per ICH [42] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention time 

of standard and sample of Lamotrigine. The specificity results are shown in Table 2.3.

Table 2.3: Specificity study

Name of solution Retention time 
(min)

Blank No peaks

Lamotrigine standard M74

Lamotrigine sample 4.473

5.2. Linearity

Linearity was performed by preparing standard solutions of Lamotrigine at 

different concentration levels including working concentration mentioned in 

experimental condition i.e.100 pg/mL. Twenty microditres of each concentration was 

injected in duplicate into the HPLC system. The response was read at 225 nm and the 

corresponding chromatograms were recorded. From these chromatograms, the mean
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peak areas were calculated and a linearity plot of concentration over the mean peak 

area was constructed. The regression of the plot was computed by least square 

regression method. Linearity results are presented in Table 2.4 and linearity plot was 

shown in Figure 2.4.

Table 2.4: Linearity study

Level Concentration of 
Lamotrigine (pg/mL)

Mean peak area

Level -1 50 5182989

Level -2 80 8109868

Level -3 90 9183314

Level -4 100 10098557

Level -5 110 11069785

Level -6 120 12048179

Level -7 150 14935949

Slope 99534.71

Intercept 119293.2

Correlation Coefficient 0.9998

Range: 50 to 150 % of target concentration (i.e. 50 to 150 pg/mL)
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Linearity plot of Lamolrigine
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Figure 2.4: Linearity plot of Lamotrigine

5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate standard solutions were injected. 

The percent relative standard deviation (% RSD) was calculated and it was found to 

be 0.05 which is well within the acceptable criteria Df not more than 2.0. Results of 

system precision study are shown in Table 2.5.
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Table 2.5: System precision

Injection number Area of Lamotrigine Acceptance criteria

1 10094962

%RSD of peak areas of

Lamotrigine should not

be more than 2.0

2 10099259

3 10088621

4 10089228

5 10096692

6 10098519

%RSD 0.05

5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablets of Lamotrigine and percent amount of Lamotrigine was calculated. The %RSD 

of the assay result of six preparations in method precision study for Lamotrigine was 

0.37, which is well within the acceptance criteria of not more than 2.0. The results 

obtained for assay of Lamotrigine are presented in Table 2.6.
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Table 2.6: Method precision

Preparation
number % Assay Mean %RSD

1 98.32

2 98.83

3 98.39
98.49 0.37

4 98.74

5 98.76

6 97.90

5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Lamotrigine and the percent amount of Lamotrigine was calculated. The 

%RSD of the assay result of six preparations in intermediate precision study for 

Lamotrigine was 0.16, which is well within the acceptance criteria of not more than 

2.0. The results of intermediate precision study are reported in Table 2.7.

58



Table 2.7: Intermediate precision

Preparation
number % Assay Mean %RSD

1 98.21

2 98.03

3 98.05
98.17 0.16

4 98.45

5 98.09

6 98.16

5.4. Accuracy

The accuracy of the method was determined by standard addition method. A 

known amount of standard drug was added to the fixed amount of pre-analyzed tablet 

solution. Percent recovery was calculated by comparing the area before and after the 

addition of the standard drug. The standard addition method was performed at 50%, 

100% and 150% level. The solutions were analyzed in triplicate at each level as per 

the proposed method. The percent recovery and % RSD at each level was calculated 

and results are presented in Table 2.8. Satisfactoiy recoveries ranging from 98.44 to 

101.50 were obtained by the proposed method. This indicates that the proposed 

method was accurate.
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Table 2.8: Recovery study

Level
Amount of 

Lamotrigine 
spiked (pg)

Amount of 
Lamotrigine 

recovered (pg)
% Recovery %RSD

50%

51.04 51.38 100.67

0.4550.68 51.44 101.50

50.78 51.50 101.42

100%

99.92 100.50 100.58

0.21100.34 100.56 100.22

100.40 100.62 100..22

150%

150.04 147.70 98.44

0.30149.16 147.68 99.01

149.78 147.70 98.61

Mean % recovery 100.07

Overall %RSD 1.14

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase, pH of the buffer and composition of the mobile phase. Samples of 

Lamotrigine at 100 pg/mL concentration were analyzed under these changed 

experimental conditions. It was observed that there were no marked changes in 

chromatograms, which demonstrated that the developed method was robust in nature. 

The results of robustness study are shown in Table 2.9.
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Table 2.9: Robustness study

Condition Mean area % assay % difference
Unaltered 9902052 98.32

Flow rate at 0.8 mL/min 10038858 99.05 0.73

Flow rate at l-2mL/min 10013434 99.02 0.70

Mobile phase:

• (Buffer(42):Acetonitrile(48): 10092323 99.14 0.82

Methanol(l 0))

• (Buffer(38):Acetonitrile(52): 10053639 98.87 0.55

Methanol(lO))

pH of buffer at 1.8 10046361 99.29 0.97

pH of buffer at 2.2 10034344 99.17 0.85

5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution. The system suitability parameters are given in 

Table 2.10.
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Table 2.10: System suitability

Parameter Tailing factor Theoretical plates

Specificity study 1.51 6064

Linearity study 1.54 6028

Precision study 1.50 6097

Robustness study

Flow rate at 0.8 mL/min 1.65 5423

Flow rate at 1.2 mL/min 1.32 6542

pH of buffer at 1.8 1.45 6134

pH of buffer at 2.2 1.41 6098

Mobile phase:

• (Buffer(42):Acetonitrile(48): 1.72 5198

Methanol(lO))

• (Buffer(38):Acetonitrile(52): 1.40 5890

Methanol(lO))

5.7. Limit of detection and Limit of quantification

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and
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precision. For this study, six replicates of the analyte at lowest concentration were 

measured and quantified. The LOD and LOQ of Lamotrigine are given in Table 2.11.

Table 2.11: LOD and LOQ of Lamotrigine

Parameter Measured value 
(pg/mL)

Limit of detection 0.11

Limit of quantification 0.35

5.8. Solution stability

To determine the stability of Lamotrigine in solution, the standard and 

sample solution were observed under room temperature. Any change in the retention 

time, peak shape and variation in response was compared to the pattern of 

chromatogram of freshly prepared solution. The solution stability results are shown in 

the Table 2.12.

Table 2.12: Solution stability of Lamotrigine

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 10037217 - Initial 9856538 “

12 10087778 0.50 12 9898969 0.43

24 10127174 0.90 24 9928359 0.73
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the analysis of Lamotrigine from tablet dosage forms. A 

non-polar C18 analytical chromatographic column was chosen as the stationary phase 

for the separation and determination of Lamotrigine. Mixtures of commonly used 

solvents like water, methanol and acetonitrile with or without buffers in different 

combinations were tested as mobile phases. The choice of the optimum composition 

is based on the chromatographic response factor, a good peak shape with minimum 

tailing. A mixture of buffer, acetonitrile and methanol in the ratio of 40:50:10 v/v/v 

was proved to be the most suitable of all the combinations since the chromatographic 

peak obtained was well defined, better resolved and almost free from tailing. The 

retention time of the drug was found at 4.474 min.

A good linear relationship (r = 0.9998) was observed between the 

concentration of Lamotrigine and the corresponding peak areas. The linearity was 

found satisfactory in the range 50- 150 pg/mL (Table 2.4). The regression equation 

of the linearity curve between concentration of Lamotrigine over its peak area was 

found to be Y = 99534.71X + 119293.2 (where Y is the peak area and X is the 

concentration of Lamotrigine in pg/mL). Precision of the method was studied by 

repeated injection of Lamotrigine tablet solution and results showed lower %RSD 

values (Table 2.5, 2.6 and 2.7). This reveals that the method is quite precise. The 

percent recoveries of the drug solutions were studied at three different concentration 

levels. The percent individual recovery and the %RSD at each level were found
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within the acceptable limits (Table 2.8). This indicates that the method is accurate. 

The absence of additional peaks in the chromatogram indicates non-interference of 

the commonly used excipients in the tablets and hence the method is specific.

The deliberate changes in the method have not much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 2.9). The system suitability studies were carried out to check various 

parameters such as theoretical plates and tailing factor (Table 2.10). The lowest values 

of LOD and LOQ as obtained by the proposed method indicate that the method is 

sensitive (Table 2.11). The solution stability studies indicate that the Lamotrigine 

drug was stable up to 24 hours (Table 2.12).

Therefore, the proposed method is simple, sensitive and rapid and can be used 

for routine quality control and analysis of Lamotrigine in bulk and its tablet dosage 

forms.
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i DEVEUSMENT AND VAUDA3I0N OFHHCMEIHOD

FORTHE ESITMAIION OF QUEIIAHNE FUMAEAH

INEOICSAMHEAND fflARMACElM^KSMULAIKW



1. DRUG PROFILE

Quetiapine fiimarate [Figure 3.1], is a dibenzothiazepine atypical 

antipsychotic. It is reported to have affinity for serotonin (5-HT2), histamine (Hi), and 

adrenergic (a! and a2) receptors as well as dopamine D! and D2 receptors. Quetiapine 

fiimarate is used in the treatment of schizophrenia and of bipolar disorder [1,2].

Figure 3.1: Molecular structure of Quetiapine fiimarate 

Molecular formula : (C2iH25N302S)2, C4H4O4

883.11

: 2-[2-(4-Dibenzo[b,f] [ 1,4]thiazepin-11 -yl-1 -

piperazinyl)ethoxy]ethanol fiimarate (2:1) salt 

Solubility : Quetiapine fiimarate is moderately soluble in water.

Molecular weight 

Chemical name
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Table 3.1: List of brand names of formulations of Quetiapine fumarate [3]

S. No. Brand
name Formulation Available

strength Address of manufacturer

1 PINCALM Tablet

25mg

50mg

lOOmg

200mg

Orchid chemicals &

pharmaceuticals limited,

Chennai.

2 PLACIDIN Tablet

25mg

lOOmg

200mg

Lupin laboratories limited,

Mumbai.

3 Q-MIND Tablet

25mg

lOOmg

200mg

300mg

Torrent Pharmaceuticals

Limited, Ahmedabad

4 SOCALM Tablet

25mg

lOOmg

200mg

Ranbaxy laboratories

limited, Gurgaon

2. LITERATURE SURVEY

A few analytical methods have been reported for the determination of 

Quetiapine fumarate in pure drug, pharmaceutical dosage forms and biological 

samples using spectrophotometry [4, 5], liquid chromatography [6-20], high 

performance thin layer chromatography [21, 22], gas chromatography [23], 

electrophoresis [24, 25] and polarography [26].

Bagade et al [4] developed a second order derivative spectrophotometric 

method for determination of Quetiapine fumarate in pharmaceutical formulations by
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measuring the 2D-values at 254.76 nm with 0.1N HC1 as background solvent. The 

linearity concentration was within the range of 10 to 30 pg/mL and %RSD for assay 

of 200 mg and 300 mg tablets were 0.2 and 0.16 respectively. Lakshmi et al [5] 

developed a UV spectrophotometric method for the determination of Quetiapine 

fumarate in pharmaceutical formulations at absorption maximum of 254.7 nm and 

reported Beer’s limit was 2-8 pg/mL. They found recovery amount was 99.64 - 

99.84%.

A stability indicating reversed phase high performance liquid chromatographic 

method was developed by Fathallal et al [17] for the determination of Quetiapine and 

analysis was carried out using a mixture of acetonitrile and 0.02M phosphate buffer 

(50:50), pH-5.5 at a flow rate of lmL/min on Zorbax SB phenyl column with UV 

detection at 254 nm. They showed linearity in the range of 0.08 - 20 pg/mL with 

LOD 0.03 pg/mL. Somaraju et al [19] reported an isocratic liquid chromatographic 

method for determination of related components in Quetiapine hemifumarate by UV 

detection at 225 nm in bulk active pharmaceutical ingredient. Vijaykumar et al [20] 

developed a RP-HPLC method for quantitative determination of Quetiapine fumarate 

in bulk and in its formulations. In this method, a Qg column with mobile phase 

consisting of methanol:water:triethylamine in the ratio of 73:27:0.4%v/v (pH 3) with 

detection wavelength of 289 nm at a flow rate of 1 mL/min was used. They reported 

that linearity was in the range of 100 - 300 pg/mL.

Dhandapani et al [22] developed HPTLC method for estimation of Quetiapine 

in bulk and tablet dosage forms. In this method, a chromatographic separation was
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carried out on precoated silica gel 60 F254 aluminium plates using mixture of methanol 

and toluene (4:3% v/v) as mobile phase and densitometric evaluation of spots were 

carried out at 235 nm using Camag TLC scanner3. They reported various validation 

parameters like linearity was in the range of 100 - 500 ng/spot, %RSD of intraday 

and interday precision was 0.53 - 0.78 and 0.53 - 1.62 respectively and accuracy was 

98.87±0.2.

Vincenzo et al [25] developed and compared capillary zone electrophoretic 

method and spctrophotometric method for estimation of Quetiapine in commercial 

formulations. In this method, they found linearity was 5-25pg/mL and 5-50pg/mL for 

spectrophotometric method and electrophotometric method respectively.

Nahed et al [26] studied voltammetrie behaviour of Quetiapine using direct 

current, differential pulse and alternating current polarography over the pH range of 

6 - 11.8 and found that at pH 8, the diffusion current concentration relationship was 

rectilinear over the range of 8 - 44 pg/mL and 4-44 pg/mL using direct current and 

differential pulse polarography modes respectively with a minimum LOD of 0.06 

jig/mL and 0.04 pg/mL using direct current and differential pulse polarography 

respectively.
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3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

quantitative estimation of Quetiapine fumarate using an isocratic Shimadzu 

prominence HPLC instrument on a Waters Xterra Cjg column (250 mm x 4.6 mm, 

5p). The instrument is equipped with a LC 20AT pump and variable wavelength 

programmable UV-Visible detector, SPD-20A. A 20 pL Hamilton syringe was used 

for injecting the samples. Data was analysed by using spinchrome software. Elico 

SL 159 UV-Visible spectrophotometer was used for spectral studies. Degassing of 

the mobile phase was done by using a Loba ultrasonic bath sonicator. A Shimadzu 

balance was used for weighing the materials.

3.2. Chemicals and Solvents

The reference sample of Quetiapine fumarate (API) was obtained from 

Ranbaxy laboratories limited, Gurgaon. The branded formulation of Quetiapine 

fumarate tablets (Socalm tablets containing 200 mg of Quetiapine fumarate) were 

procured from the local market. Acetonitrile, Water and ammonia solution used were 

of HPLC grade and ammonium formate AR grade were purchased from Merck 

Specialities Private Limited, Mumbai, India.

3.3. The buffer solution

About 3.15gm of ammonium formate was transferred into a 1000 mL 

volumetric flask containing 200 ml of water and the contents were sonicated for about 

5 minutes and the volume made upto 1000 mL with water. This solution was mixed

77



and pH was adjusted to 9.2 with ammonia solution and filtered through 0.45p nylon 

filter.

3.4. The mobile phase

A mixture of above buffer (pH 9.2) and acetonitrile in the ratio of 51:49 v/v 

was prepared and used as mobile phase.

3.5. Standard solution of the drug

About 50 mg of Quetiapine fumarate standard was weighed and transferred 

into a 50 mL volumetric flask containing 20 mL of mobile phase. The solution was 

sonicated for 15 min and then volume was made up with a further quantity of the 

mobile phase to get a concentration of 1 mg/mL solution. 10.0 mL of this solution 

was further diluted to 100 mL with mobile phase to get a concentration of lOOpg/mL.

3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 50 mg of Quetiapine fumarate was transferred to 

a 50 mL volumetric flask containing 20mL of the mobile phase. The contents of the 

flask were sonicated for about 15 min for complete solubility of the drug and volume 

made up with further quantity of mobile phase. Then this mixture was filtered through 

whatman No.41filter paper. 10.0 mL of this filtrate was further diluted to 100 mL 

with mobile phase.
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4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by vaiying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

purpose.

4.1. Detection wavelength

The spectra of diluted solutions of the Quetiapine fumarate were recorded on 

UV spectrophotometer. The peaks of maximum absorbance wavelengths were 

observed. The spectra of the Quetiapine fumarate showed that a balanced wavelength 

was found to be 254 nm.

4.2. Choice of stationary phase

Preliminary development trials have performed with octadecyl columns with 

different types, configurations and from different manufacturers. Finally the expected 

separation and shapes of peak was succeeded in waters Xterra column.

4.3. Selection of the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.

To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as mobile phases on a Ci8 stationary phase.
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A mixture of buffer (pH 9.2) and acetonitrile in the ratio of 51:49 v/v was proved to 

be the most suitable of all the combinations since the chromatographic peaks obtained 

were better defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 mL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the 

maximum saving on the usage of solvents. It was found from the experiments that 

1.0 mL/min flow rate was ideal for the successful elution of the analyte.

4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above were shown in Table 3.2. 

These optimized conditions were followed for the determination of Quetiapine 

fumarate in bulk samples and its tablet formulations. The chromatograms of standard 

and sample are shown in Figure 3.2 and Figure 3.3.
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Table 3.2: Optimized chromatographic conditions for estimation of Quetiapine

fumarate in tablet dosage form

Mobile phase : Buffer Acetonitrile =51:49 v/v

Pump mode : Isocratic

Buffer : 0.05M ammonium formate

pH of Buffer : 9.2 ± 0.05

Diluent : The mobile phase

Column rWaters Xterra Ci8; 250mm x 4.6 mm, 5.Op

Column Temp : Ambient

Wavelength : 254 nm

Injection Volume : 20 pi 

Flowrate : 1.0 mL/min

Run time : 10 min

Typical tR : 6.588 min
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Figure 3.2: Chromatogram of Quetiapine fumarate standard

Figure 3.3: Chromatogram of Quetiapine fumarate sample (tablet)

82



5. VALIDATION OF THE PROPOSED METHOD

The proposed method was validated as per ICH [27] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention time 

of standard and sample of Quetiapine fumarate. The specificity results were shown in 

Table 3.3.

Table 3.3: Specificity study

Name of solution Retention time 
(min)

Blank No peaks

Quetiapine fumarate standard 6.588

Quetiapine fumarate sample 6.596

5.2. Linearity

Linearity was performed by preparing standard solutions of Quetiapine 

fumarate at different concentration level including working concentration mentioned

in experimental condition i.e.100 pg/mL. Twenty microlitres of each concentration
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was injected in duplicate into the HPLC system. The response was read at 254 nm and 

the corresponding chromatograms were recorded. From these chromatograms, the 

mean peak areas were calculated and a linearity plot of concentration over the mean 

peak area wras constructed. The regression of the plot was computed by least square 

regression method. Linearity results are presented in Table 3.4 and linearity plot was 

shown in Figure 3.4.

Table 3.4: Linearity study

Level
Concentration of 

Quetiapine fumarate 
(pg/mL)

Mean peak area

Level -1 50 887.63501

Level -2 80 1405.99030

Level -3 90 1600.21838

Level -4 100 1777.25116

Level -5 110 1952.27930

Level -6 120 2130.48829

Level -7 150 2638.04126

Slope 17.65

Intercept 4.066

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 50 to 150 pg/mL)
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Figure 3.4: Linearity plot of Quetiapine fiimarate

5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate standard solutions were injected. 

The percent relative standard deviation (% RSD) was calculated and it was found to 

be 0.04 which is well within the acceptable criteria of not more than 2.0. Results of 

system precision study are shown in Table 3.5.
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Table 3.5: System precision

Injection number Area of
Quetiapine fumarate Acceptance criteria

1 1763.01123

%RSD of peak areas of

Quetiapine fumarate

should not be more than

2.0

2 1763.80933

3 1763.83484

4 1764.95569

5 1764.32336

6 1764.86292

%RSD 0.04

5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablets of Quetiapine fumarate and percent amount of Quetiapine fumarate was 

calculated. The %RSD of the assay result of six preparations in method precision 

study for Quetiapine fumarate was 0.87, which is well within the acceptance criteria 

of not more than 2.0. The results obtained for assay of Quetiapine fumarate are 

presented in Table 3.6.
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Table 3.6: Method precision

Preparation
number % Assay Mean %RSD

1 99.69

2 99.07

3 99.33
100.02 0.87

4 99.84

5 100.95

6 101.21

5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Quetiapine fumarate and the percent amount of Quetiapine fumarate was 

calculated. The %RSD of the assay result of six preparations in intermediate precision 

study for Quetiapine fumarate was 0.22, which is well within the acceptance criteria 

of not more than 2.0.The results of intermediate precision study are reported in Table 

3.7.
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Table 3.7: Intermediate precision

Preparation
number % Assay Mean %RSD

1 100.12

2 • 99.73

3 99.99
99.81 0.22

4 99.70

5 99.51

6 99.84

5.4. Accuracy

The accuracy of the method was determined by standard addition method. A 

known amount of standard drug was added to the fixed amount of pre-analyzed tablet 

solution. Percent recovery was calculated by comparing the area before and after the 

addition of the standard drug. The standard addition method was performed at 50%, 

100% and 150% level. The solutions were analyzed in triplicate at each level as per 

the proposed method. The percent recovery and % RSD at each level was calculated 

and results are presented in Table 3.8. Satisfactory recoveries ranging from 98.20 to 

100.51 were obtained by the proposed method. This indicates that the proposed 

method was accurate.
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Table 3.8: Recovery study

Level
Amount of 

Quetiapine fumarate 
spiked (pg)

Amount of 
Quetiapine fumarate 

recovered (pg)
% Recovery %RSD

50%

50 49.1 98.20

0.8850 49.2 98.40

49 48.9 99.80

100%

101 100.2 99.21

0.66100 100.0 100.00

99 99.5 100.51

150%

151 150.3 99.54

0.24152 150.6 99.08

150 149.1 99.40

Mean % recovery 99.35

Overall %RSD 0.74

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase and composition of the mobile phase. Samples of Quetiapine fumarate 

at 100 pg/mL concentration were analyzed under these changed experimental 

conditions. It was observed that there were no marked changes in chromatograms, 

which demonstrated that the developed method was robust in nature. The results of 

robustness study are shown in Table 3.9.
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Table 3.9: Robustness study

Condition Mean area % assay % difference

Unaltered 1719.97827 99.69 -

Flow rate at 0.8 mL/min 1725.69153 100.02 0.33

Flow rate at 1.2mL/min 1722.86987 99.86 0.17

Mobile phase:

• (Buffer(53):Acetonitrile(47)) 1724.28070 99.86 0.25

• (Buffer(49):Acetonitrile(51)) 1714.62030 99.94 0.35

5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution. The system suitability parameters are given in 

Table 3.10.
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Table 3.10: System suitability

Parameter Tailing factor Theoretical plates

Specificity study 1.22 10898

Linearity study 1.21 10922

Precision study 1.26 8819

Robustness study

Flow rate at 0.8 mL/min 1.23 9788

Flow rate at 1.2 mL/min 1.29 11327

Mobile phase:

• (Buffer(53):Acetonitrile(47)) 1.22 10744

• (Buffer(49): Acetonitrile(51)) 1.25 10692

5.7. Limit of detection and Limit of quantification

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and 

precision. For this study six replicates of the analyte at lowest concentration were 

measured and quantified. The LOD and LOQ of Quetiapine fumarate are given in 

Table 3.11.
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Table 3.11: LOD and LOQ of Quetiapine fumarate

Parameter Measured value 
(pg/mL)

Limit of detection 0.07

Limit of quantification 0.19

5.8. Solution stability

To determine the stability of Quetiapine fumarate in solution, the standard and 

sample solution were observed under room temperature. Any change in the retention 

time, peak shape and variation in response was compared to the pattern of 

chromatogram of freshly prepared solution. The solution stability results are shown in 

the Table 3.12.

Table 3.12: Solution stability of Quetiapine fumarate

Standard soluttion Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 1705.88642 - Initial 1721.58672 -

12 1701.29010 0.27 12 1713.62101 0.46

24 1698.20856 0.15 24 1720.69031 0.05
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the analysis of Quetiapine fumarate from tablet dosage 

forms. A non-polar Ci8 analytical chromatographic column was chosen as the 

stationary phase for the separation and determination of Quetiapine fumarate. 

Mixtures of commonly used solvents like water, methanol and acetonitrile with or 

without buffers in different combinations were tested as mobile phases. The choice of 

the optimum composition is based on the chromatographic response factor, a good 

peak shape with minimum tailing. A mixture of buffer and acetonitrile in the ratio of 

51:49 v/v was proved to be the most suitable of all the combinations since the 

chromatographic peak obtained was well defined, better resolved and almost free 

from tailing. The retention time ofthe drug was found at 6.588 min.

A good linear relationship (r = 0.9999) was observed between the 

concentration of Quetiapine fumarate and the corresponding peak areas. The linearity 

was found satisfactory in the range 50 - 150 pg/mL (Table 3.4). The regression 

equation of the linearity curve between concentration of Quetiapine fumarate over its 

peak area was found to be Y = 17.65X + 4.066 (where Y is the peak area and X is the 

concentration of Quetiapine fumarate in pg/mL). Precision of the method was studied 

by repeated injection of Quetiapine fumarate tablet solution and results showed lower 

%RSD values (Table3.5, 3.6 and 3.7). This reveals that the method is quite precise. 

The percent recoveries of the drug solutions were studied at three different 

concentration levels. The percent individual recoveiy and the %RSD at each level
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were within the acceptable limits (Table 3.8). This indicates that the method is 

accurate. The absence of additional peaks in the chromatogram indicates non

interference of the commonly used excipients in the tablets and hence the method is 

specific.

The deliberate changes in the method have next much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 3.9). The system suitability studies were carried out to check various 

parameters such as theoretical plates and tailing factor (Table 3.10). The lowest values 

of LOD and LOQ as obtained by the proposed method indicate that the method is 

sensitive (Table 3.11). The solution stability studies indicate that the Quetiapine 

fumarate drug was stable up to 24 hours (Table 3.12).

Therefore the proposed method is simple, sensitive and rapid and can be used 

for routine quality control and analysis of Quetiapine fumarate in bulk and its tablet 

dosage forms.
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1. DRUG PROFILE

Levetiracetam [Figure 4.1] is an analogue of piracetam. It is used as an adjunct 

in the treatment of partial seizures with or without secondary generalizations in adults 

and childrens aged 4 years and over. In addition, Levetiracetam is licensed for 

adjunctive use in the treatment of myoclonic seizures in the adults and childrens aged 

12 years and over with juvenile myoclonic epilepsy. It is also licensed for use as an 

adjunct in the treatment of primary generalized tonic-clonic seizures in adults and 

childrens with idiopathic generalized epilepsy [1]. Levetiracetam acts by binding 

stereo selectively to synaptic plasma membrane in the brain and affects allostearic 

modulations of not only GABA receptors but of high voltage activated Ca2+ channels 

and K+channels [2].

H conh2

Figure 4.1: Molecular structure of Levetiracetam
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Molecular formula : C8Hi4N202 

Molecular weight : 170.2

Chemical name : (S)-2-(2-Oxopyrrolidin-l-yl)butanamide

Solubility : Levetiraeetam is veiy soluble in water, freely soluble in

chloroform and methanol, soluble in ethanol, sparingly 

soluble in acetonitrile and practically insoluble in 

n-hexane.

Table 4.1: List of brand names of formulations of Levetiraeetam [3]

S. No. Brand name Formulation Available
strength

Address of 
manufacturer

1 LEVECETAM Tablet
250mg

500mg

Psyco remedies,

Ludhiana

2 LEVROXA Tablet

250mg

500mg

750mg

Ranbaxy laboratories

limited, gurgaon

3 LEVTAM Tablet

250mg

500mg

750mg

Unichem laboratories

limited, Mumbai

4 TORLEVA Tablet

250mg

500mg

750mg

lOOOmg

Torrent pharmaceuticals

limited, Ahmedabad
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2. LITERATURE SURVEY

A ,few analytical methods have been reported for the determination of 

Levetiracetam in pure drug, pharmaceutical dosage forms and biological samples 

using spectrophotometry [4], liquid chromatography [5-19], gas chromatography [20], 

ion exchange chromatography [21], electrokinetic chromatography [22, 23], capillary 

electrochromatography [24], electrophoresis [25] and electrochemical method [26].

Srinivasu et al [4] developed three visible spectrophotometric methods for 

estimation of Levetiracetam in bulk as well as its pharmaceutical formulations. These 

methods are based on the formation of chloroform extractable complex of 

Levetiracetam with Bromoeresol green (method A), Bromophenol blue (method B) 

and Bromothymol blue (method C) which shows absorbance maxima at 435 nm, 

454 nm and 415 nm respectively. The absorbance-concentration plot is linear over the 

range of 2.5-25 mcg/ml for Method A, 2.5-25mcg/ml for Method B and 1.5-15 

mcg/ml for Method C.

A chiral HPLC method was developed for the enantiomeric separation of 

Levetiracetam in pharmaceutical formulations and in bulk materials by Rao et al [13]. 

The separation was achieved in a chiralpak AD-H column using a mobile phase 

consisting of hexane and isoproponal in the ratio (90:10 v/v) at a flow rate of 

1.0 mL/min. LOD and LOQ of R-enantiomer were found to be 900 and 2250 ng/mL 

respectively. The method was linear in the concentration range 2250-9000ng/mL and 

a percentage recovery of R-enantiomer was ranged from 94.2 to 102.6.
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Saravanan et al [16] developed and validated a stability indicating LC method 

for the determination of Levetiracetam in drug substance. In this method, a 

chromatographic separation was achieved on a YMC pack ODS AQ column using 

diluted phosphoric acid and acetonitrile in the ratio 85:15 v/v and drug was exposed to 

different stress conditions for degradation study. Rao et al [17] proposed a validated 

stability indicating high performance liquid chromatographic method for estimation of 

Levetiracetam in presence of degradation products and process impurities. Resolution 

of drug from degradation product was obtained using a reversed phase Ci8 column 

using phosphate buffer (pH 2.8) which contains 3mM sodium 1-heptane sulphonate 

and acetonitrile (92:8). Levetiracetam sample solution was found to be stable for at 

least 48 hours in the developed method.

An isocratic reversed phase chiral HPLC method was developed for the 

determination of optical purity of Levetiracetam (S-enantiomer) in bulk drugs was 

developed by Srinivasu et al [18]. Chromatographic separation was achieved on a 

amylase based chiral stationary phase Chiralpak AD RH using a mobile phase 

comprising water and acetonitrile (80:20 v/v) at a flow rate of 0.5 mL/min. The LOD 

and LOQ were 40 and 120 ng/mL respectively and percentage recovery was ranged 

from 92.3 to 106.5 in bulk drug samples. Shah Charmy et al [19] developed a 

validated HPLC method for the estimation of Levetiracetam in dosage forms. 

A Lichrospher 100 Ci8 column and mobile phase containing acetonitrile: 

50mM phosphate buffer in the ratio of 50:50 v/v was used for separation and 

measurement was made at 220 mn. Linearity of Levetiracetam was in the range of
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1-100 jig/mL and an average percentage recovery was 100.23. LOD and LOQ were 

found to be 0.33 and 1.01 pg/mL respectively.

3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

quantitative estimation of Levetiracetam using an isocratic Agilent LC 1100 series 

HPLC instrument on a wakosil RS C18 column (250 mm x 4.6 mm, 5p). The 

instrument is equipped with a binary pump and variable wavelength UV-Visible 

detector. A 20pL Hamilton syringe was used for injecting the samples. Data was 

analysed by using Chemstation software. Elico SL 159 UV-Visible 

spectrophotometer was used for UV spectral studies. Degassing of the mobile phase 

was done by using a Loba ultrasonic bath sonicator. A Shimadzu balance was used 

for weighing the materials.

3.2. Chemicals and Solvents

Levetiracetam API was obtained as gift sample from Ranbaxy laboratories 

limited, Gurgaon. The branded formulation of Levetiracetam tablets (Levroxa tablets 

containing 250 mg of Levetiracetam) were procured from the local market. Methanol, 

Water and orthophosphorie acid used were of HPLC grade and potassium dihydrogen 

phosphate AR grade were purchased from Merck Specialities Private Limited, 

Mumbai, India.
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3.3. The buffer solution

About 6.8lgm of potassium dihydrogen phosphate was transferred into a 

1000 mL volumetric flask containing 200 mL of water. The contents were sonicated 

for about 5 minutes and the volume made upto 1000 mL with water. This solution was 

mixed and pH was adjusted to 3.0 with orthophosphoric acid and filtered through 

0.45p nylon filter.

3.4. The mobile phase

A mixture of above buffer (pH 3.0) and methanol in the ratio of 90:10 v/v was 

prepared and used as mobile phase.

3.5. Standard solution of the drug

About 240 mg of Levetiraeetam standard was weighed and transferred into a 

100 mL volumetric flask containing 60 mL of mobile phase. The solution was 

sonicated for 15 min and then volume was made up with further quantity of the 

mobile phase to get a concentration of 2.4 mg/mL solution. 10 mL of this solution 

was further diluted to 100 mL with mobile phase to get a concentration of 

240|ig/mL.

3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 240 mg of Levetiraeetam was transferred to a 

100 mL volumetric flask containing 60mL of the mobile phase. The contents of the 

flask were sonicated for about 15 min for complete solubility of the drug and volume 

made up with further quantity of mobile phase. Then this mixture was filtered through
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whatman No.41 filter paper. 10 mL of this filtrate was further diluted to 100 mL with 

mobile phase.

4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by varying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

purpose.

4.1. Detection wavelength

The spectra of diluted solutions of the Levetiracetam in water were recorded on 

UV spectrophotometer. The peaks of maximum absorbance wavelengths were 

observed. The spectra of the Levetiracetam showed that a balanced wavelength was 

found to be 254nm.

4.2. Choice of stationary phase

Preliminary development trials have performed with octadecyl columns with 

different types, configurations and from different manufacturers. Finally the expected 

separation and shapes of peak was succeeded in wakosil RS column.

4.3. Selection of the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.
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To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as mobile phases on a Ci8 stationary phase. A 

mixture of buffer (pH 3.0) and methanol in the ratio of 90:10 v/v was proved to be the 

most suitable of all the combinations since the chromatographic peaks obtained were 

better defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 mL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the 

maximum saving on the usage of solvents. It was found from the experiments that 1.5 

mL/miri flow rate was ideal for the successful elution of the analyte.

4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above were shown in Table 4.2. 

These optimized conditions were followed for the determination of Levetiraeetam in 

bulk samples and its tablet formulations. The chromatograms of standard and sample 

are shown in Figure 4.2 and Figure 4.3.
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Table 4.2: Optimized chromatographic conditions foe estimation of Levetiracetam in

tablet dosage form

Mobile phase : Buffer:methanol =90:10 v/v

Pump mode : Isocratic

Buffer : 0.05M potassium dihydrogen phosphate

pH of Buffer : 3.0 ±0.05

Diluent : The mobile phase

Column rWakosil RS Cjg, 250mm x 4.6 mm, 5.0p

Column Temp : Ambient

Wavelength : 254 nm

Injection Volume : 20 pi

Flow rate : 1.5 mL/min

Run time : 20 min

Typical tR : 15.406 min
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Figure 4.2: Chromatogram of Levetiracetam standard

Figure 4.3: Chromatogram of Levetiracetam sample (tablet)
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5. VALIDATION OF THE PROPOSED METHOD

The proposed method was validated as per ICH [27] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention time 

of standard and sample of Levetiracetam. The specificity results were shown in Table 

4.3.

Table 4.3: specificity study

Name of solution Retention time 
(min)

Blank No peaks

Levetiracetam standard 15.406

Levetiracetam sample 15.406

5.2. Linearity

Linearity was performed by preparing standard solutions of Levetiracetam at 

different concentration level including working concentration mentioned in 

experimental condition i.e.240 pg/mL. Twenty microlitres of each concentration was 

injected in duplicate into the HPLC system. The response was read at 254 mn and the
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corresponding chromatograms were recorded. From these chromatograms, the mean 

peak areas were calculated and a linearity plot of concentration over the mean peak 

area was constructed. The regression of the plot was computed by least square 

regression method. Linearity results are presented in Table 4.4 and linearity plot was 

shown in Figure 4.4.

Table 4.4: Linearity study

Level Concentration of 
Levetiracetam (pg/mL) Mean peak area

Level -1 120 1663086

Level -2 192 2643459

Level -3 216 2968289

Level -4 240 3310816

Level -5 264 3599395

Level -6 288 3921185

Level -7 360 4914825

Slope 13621.91

Intercept 17030.16

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 120 to 360 pg/mL)
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Figure 4.4: Linearity plot of Levetiracetaxn

5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate standard solutions were injected. 

The percent relative standard deviation (% RSD) was calculated and it was found to 

be 0.06 which is well within the acceptable criteria of not more than 2.0. Results of 

system precision study are shown in Table 4.5.
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Table 4.5: System precision

Injection number Area of 
Levetiracetam Acceptance criteria

1 3268262

%RSD of peak areas of

Levetiracetam should not

be more than 2.0

2 3267558

3 3267747

4 3268910

5 3271965

6 3271338

%RSD 0.06

5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablets of Levetiracetam and percent amount of Levetiracetam was calculated. The 

%RSD of the assay result of six preparations in method precision study for 

Levetiracetam was 0.58, which is well within the acceptance criteria of not more than 

2.0. The results obtained for assay of Levetiracetam are presented in Table 4.6.
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Table 4.6: Method precision

Preparation
number % Assay Mean %RSD

1 96.26

2 95.26

3 96.45
96.33 0.58

4 96.45

5 96.73

6 96.81

5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Levetiracetam and the percent amount of Levetiracetam was calculated. The 

%RSD of the assay result of six preparations in intermediate precision study for 

Levetiracetam was 0.32, which is well within the acceptance criteria of not more than 

2.0.The results of intermediate precision study are reported in Table 4.7.
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Table 4.7: Intermediate precision

Preparation
number % Assay Mean %RSD

1 96.24

2 97.01

3 96.43
96.66 0.32

4 96.77

5 96.98

6 96.52

5.4. Accuracy

The accuracy of the method was determined by standard addition method. A 

known amount of standard drug was added to the fixed amount of pre-analyzed tablet 

solution. Percent recovery was calculated by comparing the area before and after the 

addition of the standard drug. The standard addition method was performed at 50%, 

100% and 150% level. The solutions were analyzed in triplicate at each level as per 

the proposed method. The percent recovery and % RSD at each level was calculated 

and results are presented in Table 4.8. Satisfactory recoveries ranging from 99.67 to 

100.41 were obtained by the proposed method. This indicates that the proposed 

method was accurate.
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Table 4.8: Recovery study

Level
Amount of 

Levetiracetam 
spiked (ns)

Amount of 
Levetiracetam 
recovered (jig)

% Recovery %RSD

50%

121 121.4 100.33

0.05121 121.5 100.41

121 121.5 100.41

100%

241 241.4 100.17

0.10241 241.4 100.17

241 241.0 100.00

150%

359 359.1 100.03

0.18360 358.8 99.67

359 358.7 99.92

Mean % recovery 100.12

Overall %RSD 0.25

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase, pH of the buffer and composition of the mobile phase. Samples of 

Levetiracetam at 240 pg/mL concentration were analyzed under these changed 

experimental conditions. It was observed that there were no marked changes in 

chromatograms, which demonstrated that the developed method was robust in nature. 

The results of robustness study are shown in Table 4.9.
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Table 4.9: Robustness study

Condition Mean area % assay % difference

Unaltered 3286914 96.26 -

Flow rate at 1.3 mL/min 3314572 97.07 0.81

Flow rate at 1.7mL/min 3261987 95.53 0.75

Mobile phase:

• (Buffer(88):methanol(12)) 3267451 95.69 0.57

• (Buffer(92):methanol(08)) 3269338 96.03 0.23

pH of buffer at 2.8 3250719 95.20 1.06

pH of buffer at 3.2 3251061 95.21 1.05

5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution. The system suitability parameters are given in 

Table 4.10.
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Table 4.10: System suitability

Parameter Tailing factor Theoretical plates

Specificity study 1.51 4772

Linearity study 1.53 4763

Precision study 1.51 4783

Robustness study

Flow rate at 1.3 mL/min 1.35 4466

Flow rate at 1.7 mL/min 1.31 4938

pH buffer at 2.8 1.33 5070

pH buffer at 3.2 1.37 5037

Mobile phase:

. • (Buffer(8 8) :methanol( 12)) 1.23 5464

• (Buffer(92):methanol(08)) 1.67 4908

5.7. Limit of detection and Limit of quantification

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and 

precision. For this study six replicates of the analyte at lowest concentration were 

measured and quantified. The LOD and LOQ of Levetiracetam are given in Table 

4.11.

118



Table 4.11: LOD and LOQ of Leyetiraeetam

Parameter Measured value 
(iag/mL)

Limit of detection 0.52

Limit of quantification 1.61

5.8. Solution stability

To determine the stability of Levetiracetam in solution, the standard and 

sample solution were observed under room temperature. Any change in the retention 

time, peak shape and variation in response was compared to the pattern of 

chromatogram of freshly prepared solution. The solution stability results are shown in 

the Table 4.12.

Table 4.12: Solution stability of Levetiracetam

Standard solution Sample solution
Time

(hours) Response %
variation

Time
(hours) Response %

variation
Initial 3334010 - Initial 3140408 -

12 3336857 0.09 12 3146383 0.19

24 3339224 0.16 24 3153742 0.42
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the analysis of Levetiracetam from tablet dosage forms. A 

non-polar Cjg analytical chromatographic column was chosen as the stationary phase 

for the separation and determination of Levetiracetam. Mixtures of commonly used 

solvents like water, methanol and acetonitrile with or without buffers in different 

combinations were tested as mobile phases. The choice of the optimum composition 

is based on the chromatographic response factor, a good peak shape with minimum 

tailing. A mixture of buffer and methanol in the ratio of 90:10 v/v was proved to be 

the most suitable of all the combinations since the chromatographic peak obtained 

was well defined, better resolved and almost free from tailing. The retention time of 

the drug was found at 15.406 min.

A good linear relationship (r = 0.9999) was observed between the 

concentration of Levetiracetam and the corresponding peak areas. The linearity was 

found satisifactory in the range 120-360 pg/mL (Table 4.4). The regression equation 

of the linearity curve between concentration of Levetiracetam over its peak area was 

found to be Y = 13621.91X + 17030.16 (where Y is the peak area and X is the 

concentration of Levetiracetam in pg/mL). Precision of the method was studied by 

repeated injection of Levetiracetam tablet solution and results showed lower %RSD 

values (Table 4.5, 4.6 and 4.7). This reveals that the method is quite precise. The 

percent recoveries of the drug solutions were studied at three different concentration 

levels. The percent individual recovery and the %RSD at each level were found
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within the acceptable limits (Table 4.8). This indicates that the method is accurate. 

The absence of additional peaks in the chromatogram indicates non-interference of 

the commonly used excipients in the tablets and hence the method is specific.

The deliberate changes in the method have not much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 4.9). The system suitability studies were carried out to check various 

parameters such as theoretical plates and tailing factor (Table 4.10). The lowest values 

of LOD and LOQ as obtained by the proposed method indicate that the method is 

sensitive (Table 4.11). The solution stability studies indicate that the Levetiracetam 

drug was stable up to 24 hours (Table 4.12).

Therefore, the proposed method is simple, sensitive and rapid and can be used 

for routine quality control and analysis of Levetiracetam in bulk and its tablet dosage 

forms.

121



7. REFERENCES

1. Martindale: The complete drug reference. 36th edition, Pharmaceutical press, 

Lambeth High Street, London. 488-489,2009.

2. H.L.Sharma and K.K.Sharma. Principles of Pharmacology. 1st edition, Paras 

medical publisher, Delhi. p542,2007.

3. CIMS (Current Index of Medical Specialities), CMP Medica India Private 

Limited, Bangalore. pl71, Apr-Jul 2009.

4. K. Srinivasu, J. Venkateswara Rao, N. Appala Raju, K. Vanitha Prakash and 

K. Mukkanti. Extractive spectrophotometric determination of levetiracetam in 

pharmaceutical formulations. Oriental J. Chem. 24(3): 1013-1016 (2008).

5. D. S. Jain, G. Subbaiah, S. Mallika, P. Usha and P. S. Shrivastav. 

Determination of levetiracetam in human plasma by liquid 

chromatography/electrospray tandem mass spectrometry and its application to 

bioequivalence studies. Rapid Comm.Mass Spectr. 20(17): 2539-2547 (2006).

6. G. Tiedong, M. O. Lisa, M. Damodararao and J. S. Steven. Determination of 

levetiracetam in human plasma/serum/saliva by liquid chromatography- 

electrospray tandem mass spectrometry. Clinica ChimicaActa. 375(1-2): 115- 

118(2007).

7. M. L. Jens and M. B. Stefanie. Determination of levetiracetam in human 

plasma with minimal sample pretreatment. J. Chromatogr. B. 819(1): 197-200 

(2005).

122



8. P. Vincenzo, B. Francesca, M. Roberto, F. Anna, K. Ernst and R. Maria 

Augusta. High performance liquid chromatographic determination of 

levetiracetam in human plasma: comparison of different sample clean up 

procedures. Biomed. Chromatogr. 18(1): 37-44 (2004).

9. N. Ratnaraj, H. C. Doheny and P. N. Patsalos. A micromethod for the 

determination of the new antiepileptic drug levetiracetam in serum or plasma 

by high performance liquid chromatography. Ther. Drug Monit. 18(2): 154- 

157 (1996).

10. G. S. Elizabeth, G. Sosanko, R. L. Darla, A. V. Mohamed and D. K. Matthew. 

Drug monitoring: simultaneous analysis of lamotrigine, oxcarbazone, 

10-hydroxycarbazone and zonisamide by HPLC-UV and a rapid GC method 

using a nitrogen phosphorus detector for levetiracetam. J Chromatogr. Set 

45(9): 616-622 (2007).

1 l.M. Subramanian, A. K. Bimbaum and R. P. Remmel. High speed simultaneous 

determination of nine antiepileptic drugs using liquid chromatography-mass 

spectrometry. Ther. Drug Monit. 30(3): 347-356 (2008).

12. M. M. Kamal. Quantification of levetiracetam in human plasma by liquid 

chromatography-tandem mass spectrometry: Application to therapeutic drug 

monitoring.«/. Pharm. Biomed. Anal. 48(3): 822-828 (2008).

13. B. M. Rao, R. Ravi, B. shyamsundar reddy, S. Sivakumar, I. Gopichand, 

K. Praveen kumar, P. V. R. Acharyalu, G. Om reddy and M. K. Srinivasulu. 

A rapid chiral LC method for the enantioseleetive analysis of levetiracetam and

123



its enantiomer R-a-ethyl-2-oxo-pyrrolidine acetamide on amylase-based 

stationary phase. J. Pharm. Biomed. Anal. 35(5): 1017-1026 (2004).

14. G. S. Elizabeth, G. Sosanko, R. L. Darla, A. V. Mohamed and D. K. Matthew.
;

Simultaneous determination of lamotrigine, zonisamide and carbamazepine in 

human plasma by high performance liquid chromatography. Biomed. 

Chromatogr. 21(3): 225-228 (2007).

15. M. Contin, S. Mohamed, F. Albani, R. Riva and A. Baruzzi. Simple and 

validated HPLC-UV analysis of levetiracetam in deproteinized plasma of 

patients with epilepsy. J. Chromatogr. B Analyt. Tech. Biomed. Life Sci. 

873(1): 129-132 (2008).

16. G. Saravanan, G. Jyothi, Y. Suresh, A. Annerao, M. Ramakrishna, 

M. Yogeshwar Reddy and B. Ravibabu. LC method for the determination of 

the stability of levetiracetam drug substance under stressing conditions. 

Chromatographia. 67(1-2): 173-177 (2008).

17. B. M. Rao, M. K. Srinivasu, K. Balamurali, P. V. R. Acharyulu, 

R. P. Kumar and K. B. Chandrashekhar. A validated stability indicating LC 

method for levetiracetam. Indian Drugs. 42(5): 299-304 (2005).

18. M. K. Srinivasu, B. M. Rao, R. Ravi, B. S. S. Reddy, S. Sivakumar, 

K. Praveenkumar, I. Gopichand and P. Rajendrakumar. A reversed phase chiral 

HPLC method for the enantiomeric separation of levetiracetam, an 

antiepileptic agent on a amylase based chiral stationary phase. Indian Drugs. 

44(9): 540-543 (2004).

124



19. R. Shall Charmy, N. Shah Bhanubhai, J. Shah Nehal and M. Patel Natvarial. 

Development and validation of HPLC method for the estimation of 

levetiracetam in tablet dosage form. J. Pharm. Res. 6(4): 236-238 (2007).

20. T. A. Vermeij and P. M. Edelbrock. High performance liquid chromatographic 

and mega bore gas liquid chromatographic determination of levetiracetam in 

human serum after solid phase extraction. J. Chromatogr. B Biomed. Appl. 

662(1): 134-139 (1994).

21. N. H. Subramanian, P. Manigandan, R. G. Jeevan and G. Radhakrishnan. Ion 

chromatographic determination of residual phase transfer catalyst in active 

pharmaceutical ingredient. J. Chromatogr. Sci. 47(7): 540-544 (2009).

22.1. Mariela, P. Alessandra, M. Ettore, K. Natalja, A. R. Maria and K. Ernst. 

Microemulsion electrokinetic chromatography applied for separation of 

levetiracetam from other antiepileptic drugs in polypharmacy. Electrophoresis. 

24(6): 992-998 (2003).

23. V. Pucci and M. A. Raggi. Analysis of antiepileptic drugs in biological fluids 

by means of electrokinetic chromatography. Electrophoresis. 26(4-5): 767-782 

(2005).

24. M. Debby, S. Jan and V. H. Yvan. Enantiomeric impurity determination of 

levetiracetam using capillary electrochromatography. J. Sep. Sci. 29(18): 2827- 

2836 (2006).

25. Z. K. Shihabi, K. Oles and M. Hinsdale. Analysis of the antiepileptic drug 

keppra by capillary electrophoresis. J. Chromatogr. A. 1004(1-2): 9-12 (2003).

125



26. M. Asuncion Alonso-Lomillo and O. Dominguez-Renedo, P. Matos and 

M. Julia Arcos-Martinez. Electrochemical determination of levetiracetam by 

screen printed based biosensors. Biochemistry. 74(2): 306-309 (2009).

27.ICH Harmonized Tripartite Guidelines (Q2R1). Validation of analytical 

procedures: Text and Methodology. International Conference on 

Harmonization, European commission, Japan and USA (2005).

126





1. DRUG PROFILE

1.1. Atorvastatin Calcium

Atorvastatin calcium [Figure 5.1] is a 3-hydroxy-3-methylglutary 1 coenzymeA 

(HMG CoA) reductase inhibitor. It is used to reduce Low Density Lipoprotein (LDL)- 

cholesterol, apolipoprotein B, and triglycerides, and to increase High Density 

Lipoprotein (HDL)-cholesterol in the treatment of hypercholesterolaemias and 

combined (mixed) hyperlipidaemia (type Ila or Hb hyperlipoproteinaemias), 

hypertriglyceridaemia (type IV), and dysbetalipoproteinaemia (type HI). Atorvastatin 

can be effective as adjunctive therapy in patients with homozygous familial 

hypercholesterolaemia, who have some LDL-receptor function. It is also used for 

primary and secondary prophylaxis of cardiovascular events in patients with multiple 

risk factors, including diabetes mellitus [1]. Atorvastatin calcium competitively 

inhibits the conversion of HMG-CoA to mevalonic acid and therefore depletes the 

intracellular supply of cholesterol by inhibiting its biosynthesis [2].

2

Figure 5.1: Molecular structure of Atorvastatin calcium
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Molecular formula : C66H68CaF2N4O10.3H2O

Molecular weight : 1209.4

Chemical name Calcium(pR,8R)-2-(p-fluorophenyl)-P,5-dihydroxy-5-

isopropyl-3-phenyl-4-(phenylcarbomyl)pyrrole-l

heptanoicacid (1:2) trihydrate.

Solubility Atorvastatin calcium is very slightly soluble in distilled

water and acetonitrile, slightly soluble in ethanol and

freely soluble in methanol.

1.2. Ezetimibe

Ezetimibe [Figure 5.2] is an inhibitor of intestinal sterol absorption and inhibits 

the absorption of cholesterol and plant sterols. It is used to reduce total cholesterol, 

Low Density Lipoprotein (LDL)-cholesterol and apolipoprotein B in the management 

of hyperlipidaemias, and to reduce sitosterols and campesterol in patients with 

homozygous familial sitosterolaemia [3].

“F

iH

Figure 5.2: Molecular structure of Ezetimibe
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Molecular formula : C24H21F2NO3

Molecular weight : 409.4

Chemical name : (3R,4S)-l-(p-fluorophenyl)-3-[(3S)-3(p-fluorophenyl)-3-

hydroxypropyl]-4-(p-hydroxyphenyl)-2-azetidinone.

Solubility : Ezetimibe is freely soluble in methanol, ethanol and

acetone and practically insoluble in water.

Table 5.1: List of brand names of combined formulations of Atorvastatin calcium and

Ezetimibe [4]

S.
No. Brand name Formulation Available strength Address of 

manufacturer

1 ATOFAST-EZ Tablet
Atorvastatin calcium

Ezetimibe

lOmg

10mg

Intra labs India

private limited,

Bangalore

2 STATIX-EZ Tablet
Atorvastatin calcium

Ezetimibe

lOmg

10mg

Biocon limited,

Bangalore

3
STORVAS EZ

10
Tablet

Atorvastatin calcium

Ezetimibe

lOmg

lOmg

Ranbaxy

laboratories limited,

Gurgaon

4 ZETISTAT Tablet
Atorvastatin calcium

Ezetimibe

lOmg

lOmg

Torrent

pharmaceuticals

limited, Ahmedabad

129



2. LITERATURE SURVEY

Several analytical methods have been reported for the determination of 

N Atorvastatin calcium and Ezetimibe in pure drug, pharmaceutical dosage forms and in 

biological samples using spcetrophotometry [5-32], liquid chromatography [33-66], 

electrokinetic chromatography [67], high performance thin layer chromatography [68- 

74], gas chromatography [75], enzyme inhibition assay [76] and polarography [77] 

either in single or in combined forms.

Nevin [5] proposed extractive spectrophotometric methods for the 

determination of Atorvastatin either in bulk or in pharmaceutical formulations. These 

methods based on the reaction between drug and bromocresol green, alizarin red or 

bromophenol blue to form ion-pair complexes. Beer’s law is obeyed in the 

concentration range of 5.0 - 53.0pg/mL, 7.1 - 55.8pg/mL and 7.5 - 56pg/mL with 

bromocresol green, alizarin red and bromophenol blue respectively. They also studied 

first derivative signals for Atorvastatin at 217.8 nm.

Nakarani et al [10] developed second derivative spectrophotometric method for

the determination of Atorvastatin calcium and Fenofibrate in combined dosage forms

at 245:64 nm and 289.56 nm for Atorvastatin calcium and Fenofibrate respectively.

The linearity was in the range of 3-15 pg/mL for both the drugs, with correlation

coefficient of 0.9992 and 0.9995 for Atorvastatin calcium and Fenofibrate

respectively. Lata et al [13] reported validated spectrophotometirc methods for

simultaneous estimation of Atorvastatin calcium and Fenofibrate in pharmaceutical

formulations by using first order derivative method and simultaneous equation
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method. For first order derivative method, the Beer’s concentration range for both 

drugs was 10-60 pg/mL. For simultaneous equation method, Beer’s concentration 

range for Atorvastatin calcium and Fenofibrate was 6-50 pg/mL and 5-50 pg/mL 

respectively. They showed coefficient of variation is less than 2%. Two 

spectrophotometric methods for the simultaneous determination of Atorvastatin 

calcium and Amlodipine besylate in tablets by using simultaneous equation method 

and dual wavelength method was developed by Khan et al [14]. First method was 

established using 245 nm and 363 nm as two analytical wavelengths. Second method 

uses the difference of absorbance value at 259.9 nm and 354 nm for Atorvastatin 

calcium and absorbance at 363 nm for Amlodipine besylate. They established 

linearity for Atorvastatin calcium and Amlodipine besylate was 0-40 pg/mL and 

0-20 pg/mL respectively.

Gowrisankar et al [16] developed a visible spectrophotometric method for 

determination of Ezetimibe in pure and pharmaceutical formulations using 750 nm. 

This method was based on the reduced form of the Folin-Cioealteu reagent under 

alkaline condition at which drug exhibits maximum absorbance at 750nm and 

reported that linearity was in the range of 2.5-15 pg/mL. Shrivastava et al [18] 

developed two spectrophotometric methods for estimation of Ezetimibe in tablet 

dosage form using standard calibration graph and derivative spectrophotometric 

method measured at A,max of 248.1 and 265.9 nm respectively. Both the methods 

showed linearity in the concentration range of 0 - 50 pg/mL. Lakshmi et al [21]
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proposed spectrophotometric methods for determination of Ezetimibe in bulk and 

tablets based on the redox/complex formation reaction of drug with 

1, 10- Phenanthroline and hexacyanoferrate (HI) in the presence of ferric chloride to 

form colored chromogens exhibiting A,max at 510 and 740 nm respectively. UV, first, 

second and third derivative spectrophotometric methods for the determination of 

Ezetimibe in pharmaceutical formulations was developed by Sharma et al [24]. For 

the first method, drug was determined at 233 nm and linearity range was found to be 

6-16 pg/mL. For the first, second and third derivative spectrophotometric methods, 

the drug was determined at 259.5 nm, 269 nm and 248 nm with linearity ranges 

4-14 pg/mL, 4-14 pg/mL and 4-16 pg/mL respectively.

Anuradha et al [28] developed a validated simultaneous UV- 

spectrophotometric method for estimation of Rosuvastatin and Ezetimibe in their 

combined dosage forms by using Q-absorption ratio method with two wavelengths 

232.4 nm and 237 nm and dual wavelength method employing 226.4 nm and 

239.2 nm for Rosuvastatin and 232.6 nm and 252.4 nm for Ezetimibe. They showed 

linearity in the concentration range of 1 - 25 pg/mL for both the drugs.

Colorimetric method for estimation of Ezetimibe and Spectrophotometric 

method for the simultaneous estimation of Atorvastatin calcium and Ezetimibe in 

tablet formulation have been developed by Deshmukh et al [29]. Colorimetric method 

based on the formation of bluish-green colored complex of drug with patent blue-V 

and hydrochloric acid, showed absorbance maxima at 636 nm and obeyed Beer’s law
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in the concentration range of 20 - 50 pg/mL. Multi wavelength method was used for 

simultaneous estimation of Atorvastatin calcium and Ezetimibe at 245 and 232 nm 

respectively and both the drugs obeyed Beer’s law in the concentration range of 

2.5 - 20 pg/mL. UV spectrophotometric method using dual wavelength measurement 

was developed by Baldha et al [31] for simultaneous determination of Atorvastatin 

calcium and Ezetimibe in tablet dosage form and both drugs obeyed Beer’s law in the 

concentration range of 5 - 30 pg/mL. Sonawane et al [32] developed UV 

spectrophotometric method for simultaneous determination of Atorvastatin calcium 

and Ezetimibe in pharmaceutical dosage forms by using simultaneous equation 

method by taking absorbance measurements at 232.5 nm and 246 nm for Ezetimibe 

and Atorvastatin calcium respectively and both the drugs showed linearity in the 

range of 5-25pg/mL.

Gowrisankar et al [44] developed a reverse phase high performance liquid 

chromatographic method for the estimation of Atorvastatin calcium in pure and in 

pharmaceutical formulations. An isocratic method was carried out on a Ci8 column 

using mobile phase consisting of acetonitrile, water and triethyl amine in the ratio of 

800: 200: 0.2 v/v and detection at 248 nm. Linearity is in the concentration range of 

3-15 pg/mL.

Mohammadi et al [45] developed an isocratic reversed phase stability 

indicating HPLC method for the simultaneous determination of Atorvastatin and 

Amlodipine in commercial tablets. This method uses mobile phase consisting of
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acetonitrile and sodium dihydrogen phosphate in the ratio 55:45 v/v at a flow rate of 

1 mL/min was pumped on a Perfectsil Target ODS-3 column. The eluents were 

monitored at 237 nm. In this method, the drugs were subjected to different stress 

conditions like oxidation, hydrolysis, photolysis and heat. They reported that linearity 

was in the concentration ragne of 2 - 30 jig/mL and 1-20 pg/mL for Atorvastatin 

and Amlodipine respectively. Kadav et al [46] developed a stability indicating ultra 

pressure liquid chromatographic method for the simultaneous determination of 

Atorvastatin, Fenofibrate and their impurities in tablets. The chromatographic 

separation was performed on acquity UPLC BEH Qg column using gradient elution 

of acetonitrile and ammonium acetate buffer (pH 4.7) at a flow rate of 0.5 mL/min. 

UV detection was performed at 247 nm.

Manoj et al [50] developed a reverse phase high performance liquid 

chromatographic method for the simultaneous estimation of Atorvastatin and Aspirin 

in the capsule dosage form. A hypersil Qg column with mobile phase 50mM 

potassium dihydrogen phosphate, acetonitrile and methanol (30:50:20%v/v) were 

used. The flow rate was 1.0 mL/min and effluents were monitored at 254 nm. They 

found retention time of Atorvastatin and Aspirin were 2.48 and 5.23 min respectively 

and linearity was 11.2 - 56 pg/mL and 75 - 375 pg/mL for Atorvastatin and Aspirin 

respectively. Rajkondawar [56] developed a reverse phase high performance liquid 

chromatographic method for simultaneous estimation of Atorvastatin and Amlodipine 

using a mobile phase consisting 0.05m potassium dihydrogen phosphate and
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acetonitrile in the ratio of 50:50 at a flow rate 1.0 mL/min. and Zorbax XDB C]8 

column was used as a stationary phase. The effluents were monitored at 235 nm.

Sistla et al [58] developed a reversed phase HPLC method for the 

determination of Ezetimibe in pharmaceutical dosage forms using a mobile phase 

consisting of water (pH 6.8, 0.05% 1-heptane sulfonic acid) and acetonitrile 

(30:70 v/v) on Kromasil 100 Cj8 column. The flow rate was 0.5 mL/min and the 

analyte monitored at 232 nm. The method was found linear from 0.5 to 50 pg/mL. 

Gowrisankar et al [62] developed a reversed phase high performance liquid 

chromatographic method for analysis of Ezetimibe in pure and in pharmaceutical 

formulations using BDS Hypersil Cl8 column in isocratic mode with mobile phase 

comprising phosphate buffer and acetonitrile in the ratio of 45:55v/v at a flow rate of 

1.0 mL/min. The eluent was monitored at 236 nm and retention time was found to be 

4.118 min. The linearity was reported to be 25-300 pg/mL. .

Rajkondawar [64] developed a HPLC method for the simultaneous estimation 

of Rosuvastatin and Ezetimibe using a mobile phase consisting 0.05M potassium 

dihydrogen phosphate and acetonitrile in the ratio of 55:45 v/v at a flow rate 

1.0 mL/min. A zorbax XDB C18 column with UV detection at 235 nm and obtained 

% recoveries were 99.73 to 100.59 and 99.73 to 100.46 for Rosuvastatin and 

Ezetimibe respectively.

Chaudhari et al [65] developed a stability indicating reversed phase liquid 

chromatographic method for simultaneous estimation of Atorvastatin and Ezetimibe 

from their combination drug product. This method utilizes a Lichrospher 100 Cj8
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column with mobile phase consists of acetonitrile, water and methanol (45:40:15 v/v) 

at a flow rate of 1.0 mL/min and UV detection at 250 mn. They found linearity in the 

concentration range of 1 - 80 jig/mL for both the drugs and recoveries were 99.27% 

and 98.5% for Atorvastatin and Ezetimibe respectively.

Chaudhari et al [69] developed a HPTLC method for simultaneous estimation 

of Atorvastatin and Fenofibrate from formulation using precoated silica gel 60 F254 

plate with solvent system of toluene: methanol:acetic acid (8:2:0.2:v/v/v) and 

detection was carried out densitometrically using a UV detector at 294 nm. They 

reported that linearity was in the concentration range of 60 - 700 and 100 — 

700 ng/spot for Atorvastatin and Fenofibrate respectively and LOD and LOQ were 

20 and 60 ng/spot respectively for Atorvstatin and 32 and 100 ng/spot respectively for 

Fenofibrate.

Sonawane et al [71] developed HPTLC method for determination of Ezetimibe 

in tablets using silicagel 60 GF254 coated plates and a mobile phase consisting of 

toluene:acetone (6:4 v/v). They found that linearity was 300 - 2100 ng/spot and 

recovery was found to be 99 -101%.

Chaudhari et al [73] developed a validated HPTLC method for the 

simultaneous estimation of Atorvastatin calcium and Ezetimibe in combined dosage 

forms using silicagel 60 GF254 plates and mobile used was a mixture of chloroform: 

benzene:methanol:acetic acid (6:3:1:0.1 v/v/v/v). The calibration curve was found to 

be linear between 0.8 and 4.0 jig/spot for Atorvastatin calcium and 0.1 and 

1.0 (ig/spot for Ezetimibe. The LOD and LOQ for Atorvastatin calcium were found to
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be 170 ng/spot and 570 ng/spot respectively and for Ezetimibe 20 ng/spot and 

70 ng/spot respectively. Dhaneshwar et al [74] developed a validated HPTLC method 

for simultaneous estimation of Atorvastatin calcium and Ezetimibe in bulk and in 

tablet dosage forms using silicagel 60 GF254 plates and mobile consisting of toluene- 

methanol 8:2 v/v. They found linearity in the range of 0.4 - 2.4 pg/zone for both the 

drugs and accuracy was 98.51 ± 0.23% and 99.01 ± 0.15% for Atorvastatin calcium 

and Ezetimibe respectively.

3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

quantitative estimation of Lamotrigine using an isocratic Shimadzu prominence 

HPLC instrument on a phenomenex Luna Cig column (250 mm x 4.6 mm, 5p). The 

instrument is equipped with a LC 20AT pump and variable wavelength 

programmable UV-Visible detector, SPD-20A. A 20 pL Hamilton syringe was used 

for injecting the samples. Data was analysed by using spinchrome software. Elico 

SL 159 UV-Visible spectrophotometer was used for spectral studies. Degassing of 

the mobile phase was done by using a Loba ultrasonic bath sonicator. A Shimadzu 

balance was used for weighing the materials.

3.2. Chemicals and Solvents

The reference samples of Atorvastatin calcium (API) and Ezetimibe (API) 

were obtained from Dr. Reddy’s laboratories limited, Hyderabad. The branded
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formulations (tablets) (Storvas EZ -10 tablets containing 10 mg of Atorvastatin 

calcium and 10 mg of Ezetimibe) were procured from the local market. Acetonitrile, 

Methanol, Water, Triethylamine and orthophosphoric acid used were of HPLC grade 

and purchased from Merck Specialities Private Limited, Mumbai, India.

3.3. The buffer solution

About 1.0 mL of orthophosphoric acid was diluted to 1000 mL with water. 

This solution was mixed and pH was adjusted to 6.0 with triethylamine and filtered 

through 0.45 p nylon filter.

3.4. The mobile phase

A mixture of above buffer (pH 6.0) and acetonitrile in the ratio of 40:60 v/v 

was prepared and used as mobile phase.

3.5. Standard solution of the drug

About 20 mg of Atorvastatin calcium and 20mg of Ezetimibe standards were 

weighed and transferred into a 100 mL volumetric flask containing 25 mL of 

methanol. The solution was sonicated for 5 min and then volume was made up with a 

further quantity of the mobile phase to get a concentration of 200|ig/mL solution. 

10 mL of this solution was further diluted to 100 mL with mobile phase to get a 

concentration of 20pg/mL.

3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 100 mg of Atorvastatin calcium and lOOmg of 

Ezetimibe was transferred to a 100 mL volumetric flask containing 25mL of the
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methanol. The contents of the flask were sonicated for about 10 min for complete 

solubility of the drug and volume made up with further quantity of mobile phase. 

Then this mixture was filtered through whatman No.41 filter paper. 1.0 mL of this 

filtrate was further diluted to 50 mL with mobile phase.

4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by varying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

purpose.

4.1. Detection wavelength

The spectra of diluted solutions of the Atorvastatin calcium and Ezetimibe in 

methanol were recorded separately on UV spectrophotometer. The peaks of maximum 

absorbance wavelengths were observed. The spectra of the both Atorvastatin calciuim 

and Ezetimibe were showed that a balanced wavelength was found to be 232 nm.

4.2. Choice of stationary phase

Preliminary development trials have performed with octadecyl columns with 

different types, configurations and from different manufacturers. Finally the expected 

separation and shapes of peak was succeeded in Phenomenex Luna Cig column.

139



4.3. Selection of the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.

To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as mobile phases on a Ci8 stationary phase. A 

mixture of buffer (pH 6.0) and acetonitrile in the ratio of 40:60 v/v was proved to be 

the most suitable of all the combinations since the chromatographic peaks obtained 

were better defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 mL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the 

maximum saving on the usage of solvents. It was found from the experiments that 1.0 

mL/min flow rate was ideal for the successful elution of the analyte.

4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above were shown in Table 5.2. 

These optimized conditions were followed for the simultaneous determination of 

Atorvastatin calcium and Ezetimibe in bulk samples and its combined tablet 

formulations. The chromatograms of standard and sample were shown in Figure 5.3 

and Figure 5.4.
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Table 5.2: Optimized chromatographic conditions for simultaneous estimation of 

Atorvastatin calcium and Ezetimibe in combined tablet dosage form

Mobile phase : Buffer:Acetonitrile = 40:60 v/v

Pump mode : Isocratic

Buffer : 0.1% ortho phosphoric acid

pH of Buffer : 6.0 ± 0.05

Diluent : The mobile phase

Column :Phenomenex Luna Cjg, 250mm x 4.6 mm, 5.Op

Column Temp : Ambient

Wavelength : 232 nm

Injection Volume : 20 pi

Flow rate : 1.0 mL/min

Run time : 10 min

Typical tR

Atorvastatin calcium: 3.740 min 

Ezetimibe : 6.173 min
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5. VALIDATION OF THE PROPOSED METHOD

The proposed method was validated as per ICH [78] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention times 

of standard and sample. The specificity results are shown in Table 5.3.

Table 5.3: Specificity study

Name of solution Retention time 
(min)

Blank No peaks

Atorvastatin calcium 3.740

Ezetimibe 6.173

5.2. Linearity

Linearity was performed by preparing mixed standard solutions of Atorvastatin 

calcium and Ezetimibe at different concentration levels including working 

concentration mentioned in experimental condition i.e.20 jig/mL. Twenty microlitres 

of each concentration was injected in duplicate into the HPLC system. The response
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was read at 232 nm and the corresponding chromatograms were recorded. From these 

chromatograms, the mean peak areas were calculated and linearity plots of 

concentration over the mean peak areas were constructed individually. The 

regressions of the plots were computed by least square regression method. Linearity 

results were presented in Table 5.4 & 5.5 and linearity plots are shown in Figure 5.5 

& 5.6.

Table 5.4: Linearity study of Atorvastatin calcium

Level
Concentration of 

Atorvastatin calcium 
(pg/mL)

Mean peak area

Level -1 10 301.652

Level -2 16 491.173

Level -3 18 558.345

Level -4 20 612.085

Level -5 22 681.356

Level -6 26 805.281

Level -7 30 912.369

Slope 30.727

Intercept -0.1187

Correlation Coefficient 0.9998

Range: 50 to 150 % of target concentration (i.e. 10 to 30 pg/mL)
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Table 5.5: Linearity study of Ezetimibe

Level Concentration of 
Ezetimibe (jig/mL) Mean peak area

Level -1 10 383.535

Level -2 16 625.314

Level -3 18 710.235

Level -4 20 774.326

Level -5 22 860.364

Level -6 26 1029.229

Level -7 30 1182.417

Slope 39.524

Intercept -5.8813

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 10 to 30 pg/mL)
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Linearity plot of Atorvastatin calcium

Figure 5.5: Linearity plot of Atorvastatin calcium

Linearity plot of Ezetimibe

Figure 5.6: Linearity plot of Ezetimibe
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5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate mixed standard solutions of 

Atorvastatin calcium and Ezetimibe were injected. The percent relative standard 

deviation (% RSD) was calculated and it was found to be 0.43 and 0.21 for 

Atorvastatin calcium and Ezetimibe respectively, which are well within the acceptable 

criteria of not more than 2.0. Results of system precision studies are shown in 

Table 5.6.

Table 5.6: System precision

Injection number Area of
Atorvastatin calcium

Area of 
Ezetimibe

Acceptance
criteria

1 612.085 774.326
The %RSD of

2 615.210 774.482
peak areas of

3 614.221 773.853
Atorvastatin

4 618.021 770.256
calcium and

5 610.852 773.698
Ezetimibe should

6 612.124 774.215
not be more than

Mean 613.7522 773.4715
2.0

%RSD 0.43 0.21
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5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablet samples of Atorvastatin calcium and Ezetimibe and percent amount of both 

were calculated. The %RSD of the assay result of six preparations in method 

precision study was found to be 0.40 and 0.47 for Atorvastatin calcium and Ezetimibe 

respectively, which are well within the acceptance criteria of not more than 2.0. The 

results obtained for assay of Atorvastatin calcium and Ezetimibe are presented in 

Table 5.7.

Table 5.7: Method precision

Sample
number

% Assay
Atorvastatin calcium Ezetimibe

1 100.76 99.69

2 99.97 99.24

3 100.01 98.64

4 99.86 98.93

5 100.16 98.91

6 100.76 99.81

Mean 100.253 99.203

%RSD 0.40 0.47
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5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Atorvastatin calcium and Ezetimibe and the percent amount of Atorvastatain 

calcium and Ezetimibe was calculated. The %RSD of the assay result of six 

preparations in intermediate precision study was 0.32 and 0.17 for Atorvastatin 

calcium and Ezetimibe respectively, which are well within the acceptance criteria of 

not more than 2.0.The results of intermediate precision study are reported in Table 5.8 

& 5.9.

Table 5.8: Intermediate precision study of Atorvastatin calcium

Preparation
number % Assay Mean %RSD

1 99.54

2 99.72

3 99,43
99.54 0.32

4 99.98

5 99.08

6 99.84
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Table 5.9: Intermediate precision study of Ezetimibe

Preparation
number % Assay Mean %RSD

1 99.25

2 99.38

3 99.54
99.25 0.17

4 99.69

5 99.42

6 99.66

5.4. Accuracy

The accuracy of the method was determined by standard addition method. A 

known amount of standard drug was added to the fixed amount of pre-analyzed tablet 

solution. Percent recovery was calculated by comparing the area before and after the 

addition of the standard drug. The standard addition method was performed at 50%, 

100% and 150% level. The solutions were analyzed in triplicate at each level as per 

the proposed method. The percent recovery and % RSD at each level was calculated 

and results are presented in Table 5.10 & 5.11. Satisfactory recoveries ranging from 

99.65 to 100.5 for Atorvastatin calcium and 99.2 to 100.1 for Ezetimibe respectively 

were obtained by the proposed method. This indicates that the proposed method was 

accurate.
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Table 5.10: Recovery study for Atorvastatin calcium

Level
Amount of 

Atorvastatin calcium 
spiked ( pg)

Amount of 
Atorvastatin calcium 

recovered (pg)
% Recovery %RSD

50%

10 10.01 100.1

0.1710 10.01 100.1

10 9.98 99.8

100%

20 20.01 100.5

0.4520 19.93 99.65

20 19.86 99.8

150%

30 29.96 99.87

0.1730 30.05 100.2

30 . 30.02 100.1

Mean % recovery 100.01

Overall %RSD 0.26
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Table 5.11: Recovery study for Ezetimibe

Level
Amount of 

Ezetimibe spiked 
(fig)

Amount of 
Ezetimibe recovered 

(fig)
% Recovery %RSD

50%

10 9.96 99.6

0.4510 9.92 99.2

10 10.01 100.1

100%

20 20.0 100.0

0.1520 19.94 99.7

20 19.98 99.8

150%

30 30.01 100.03

0.1330 30.0 100.0

30 29.94 99.8

Mean % recovery 99.8

Overall %RSD 0.24

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase, pH of the buffer and composition of the mobile phase. Mixed samples 

of both Atorvastatin calcium and Ezetimibe at 20 pg/mL concentration were analyzed 

under these changed experimental conditions. It was observed that there were no 

marked changes in chromatograms, which demonstrated that the developed method 

was robust in nature. The results of robustness study are shown in Table 5.12 & 5.13.
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Table 5.12: Robustness study for Atorvastatin calcium

Condition Mean area % assay % difference
Unaltered 670 99.72 -

Flow rate at 0.8 mL/min 663 98.67 1.05

Flow rate at 1.2mL/min 671 99.86 0.14

Mobile phase:

• (Buffer(38):Acetonitrile(62) 678 100.91 1.19

• (Buffer(42):Acetonitrile(58) 661 98.38 1.34

pH of buffer at 5.8 662 98.52 1.20

pH of buffer at 6.2 668 99.42 0.30

Table 5.13: Robustness study for Ezetimibe

Condition Mean
area % assay % difference

Unaltered 826 98.88 -

Flow rate at 0.8 mL/min 829 99.24 0.36

Flow rate at 1.2mL/min 840 100.56 1.68

Mobile phase:

• (Buffer(38):Acetonitrile(62) 835 99.96 1.08

• (Buffer(42):Acetonitrile(58) 842 100.50 1.62

pH of buffer at 5.8 844 101.04 2.16

pH of buffer at 6.2 825 98.76 0.12
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5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution. The system suitability parameters are given in 

Table 5.14 & 5.15.

Table 5.14: System suitability for Atorvastatin calcium

Parameter Tailing factor Theoretical plates

Specificity study 1.08 5912

Linearity study 1.69 5401

Precision study 1.68 5305

Robustness study

Flow rate at 0.8 mL/min 1.67 5918

Flow rate at 1.2 mL/min 1.66 5829

pH of buffer 5.8 1.65 5339

pH of buffer 6.2 1.69 5324

Mobile phase:

• (Buffer(38):Acetonitrile(62) 1.68 5475

• (Buffer(42):Acetonitrile(58) 1.67 5862
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Table 5.15: System suitability for Ezetimibe

Parameter Tailing factor Theoretical plates

Specificity study 1.89 6983

Linearity study 1.86 6975

Precision study 1.88 6982

Robustness study

Flow rate at 0.8 mL/min 1.83 7142

Flow rate at 1.2 mL/min 1.82 6789

pH of buffer 5.8 1.81 6921

pH of buffer 6.2 1.82 6668

Mobile phase:

• (Buffer(38):Acetonitrile(62) 1.71 6854

• (Buffer(42):Acetonitrile(58) 1.73 7243

5.7. Limit of detection and Limit of quantification

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and 

precision. For this study six replicates of the analyte at lowest Concentration were 

measured and quantified. The LOD and LOQ of Atorvastatin calcium and Ezetimibe 

are given in Table 5.16 & 5.17.
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Table 5.16: LOD and LOQ of Atorvastatin calcium

Parameter Measured value 
(pg/mL)

Limit of detection 0.39

Limit of quantification 1.22

Table 5.17: LOD and LOQ of Ezetimibe

Parameter Measured value 
Oig/mL)

Limit of detection 0.25

Limit of quantification 0.80

5.8. Solution stability

To determine the stability of Atorvastatin calcium and Ezetimibe in solution, 

the standard and sample solution were observed under room temperature. Any change 

in the retention time, peak shape and variation in response was compared to the 

pattern of chromatogram of freshly prepared solution. The solution stability results are 

shown in the Table 5.18 & 5.19.
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Table 5.18: Solution stability of Atorvastatin calcium

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 612.085. - Initial 612.321 -

12 615.012 0.50 12 611.010 0.21

24 613.031 0.15 24 611.931 0.06

Table 5.19: Solution stability of Ezetimibe

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 774.326 - Initial 774.185 -

12 776.212 0.24 12 773.321 0.11

24 772.301 0.26 24 773.683 0.06
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the simultaneous analysis of Atorvastatin calcium and 

Ezetimibe from bulk samples and their tablet dosage forms. A non-polar Cig 

analytical chromatographic column was chosen as the stationary phase for the 

separation and simultaneous determination of Atorvastatin calcium and Ezetimibe. 

Mixtures of commonly used solvents like water, methanol and acetonitrile with or 

without buffers in different combinations were tested as mobile phases. The choice of 

the optimum composition is based on the chromatographic response factor, a good 

peak shape with minimum tailing. A mixture of buffer and acetonitrile in the ratio of 

40:60 v/v was proved to be the most suitable of all the combinations since the 

chromatographic peak obtained was well defined, better resolved and almost free 

from tailing. The retention times of the Atorvastatin calcium and Ezetimibe were 

found to be 3.740 and 6.173 min respectively.

The linearity was found satisfactory for both the drugs in the range 

10 - 30 pg/mL (Table 5.4 & 5.5). The regression equation of the linearity curve 

between concentrations of Atorvastatin calcium and Ezetimibe over its peak areas 

were found to be Y = 30.727X - 0.1187 (where Y is the peak area and X is the 

concentration of Atorvastatin caclcium in pg/mL) and Y = 39.524X - 5.8813 (where 

Y is the peak area and X is the concentration of Ezetimibe in pg/mL) respectively. 

Precision of the method was studied by repeated injection of tablet solution and 

results showed lower %RSD values (Table 5.6 - 5.9). This reveals that the method is
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quite precise. The percent recoveries of the drug solutions were studied at three 

different concentration levels. The percent individual recovery and the %RSD at each 

level were within the acceptable limits (Table 5.10 & 5.11). This indicates that the 

method is accurate. The absence of additional peaks in the chromatogram indicates 

non-interference of the commonly used excipients in the tablets and hence the method 

is specific.

The deliberate changes in the method have not much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 5.12 & 5.13). The system suitability studies were carried out to check 

various parameters such as theoretical plates and tailing factor (Table 5.14 & 5.15). 

The lowest values of LOD and LOQ as obtained by the proposed method indicate that 

the method is sensitive (Table 5.16 & 5.17). The solution stability studies indicate that 

both the drugs were stable up to 24 hours (Table 5.18 & 5.19).

Therefore, the proposed method was simple, specific and sensitive and can be 

used for simultaneous analysis of Atorvastatin calcium and Ezetimibe in bulk samples 

and its tablet dosage forms.
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1. DRUG PROFILE

1.1. Simvastatin

Simvastatin [Figure 6.1] is a lipid regulating drug; it is a competitive inhibitor 

of 3-hydroxy-3-methyl glutaryl coenzymeA reductase (HMG-CoA reductase), the rate 

determining enzyme for cholesterol synthesis. Inhibition of HMG-CoA reductase 

leads to reduced cholesterol synthesis in the liver and lower intracellular cholesterol 

concentrations; this stimulates an increase in Low Density Lipoprotein (LDL)- 

cholesterol receptors on hepatocyte membranes, thereby increasing the clearance of 

LDL from the circulation. HMG-CoA reductase inhibitors reduce total cholesterol 

LDL-cholesterol, and Very Low Density Lipoprotein (VLDL)-cholesterol 

concentrations in plasma. They also tend to reduce triglycerides and to increase High 

Density Lipoprotein (HDL)-cholesterol concentrations. Simvastatin is used to reduce 

LDL-cholesterol, apolipoprotein B, and triglycerides and to increase HDL-cholesterol 

in the treatment of hyperlipidaemias. It is used in hypercholesterolaemias, combined 

(mixed) hyperlipidaemia (type Ila or nb hyperlipoproteinaemias), 

hypertriglyceridaemia (type IV), and primary dysbetalipoproteinaemia (type III), and 

may also be used as adjunct therapy in patients with homozygous familial 

hypercholesterolaemia who have some LDL-reeeptor function. Simvastatin is also 

used for cardiovascular risk reduction [1].
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Figure 6.1: Molecular structure of Simvastatin

Molecular formula 

Molecular weight 

Chemical name

Solubility

C25H38O5

418.6

(1 S,3R,7S,8S,8aR)-l ,2,3,7,8,8a-Hexahydro-3,7-dimethyl- 

8-{2-[(2R,4R)-tetrahydro-4-hydroxy-6-oxo-2H-pyran-2- 

y 1] ethyl} -1 -naphthy 1-2,2-dimethyl butyrate 

Simvastatin is practically insoluble in water and freely 

soluble in methanol, ethanol and chloroform.

1.2. Ezetimibe

Ezetimibe [Figure 6.2] is an inhibitor of intestinal sterol absorption and inhibits 

the absorption of cholesterol and plant sterols. It is used to reduce total cholesterol, 

Low Density Lipoprotein (LDL)-cholesterol and apolipoprotein B in the management 

of hyperlipidaemias, and to reduce sitosterols and campesterol in patients with 

homozygous familial sitosterolaemia [2].
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Figure 6.2: Molecular structure of Ezetimibe

Molecular formula 

Molecular weight 

Chemical name

Solubility

c24h21f2no3

409.4

(3R,4S)-l-(p-fluorophenyl)-3-[(3S)-3(p-fluorophenyl)-3- 

hydroxypropyl]-4-(p-hydroxyphenyl)-2-azetidinone 

Ezetimibe is freely soluble in methanol, ethanol and 

acetone and practically insoluble in water.

Table 6.1: List of brand names of combined formulations of Simvastatin and

Ezetimibe [3]

s.
No. Brand name Formulation Available strength Address of 

manufacturer

1 SIMVAS-EZ Tablet
Simvastatin

Ezetimibe

lOmg

lOmg

Micro labs limited,

Bangalore

2 STARSTAT-EZ Tablet
Simvastatin

Ezetimibe

lOmg

lOmg

Lupin laboratories

limited, Mumbai

3 ZOSTAMAX Tablet
Simvastatin

Ezetimibe

lOmg

lOmg
USV limited, Mumbai
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2. LITERATURE SURVEY

Several analytical methods have been reported for the determination of 

Simvastatin and Ezetimibe in pure drug, pharmaceutical dosage forms and in 

biological samples using spcetrophotometry [4-23], liquid chromatography [24-47], 

electrokinetie chromatography [48], high performance thin layer chromatography [49- 

54] and gas chromatography [55-57] either in single or in combined forms.

Bhatia Neela et al [4] developed a spectrophotometric method for simultaneous 

estimation of Simvastatin and Nicotinic acid from tablets. In this method, two- 

wavelength method was used. Linearity of the response was observed in the 

concentration range of 1-7 pg/mL and 5-15 pg/mL for Simvastatin and Nicotinic acid 

respectively. The results of percentage of label claim + standard deviation were 

102.84 ± 1.08 and 101.16 ± 1.02 for Simvastatin and 97.92 + 0.057 and 99.12 + 

0.021 for Nicotinic acid for the two formulations analyzed.

Gowrisankar et al [5] developed a visible spectrophotometric method 

for determination of Ezetimibe in pure and pharmaceutical formulations, using 

750 nm. This method was based on the reduced form of the FolinrCiocalteu reagent 

under alkaline condition with drug exhibits maximum absorbance at 750nm and 

reported that linearity was in the range of 2.5-15 pg/mL. Shrivastava et al [7] 

developed two spectrophotometric methods for estimation of Ezetimibe in tablet 

dosage form using standard calibration graph and derivative spectrophotometric 

method measured at A,raax of 248.1 and 265.9 nm respectively. Both the methods
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showed linearity in the. concentration range of 0 - 50 pg/mL. Lakshmi et al [10] 

proposed spectrophotometric methods for determination of Ezetimibe in bulk and 

tablets based on the redox/complex formation reaction of drug with 

1,10- Phenanthroline and hexacyanoferrate (IH) in the presence of ferric chloride to 

form colored chromogens exhibiting A,max at 510 and 740 nm respectively. UV, first, 

second and third derivative spectrophotometric methods for the determination of 

Ezetimibe in pharmaceutical formulations was developed by Sharma et al [13]. For 

the first method, drug was determined at 233 nm and linearity range was found to be 

6-16 pg/mL. For the first, second and third derivative spectrophotometric methods, 

the drug was determined at 259.5 nm, 269 nm and 248 nm with linearity ranges 

4-14 pg/mL, 4-14 pg/mL and 4-16 pg/mL respectively.

Anuradha et al [17] developed a validated simultaneous UV- 

spectrophotometric method for estimation of Rosuvastatin and Ezetimibe in their 

combined dosage forms by using Q-absorption ratio method with two wavelengths 

232.4 nm and 237 nm and dual wavelength method employing 226.4 nm and 

239.2 nm for Rosuvastatin and 232.6 nm and 252.4 nm for Ezetimibe. They showed 

linearity in the concentration range of 1 - 25 pg/mL for both the drugs. UV 

spectrophotometric method using dual wavelength measurement was developed by 

Baldha et al [19] for simultaneous determination of Atorvastatin calcium and 

Ezetimibe in tablet dosage form and both drugs obeyed Beer’s law in the 

concentration range of 5 - 30 pg/mL.
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Santosh et al [20] proposed a spectrophotometric method for the simultaneous 

estimation of Simvastatin and Ezetimibe in tablet formulations by using simultaneous 

equation metbod. This method is based on the absorption maxima of Simvastatin at 

242 nm and Ezetimibe at 248 nm in chloroform. Colorimetric method for estimation 

of Ezetimibe and Spectrophotometric method for the simultaneous estimation of 

Atorvastatin calcium and Ezetimibe in tablet formulation have been developed by 

Deshmukh et al [23]. Colorimetric method based on the formation of bluish-green 

colored complex of drug with patent blue-V and hydrochloric acid, showed 

absorbance maxima at 636 nm and obeyed Beer’s law in the concentration range of 

20 - 50 fig/mL. Multiwavelength method was used for simultaneous estimation of 

Atorvastatin calcium and Ezetimibe at 245 and 232 nm respectively and both the 

drugs obeyed Beer’s law in the concentration range of 2.5 - 20 pg/mL. Rajkondawar 

[24] developed a HPLC method for the simultaneous estimation of Rosuvastatin and 

Ezetimibe using a mobile phase consisting 0.05M potassium dihydrogen phosphate 

and acetonitrile in the ratio of 55:45 v/v at a flow rate 1.0 mL/min. A zorbax XDB Cj8 

column with UV detection at 235 nm and obtained % recoveries were 99.73 to 100.59 

and 99.73 to 100.46 for Rosuvastatin and Ezetimibe respectively.

High performance liquid chromatographic determination of simvastatin in 

medical drugs was developed by Eyad et al [26]. In this method Qg Hypersil column 

and acetonitrile-phosphate buffer-methanol (5:3:lv/v/v) as mobile phase with 

detection at 230 nm was proposed. The linearity was obtained with correlation 

coefficient of 0.9995. Sistla et al [32] developed a reversed phase HPLC method for
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the determination of Ezetimibe in pharmaceutical dosage forms using a mobile phase 

consisting of water (pH 6.8, 0.05% 1-heptane sulfonic acid) and acetonitrile 

(30:70 v/v) on Kromasil 100 Qg column. The flow rate was 0.5 mL/min and the 

analyte monitored at 232 nm. The method was found linear from 0.5 to 50 pg/mL. 

Gowrisankar et al [36] developed a reversed phase high performance liquid 

chromatographic method for analysis of Ezetimibe in pure and in pharmaceutical 

formulations using BDS Hypersil Cl 8 column in isocratic mode with mobile phase 

comprising phosphate buffer and acetonitrile in the ratio of 45:55v/v at a flow rate of 

1.0 mL/min. The eluent was monitored at 236 nm and retention time was found to be 

4.118 min. The linearity was reported to be 25 - 300 pg/mL.

Chaudhari et al [39] developed a stability indicating reversed phase liquid 

chromatographic method for simultaneous estimation of Atorvastatin and Ezetimibe 

from their combination drug product. This method utilizes a Lichrospher 100 Cig 

column with mobile phase consists of acetonitrile, water and methanol (45:40:15 v/v) 

at a flow rate of 1.0 mL/min and UV detection at 250 nm. They found linearity in the 

concentration range of 1 - 80 pg/mL for both the drugs and recoveries were 99.27% 

and 98.5% for Atorvastatin and Ezetimibe respectively. Shah et al [40] reported a 

stability indicating reversed phase liquid chromatographic method for the 

simultaneous determination of Ezetimibe and Simvastatin in tablet dosage forms 

using phenomenex Gemini Cig column with mobile phase containing 

0.02M potassium dihydrogen phosphate : methanol (10:90 v/v). Linearity was
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established for both the drugs in the range of 2 -10 pg/mL and recoveries of 

Ezetimibe and Simvastain were found to be in the range of 98.05 - 101.06% and 

98.73 - 101.55% respectively. Ananth kumar et al [42] proposed a reverse phase high 

performance liquid chromatographic method for the simultaneous determination of 

Simvastatin and Ezetimibe in tablet dosage foms. The separation was carried out on a 

Ci8 Supelcosil column using mobile phase consisting of 0.01M ammonium acetate 

buffer and acetonitrile (35:65 v/v) at a flow rate of 1 mL/min. Linearity was in the 

ranges of 0.5 - 40 pg/mL and 2.5 - 50 pg/mL for Simvastatin and Ezetimibe 

respectively. A stability indicating reversed phase liquid chromatographic method for 

simultaneous determination of Simvastatin and Ezetimibe from their combination 

drug products using LiChrospher 100 Ci8 column and mobile phase consisting of 

acetonitrile-water-methanol (60:25:15 v/v/v) was developed by Chaudhari et al [46]. 

The linearity range was 1-80 pg/mL and 3-80pg/mL for Simvastatin and Ezetimibe 

respectively and mean recoveries were 99.17 and 100.43% for Simvastatin and 

Ezetimibe respectively.

Meyyanathan et al [49] developed a high performance thin layer 

chromatography method for the analysis of Simvastatin in pharmaceutical 

formulations using silica gel 60 F254 coated plates and mobile phase comprising of 

methanol:ethylaeetate:methanol-ammonia solution 25% (7:1.5:0.5 v/v/v). The 

linearity range was 0.08 - 0.8pg and percentage recovery was 100.7%.
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Sonawane et al [50] developed HPTLC method for determination of Ezetimibe 

in tablets using silicagel 60 GF254 coated plates and a mobile phase consisting of 

toluene:acetone (6:4 v/v). They found that linearity was 300 - 2100 ng/spot and 

recovery was found to be 99 - 101%. A high performance thin layer chromatographic 

method was developed by Shivshanker et al [52] using silicagel 60 GF254 coated 

plates and mobile phase consisting of ethyl acetate: chloroform (80:20) and the 

detection was carried at 220 nm. Linearity was observed between 600 and 

1400 pg/mL for both the drugs. Recoveries for both the drugs were between 99.73 

and 99.59. Rf values were 0.76 and 0.89 for Simvastatin and Ezetimibe respectively.

3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

quantitative estimation of Lamotrigine using an isoeratie Shimadzu prominence 

HPLC instrument on a phenomenex Luna C18 column (250 mm x 4.6 mm, 5p). The 

instrument is equipped with a LC 20AT pump and variable wavelength 

programmable UV-Visible detector, SPD-20A. A 20pL Hamilton syringe was used 

for injecting the samples. Data was analysed by using spinchrome software. Elico 

SL 159 UV-Visible spectrophotometer was used for spectral studies. Degassing of 

the mobile phase was done by using a Loba ultrasonic bath sonicator. A Shimadzu 

balance was used for weighing the materials.
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3.2. Chemicals and Solvents

The reference samples of Simvastatin (API) and Ezetimibe (API) were 

obtained from Dr. Reddy’s laboratories limited, Hyderabad. The branded formulations 

(tablets) (Zostamax tablets containing 10 mg of simvastatin and 10 mg of Ezetimibe) 

were procured from the local market. Acetonitrile, Methanol, Water, Triethylamine 

and orthophosphoric acid used were of HPLC grade and purchased from Merck 

Specialities Private Limited, Mumbai, India.

3.3. The buffer solution

About 1.0 mL of orthophosphoric acid was diluted to 1000 mL with water. 

This solution was mixed and pH was adjusted to 3.0 with triethylamine and filtered 

through 0.45 p nylon filter.

3.4. The mobile phase

A mixture of above buffer (pH 3.0) and acetonitrile in the ratio of 25:75 v/v 

was prepared and used as mobile phase.

3.5. Standard solution of the drug

About 20 mg of Simvastatin and 20mg of Ezetimibe standards were weighed 

and transferred into a 100 mL volumetric flask containing 25 mL of methanol. The 

solution was sonicated for 5 min and then volume was made up with further quantity 

of the mobile phase to get a concentration of 200pg/mL solution. 10 mL of this 

solution was further diluted to 100 mL with mobile phase to get a concentration of 

20pg/mL.
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3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 100 mg of Simvastatin and lOOmg of Ezetimibe 

was transferred to a 100 mL volumetric flask containing 25mL of the methanol. The 

contents of the flask were sonicated for about 10 min for complete solubility of the 

drug and volume made up with further quantity of mobile phase. Then this mixture 

was filtered through whatman No.41 filter paper. 1.0 mL of this filtrate was further 

diluted to 50 mL with mobile phase.

4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by varying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

purpose.

4.1. Detection wavelength

The spectra of diluted solutions of the Simvastatin and Ezetimibe in methanol 

were recorded separately on UV spectrophotometer. The peaks of maximum 

absorbance wavelengths were observed. The spectra of the both Simvastatin and 

Ezetimibe were showed that a balanced wavelength was found to be 238 nm.
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4.2. Choice of stationary phase

Preliminary development trials have performed with octadecyl columns with 

different types, configurations and from different manufacturers. Finally the expected 

separation and shapes of peak was succeeded in Phenomenex Luna Ci8 column.

4.3. Selection of the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.

To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as mobile phases on a Cjg stationary phase. A 

mixture of buffer (pH 3.0) and acetonitrile in the ratio of 25:75 v/v was proved to be 

the most suitable of all the combinations since the chromatographic peaks obtained 

were better defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 mL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the 

maximum saving on the usage of solvents. It was found from the experiments that 

1.5 mL/min flow rate was ideal for the successful elution of the analyte.

4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above were shown in Table 6.2. 

These optimized conditions were followed for the simultaneous determination of
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Simvastatin and Ezetimibe in bulk samples and its combined tablet formulations. The 

chromatograms of standard and sample were shown in Figure 6.3 and Figure 6.4.

Table 6.2: Optimized chromatographic conditions for simultaneous estimation of 

Simvastatin and Ezetimibe in combined tablet dosage form

Mobile phase : BuffenAcetonitrile = 25:75 v/v

Pump mode : Isocratic

Buffer : 0.1% ortho phosphoric acid

pH of Buffer : 3.0 ±0.05.

Diluent : The mobile phase

Column :Phenomenex Luna Ci8j 250mm x 4.6 mm, 5.Op

Column Temp : Ambient

Wavelength : 238 nm

Injection Volume : 20 pi

Flow rate : 1.5 mL/min

Run time : 10 min

Typical tR •
•

Simvastatin : 7.003 min
Ezetimibe : 2.467 min
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Figure 6.3: Chromatogram of standard solution

Figure 6.4: Chromatogram of sample (tablet) solution
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5. VALIDATION OF THE PROPOSED METHOD

The proposed method was validated as per ICH [58] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention times 

of standard and sample. The specificity results are shown in Table 6.3.

Table 6.3: Specificity study

Name of solution Retention time 
(min)

Blank No peaks

Simvastatin 7.003

Ezetimibe 2.467

5.2. Linearity

Linearity was performed by preparing mixed standard solutions of Simvastatin 

and Ezetimibe at different concentration levels including working concentration 

mentioned in experimental condition i.e.20 pg/mL. Twenty microlitres of each 

concentration was injected in duplicate into the HPLC system. The response was read 

at 238 nm and the corresponding chromatograms were recorded. From these
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chromatograms, the mean peak areas were calculated and linearity plots of 

concentration over the mean peak areas were constructed individually. The 

regressions of the plots were computed by least square regression method. Linearity 

results are presented in Table 6.4 & 6.5 and linearity plots are shown in Figure 6.5 & 

6.6.

Table 6.4: Linearity study of Simvastatin

Level Concentration of Simvastatin 
(pg/mL) Mean peak area

Level -1 10 420.383

Level -2 16 664.885

Level -3 18 740.093

Level -4 20 817.762

Level -5 22 909.450

Level -6 24 988.923

Level -7 30 1245.138

Slope 41.269

Intercept 1.1131

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 10 to 30 pg/mL)
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Table 6.5: Linearity study of Ezetimibe

Level
1

Concentration of 
Ezetimibe (pg/mL) Mean peak area

Level -1 10 330.687

Level -2 16 520.546

Level -3 18 579.670

Level -4 20 646.108

Level -5 22 709.199

Level -6 24 770.669

Level -7 30 961.580

Slope 31.974

Intercept 5.2633

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 10 to 30 pg/mL)
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Linearity plot of Simvastatin

Figure 6.5: Linearity plot of Simvastatin

Linearity plot ofEzetimibe

Figure 6.6: Linearity plot ofEzetimibe
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5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate mixed standard solutions of 

Simvastatin and Ezetimibe were injected. The percent relative standard deviation 

(% RSD) was calculated and it was found to be 0.09 and 0.13 for Simvastatin and 

Ezetimibe respectively, which are well within the acceptable criteria of not more than 

2.0. Results of system precision studies are shown in Table 6.6.

Table 6.6: System precision

Injection number Area of 
Simvastatin

Area of 
Ezetimibe

Acceptance
criteria

1 817.764 646.101
The %RSD of

2 816.721 645.002
peak areas of

3 817.620 646.861
Atorvastatin

4 861.012 646.132
calcium and

5 817.028 647.001
Ezetimibe should

6 816.024 645.002
not be more than

Mean 816.861 646.016
2.0

%RSD 0.09 0.13
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5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablet samples of Simvastatin and Ezetimibe and percent amount of both were 

calculated. The %RSD of the assay result of six preparations in method precision 

study was found to be 0.11 and 0.14 for Simvastatin and Ezetimibe respectively, 

which are well within the acceptance criteria of not more than 2.0. The results 

obtained for assay of Simvastatin and Ezetimibe are presented in Table 6.7.

Table 6.7: Method precision

Sample
number

% Assay
Atorvastatin calcium Ezetimibe

1 99.24 97.81

2 99.12 97.66

3 99.24 97.96

4 99.00 97.81

5 99.12 97.16

6 99.00 97.66

Mean 99.12 97.81

%RSD 0.11 0.14
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5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Simvastatin and Ezetimibe and the percent amount of Simvastatin and 

Ezetimibe was calculated. The %RSD of the assay result of six preparations in 

intermediate precision study was 0.22 and 0.12 for Simvastatin and Ezetimibe 

respectively, which are well within the acceptance criteria of not more than 2.0.The 

results of intermediate precision study were reported in Table 6.8 & 6.9.

Table 6.8: Intermediate precision study of Simvastatin

Preparation
number % Assay Mean %RSD

1 98.87

2 99.12

3 99.24
98.88 0.22

4 98.66

5 99.04

6 99.18
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Table 6.9: Intermediate precision study of Ezetimibe

Preparation
number % Assay Mean %RSD

1 98.12

2 98.01

3 97.96
98.12 0.12

4 98.01

5 98.07

6 97.77

5.4. Accuracy

The accuracy of the method was determined by standard addition method. A 

known amount of standard drug was added to the fixed amount of pre-analyzed tablet 

solution. Percent recovery was calculated by comparing the area before and after the 

addition of the standard drug. The standard addition method was performed at 50%, 

100% and 150% level. The solutions were analyzed in triplicate at each level as per 

the proposed method. The percent recovery and %RSD at each level was calculated 

and results are presented in Table 6.10 & 6.11. Satisfactory recoveries ranging from 

99.1 to 100.8 for Simvastatin and 99.4 to 100.1 for Ezetimibe respectively were 

obtained by the proposed method. This indicates that the proposed method was 

accurate.
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Table 6.10: Recovery study for Simvastatin

Level
Amount of 

Simvastatin spiked 
( J*g)

Amount of
Simvastatin recovered

Os)
% Recovery %RSD

50%

10 10.08 100.80

0.9110 9.94 99.40

10 9.91 99.10

100%

20 20.03 100.10

0.1220 20.01 100.00

20 19.98 99.90

150%

30 30.04 100.10

0.0830 30.01 100.00

30 30.06 100.20

Mean % recovery 99.90

Overall %RSD 0.37
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Table 6.11: Recovery study for Ezetimibe

Level Amount of Ezetimibe 
spiked ( pg)

Amount of Ezetimibe 
recovered (pg) % Recovery %RSD

50%

10 10.01 100.1

0.3510 9.98 99.8

10 9.94 99.4

100%

20 19.96 99.8

0.2220 19.92 99.6

20 20.01 100.05

150%

30 30.02 100.1

0.1930 29.93 99.8

30 30.04 100.1

Mean % recovery 99.86

Overall %RSD 0.25

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase, pH of the buffer and composition of the mobile phase. Mixed samples 

of both Simvastatin and Ezetimibe at 20 pg/mL concentration were analyzed under 

these changed experimental conditions. It was observed that there were no marked 

changes in chromatograms, which demonstrated that the developed method was 

robust in nature. The results of robustness study are shown in Table 6.12 & 6.13.
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Table 6.12: Robustness study for Simvastatin

Condition Mean
area % assay % difference

Unaltered 816 99.91 -

Flow rate at 1.3 mL/min 810 99.17 0.74

Flow rate at 1.7mL/min 818 100.1 0.24

Mobile phase:

• (Buffer(23):Acetonitrile(77) 808 98.93 0.99

• (Buffer(27):Acetonitrile(73) 808 98.93 0.99

pH of buffer at 2.8 811 99.30 0.62

pH of buffer at 3.2 814 99.66 0.24

Table 6.13: Robustness study for Ezetimibe

Condition Mean
area % assay % difference

Unaltered 652 99.83 -

Flow rate at 1.3 mL/min 651 99.68 0.15

Flow rate at 1.7mL/min 654 100.1 0.30

Mobile phase:

• (Buffer(23):Acetonitrile(77) 659 100.9 1.06

• (Buffer(27):Acetonitrile(73) 658 100.7 0.92

pH of buffer at 2.8 649 99.37 0.46

pH of buffer at 3.2 648 99.22 0.61

196



5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution: The system suitability parameters are given in 

Table 6.14 & 6.15.

Table 6.14: System suitability for Simvastatin

Parameter Tailing factor Theoretical plates
Specificity study 0.82 6321

Linearity study 0.61 6432

Precision study 0.73 6521

Robustness study

Flow rate at 1.3 mL/min 0.82 6732

Flow rate at 1.7 mL/min 0.61 6728

pH of buffer 2.8 0.81 6432

pH of buffer 3.2 0.63 6393

Mobile phase:

• (Buffer(23):Acetonitrile(77) 0.92 6623

• (Buffer(27):Aeetonitrile(73) 0.72 6278
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Table 6.15: System suitability for Ezetimibe

Parameter Tailing factor Theoretical plates

Specificity study 1.12 7832

Linearity study 1.13 7638

Precision study 1.09 7128

Robustness study
1.06 7345

Flow rate at 1.3 mL/min
1.05 7378

Flow rate at 1.7 mL/min
1.01 7736

pH of buffer 2.8
1.06 7742

pH of buffer 3.2

Mobile phase:

• (Buffer(23):Acetonitrile(77)
1.23 8102

• (Buffer(27):Acetonitrile(73)
1.28 8201

5.7. Limit of detection and Limit of quantification

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and 

precision. For this study six replicates of the analyte at lowest concentration were 

measured and quantified. The LOD and LOQ of Simvastatin and Ezetimibe are given 

in Table 6.16 & 6.17.
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Table 6.16: LOD and LOQ of Simvastatin

Parameter Measured value 
(pg/mL)

Limit of detection 0.21

Limit of quantification 0.60

Table 6.17: LOD and LOQ of Ezetimibe

Parameter Measured value 
(pg/mL)

Limit of detection 0.34

Limit of quantification 1.1

5.8. Solution stability

To determine the stability of Simvastatin and Ezetimibe. in solution, the 

standard and sample solution were observed under room temperature. Any change in 

the retention time, peak shape and variation in response was compared to the pattern 

of chromatogram of freshly prepared solution. The solution stability results are shown 

in the Table 6.18 & 6.19.
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Table 6.18: Solution stability of Simvastatin

Standard solution Sample so ution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 817.762 - Initial 818.012 -

12 819.813 0.25 12 816.823 0.14

24 820.620 0.35 24 818.345 0.04

Table 6.19: Solution stability of Ezetimibe

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 646.108 - Initial 647.001 -

12 649.312 0.5 12 648.121 0.17

24 648.112 0.31 24 651.012 0.62
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the simultaneous analysis of Simvastatin and Ezetimibe 

from bulk samples and their tablet dosage forms. A non-polar Qg analytical 

chromatographic column was chosen as the stationary phase for the separation and 

simultaneous determination of Simvastatin and Ezetimibe. Mixtures of commonly 

used solvents like water, methanol and acetonitrile with or without buffers in different 

combinations were tested as mobile phases. The choice of the optimum composition 

is based on the chromatographic response factor, a good peak shape with minimum 

tailing. A mixture of buffer and acetonitrile in the ratio of 25:75 v/v was proved to be 

the most suitable of all the combinations since the chromatographic peak obtained 

was well defined, better resolved and almost free from tailing. The retention times of 

the Atorvastatin calcium and Ezetimibe were found to be 7.003 and 2.467 min 

respectively.

The linearity was found satisfactory for both the drugs in the range 

10 - 30 pg/mL (Table 6.4 & 6.5). The regression equation of the linearity curve 

between concentrations of Atorvastatin calcium and Ezetimibe over its peak areas 

were found to be Y = 41.269X + 1.1131 (where Y is the peak area and X is the 

concentration of Simvastatin in pg/mL) and Y = 31.974X + 5.2633 (where Y is the 

peak area and X is the concentration of Ezetimibe in pg/mL) respectively. Precision 

of the method was studied by repeated injection of tablet solution and results showed 

lower %RSD values (Table 6.6 - 6.9). This reveals that the method is quite precise.
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The percent recoveries of the drug solutions were studied at three different 

concentration levels. The percent individual recovery and the %RSD at each level 

were within the acceptable limits (Table 6.10 & 6.11). This indicates that the method 

is accurate. The absence of additional peaks in the chromatogram indicates non

interference of the commonly used excipients in the tablets and hence the method is 

specific.

The deliberate changes in the method have not much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 6.12 & 6.13). The system suitability studies were carried out to check 

various parameters such as theoretical plates and tailing factor (Table 6.14 & 6.15). 

The lowest values of LOD and LOQ as obtained by the proposed method indicate that 

the method is sensitive (Table 6.16 & 6.17). The solution stability studies indicate that 

both the drags were stable up to 24 hours (Table 6.18 & 6.19).

Therefore, the proposed method was simple, specific and sensitive and can be 

used for simultaneous analysis of Simvastatin and Ezetimibe in bulk samples and its 

tablet dosage forms.
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1. DRUG PROFILE

1.1. Lisinopril

Lisinopril [Figure 7.1] is Angiotensin Converting Enzyme (ACE) inhibitor. 

It is an antihypertensive drug that act as vasodilator and reduce peripheral resistance. 

It inhibits ACE, which is involved in the conversion of angiotensin -1 to angiotensin 

- II. Angitensin - II stimulates the synthesis and secretion of aldosterone and raises 

blood pressure via a potent direct vasoconstrictor effect. ACE is identical to 

bradykininase (kininase - II) and ACE inhibitors also reduce the degradation of 

bradykinin, which is a direct vasodilator and is also involved in the generation of 

prostaglandins. It is used in the treatment of hypertension and heart failure, 

prophylactically after myocardial infarction, and in diabetic neuropathy [1].

Figure 7.1: Molecular structure of Lisinopril
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Molecular formula : C21H31N305.2H20

Molecular weight : 441.5

Chemical name : N-{N-[(S)-l-Carboxy-3-phenylpropyl]-L-lysyl}-L-proline

dihydrate

Solubility : Lisinopril is soluble in water, sparingly soluble in

methanol and practically insoluble in ethanol.

1.2. Hydrochlorothiazide

Hydrochlorothiazide [Figure 7.2] is used in the treatment of hypertension, 

either alone or with other antihypertensives such as ACE inhibitors and (3-blockers. It 

also used to treat oedema associated with heart failure and with renal and hepatic 

disorders. Other indications have included the treatment of oedema accompanying the 

pre-menstrual syndrome, the prevention of water retention associated with 

corticosteroids and oestrogens, the treatment of diabetes insipidus, and the prevention 

of renal calculus formation in patients with hyperealciuria.

It is a moderately potent diuretic and exert its diuretic effect by reducing 

reabsorption of electrolytes from the renal tubules, thereby increasing the excretion of 

sodium and chloride ions, and consequently of water. It acts mainly at the beginning 

of the distal tubules. [2].
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H

Figure 7.2: Molecular structure of Hydrochlorothiazide 

Molecular formula : C7H8C1N304S2

297.7

: 6-Chloro~3,4-dihydro-2H-1,2,4-benzothiadiazine-7 -

sulphonamide-1,1 -dioxide

: Hydrochlorothiazide is slightly soluble in water and freely

soluble in sodium hydroxide solution.

Table 7.1: List of brand names of combined formulations of Lisinopril and

Molecular weight 

Chemical name

Solubility

Hydrochlorothiazide [3]

s.
No. Brand name Formulation Available strength Address of 

manufacturer

1 CIPRIL-H Tablet
Lisinopril

Hydrochlorothiazide

5mg

12.5mg

Cipla Limited,

Mumbai.

2 LIPRIL-H Tablet
Lisinopril

Hydrochlorothiazide

5 mg

12.5mg

Lupin Laboratories

Limited, Mumbai.

3
LISORIL-5

HT
Tablet

Lisinopril

Hydrochlorothiazide

5mg

12.5mg

IPCA Laboratories

Limited, Mumbai.

4
LISTRIL

PLUS
Tablet

Lisinopril

Hydrochlorothiazide

5 mg

12.5mg

Torrent

pharmaceuticals

limited, Ahmedabad
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2. LITERATURE SURVEY

Several analytical methods have been reported for the determination of 

Lisinopril and Hydrochlorothiazide in pure drug, pharmaceutical dosage forms and in 

biological samples using spcetrophotometry [4-28], liquid chromatography [29-45], 

high performance thin layer chromatography [46-55], gas chromatography [56], 

electrophoresis [57], super critical fluid chromatography [58], flouoroimmunoassay 

[59] and polarography [60,61] either in single or in combined forms.

Raza et al [15] developed a spectrophotometric method for the 

determination of Lisinopril in pharmaceutical pure and dosage forms. This method 

is based on the reaction of ninhydrin with primary amine present in the Lisinopril in 

the presence of dimethyl formamide and produces a greenish blue colored product 

which exhibits maximum absorption at 600 nm. Beer’s law is obeyed in the 

concentration range of 10-150 pg/mL with molar absorptivity of 

4.083 x 10 mole' cm'. Maheshwari et al [20] proposed a method for the 

determination of Hydrochlorothiazide tablets using Lignocaine hydrochloride as 

hydrotropic agent. The drug was measured at 317 nm and linearity was in the range 

of 30 - 150 pg/mL. Recovery values ranged from 98.21 to 101.05%. 

A spectrophotometric method for the determination of Lisinopril was developed by 

Rajashree et al [23] using ninhydrin solution. This method is based on the reaction 

of drug with ninhydrin solution and produces violet chromogen measured at

215



602 nm. Beer’s law is obeyed in concentration range of 10 - 100 pg/mL and molar 

absorptivity was 0.7247 x 10 mole^cm'1.

Tian et al [30] developed a isocratic reverse phase high performance liquid 

chromatographic method for determination of Valsartan and Hydrochlorothiazide in 

tablets using C18 column with mobile phase containing methanol: 

acetonitrile:water:isopropylalcohol (22:18:68:2). The linearity range for Valsartan 

and Hydrochlorothiazide was 5-150 pg/mL and 78 - 234 pg/mL respectively. 

A reverse phase high performance liquid chromatographic method was developed 

for the simultaneous estimation of Bisoprolol fumarate and Hydrochlorothiazide in 

tablet dosage forms was developed by Patel et al [41]. In this method, a lichrospher 

100 Cig column and mobile phase containing water, acetonitrile and tetrahydrofuran 

in the ratio of 80:20:5v/v/v were used. Linearity for Bisoprolol fumarate and 

Hydrochlorothiazide were in the range of 10-150 pg/mL and 1-90 pg/mL 

respectively. LOD and LOQ for Bisoprolol fumarate was found to be 3.5 and 

8.5 pg/mL respectively and for Hydrochlorothiazide was 0.4 and 0.9 pg/mL 

respectively.

Shah et al [49] reported a validated high performance thin layer 

chromatographic method for the simultaneous estimation of Telmisartan and 

Hydrochlorothiazide in combined dosage forms using mobile phase containing a 

mixture of chloroform:methanol:toluene (2:5:5v/v/v) on precoated silica gel 60 F254 

stationary phase. Calibration curve was found to be linear between 250 to
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500 ng/spot for Telmisartan and 200 to 700 ng/spot for Hydrochlorothiazide. LOD 

and LOQ for the Telmisartan were found to be 75 and 190 ng/spot respectively and 

for Hydrochlorothiazide 55 and 150 ng/spot respectively.

El-Enany et al [60] developed a polarographic method for the determination 

of Lisinopril in dosage forms and biological fluids. This method was based on the 

treatment of the compound with nitrous acid followed by measuring the cathodic 

current produced by the resulting nitroso derivative. The limiting diffusion current - 

concentration relationship was found to be rectilinear over the range of 2-24 jxg/mL 

and 0.1-20 |iig/mL using direct current and differential pulse polrographic modes 

respectively. The perentage recoveries adopting the differential pulse polarographic 

mode were 99.71 ± 1.87 and 97.16 ± 1.09 respectively.

3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

simultaneous estimation of Lisinopril and Hydrochlorothiazide using an isocratic 

Agilent LC 1100 series HPLC instrument on a Zorbax SB CN column (150 mm x 

4.6 mm, 5p). The instrument is equipped with a binary pump and variable 

wavelength UV-Visible detector. A 20pL Hamilton syringe was used for injecting 

the samples. Data was analysed by using Chemstation software. Elico SL 159 UV- 

Visible spectrophotometer was used for spectral studies. Degassing of the mobile
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phase was done by using a Loba ultrasonic bath sonicator. A Shimadzu balance was 

used for weighing the materials.

3.2. Chemicals and Solvents

The reference samples of Lisinopril (API) and Hydrochlorothiazide (API) were 

obtained from Dr. Reddy’s laboratories limited, Hyderabad. The branded formulations 

(tablets) (Lipril-H tablets containing 5 mg of Lisinopril and 12.5 mg of 

Hydrochlorothiazide) were procured from the local market. Acetonitrile, Water and 

Methane sulphonic acid used were of HPLC grade and purchased from Merck 

Specialities Private Limited, Mumbai, India.

3.3. The buffer solution

About 1.0 mL of methane sulphonic acid was added to 700 mL of water. This 

solution was mixed and volume made up to 1000 mL with water and filtered through 

0.45p nylon filter.

3.4. The mobile phase

A mixture of above buffer and acetonitrile in the ratio of 70:30 v/v was 

prepared and used as the mobile phase.

3.5. Standard solution of the drug

About 20 mg of Lisinopril and 50 mg of Hydrochlorothiazide standards were 

weighed and transferred into a 50 mL volumetric flask containing 30 mL of the 

mobile phase. The solution was sonicated for 5 min and then volume was made up 

with a further quantity of the mobile phase to get a concentration of 400pg/mL and 

lOOOpg/mL of Lisinopril and Hydrochlorothiazide solution respectively. 5.0 mL of
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this solution was further diluted to 50 mL with the mobile phase to get a concentration 

of 40pg/mL and 100pg/mL of Lisinopril and Hydrochlorothiazide respectively.

3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 20 mg of Lisinopril and 50 mg of 

Hydrochlorothiazide was transferred to a 50 mL volumetric flask containing 30 mL of 

the mobile phase. The contents of the flask were sonicated for about 10 min for 

complete solubility of the drug and volume made up with further quantity of the 

mobile phase. Then this mixture was filtered through whatman No.41 filter paper. 

5.0 mL of this filtrate was further diluted to 50 mL with the mobile phase.

4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by varying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

puipose.

4.1. Detection wavelength

The spectra of diluted solutions of the Lisinopril and Hydrochlorothiazide were 

recorded separately on UV spectrophotometer. The peaks of maximum absorbance 

wavelengths were observed. The spectra of the both Lisinopril and
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Hydrochlorothiazide were showed that a balanced wavelength was found to be 

215 nm.

4.2. Choice of stationary phase

Preliminary development trials have performed with octyl octadecyl and cyano 

columns with different types, configurations and from different manufacturers. 

Finally the expected separation and shapes of peak was succeeded in Zorbax SB CN 

column.

4.3. Selection of the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.

To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as the mobile phases on a cyano silane stationary 

phase. A mixture of buffer and acetonitrile in the ratio of 70:30 v/v was proved to be 

the most suitable of all the combinations since the chromatographic peaks obtained 

were better defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 mL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the 

maximum saving on the usage of solvents. It was found from the experiments that 

1.5 mL/min flow rate was ideal for the successful elution of the analyte.
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4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above are shown in Table 7.2. These 

optimized conditions were followed for the simultaneous determination of Lisinopril 

and Hydrochlorothiazide in bulk samples and its combined tablet formulations. The 

chromatograms of standard and sample are shown in Figure 7.3 and Figure 7.4.

Table 7.2: Optimized chromatographic conditions for simultaneous estimation of 

Lisinopril and Hydrochlorothiazide in combined tablet dosage form

Mobile phase : Buffer:Acetonitrile: = 70:30 v/v

Pump mode : Isocratic

Buffer : 0.1% Methane sulphonie acid

Diluent : The mobile phase

Column : Zorbax SB CN 150mm x 4.6 mm, 5.0p

Column Temp : 45 °C '

Wavelength : 215 nm

Injection Volume : 20 pi

Flow rate : 1.5 niL/min

Run time : 10 min

Typical tR •
•

Lisinopril : 2.973 min

Hydrochlorothiazide: 7.672 min
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Figure 7.3: Chromatogram of standard solution

Figure 7.4: Chromatogram of sample (tablet) solution
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5. VALIDATION OF THE PROPOSED METHOD

The proposed method was validated as per ICH [62] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention times 

of standard and sample. The specificity results are shown in Table 7.3.

Table 7.3: specificity study

Name of solution Retention time 
(min)

Blank No peaks

Lisinopril 2.973

Hydrochlorothiazide 7.672

5.2. Linearity

Linearity was performed by preparing mixed standard solutions of Lisinopril 

and Hydrochlorothiazide at different concentration levels including working 

concentration mentioned in experimental condition i.e.40 and lOOpg/mL for 

Lisinopril and Hydrochlorothiazide respectively. Twenty microlitres of each
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concentration was injected in duplicate into the HPLC system. The response was read 

at 215 nm and the corresponding chromatograms were recorded. From these 

chromatograms, the mean peak areas were calculated and linearity plots of 

concentration over the mean peak areas were constructed individually. The 

regressions of the plots were computed by least square regression method. Linearity 

results are presented in Table 7.4 & 7.5 and linearity plots are shown in Figure 7.5 & 

7.6.

Table 7.4: Linearity study of Lisinopril

Level Concentration of 
Lisinopril (jig/mL) Mean peak area

Level -1 20 697466

Level -2 32 1110988

Level -3 36 1241983

Level -4 40 1391224

Level -5 44 1496287

Level -6 48 1669431

Level -7 60 2083567

Slope 34602.33

Intercept 286.534

Correlation Coefficient 0.9998

Range: 50 to 150 % of target concentration (Le. 20 to 60 pg/mL)
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Table 7.5: Linearity study of Hydrochlorothiazide

Level
Concentration of 

Hydrochlorothiazide 
(pg/mL)

Mean peak area

Level -1 50 3056562

Level -2 80 4892616

Level -3 90 5612836

Level -4 100 6113152

Level -5 110 6694467

Level -6 120 7335612

Level -7 150 9063918

Slope 60654.82

Intercept 38848.79

Correlation Coefficient 0.9998

Range: 50 to 150 % of target concentration (i.e. 50 to 150 jig/mL)
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5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate mixed standard solutions of 

Lisinopril and Hydrochlorothiazide were injected. The percent relative standard 

deviation (% RSD) was calculated and it was found to be 0.05and 0.11 for Lisinopril 

and Hydrochlorothiazide respectively, which are well within the acceptable criteria of 

not more than 2.0. Results of system precision studies are shown in Table 7.6.

Table 7.6: System precision study

Injection
number

Area of 
Lisinopril

Area of
Hydrochlorothiazide Acceptance criteria

1 1399112 6161924

2 1397678 6164658
The %RSD of peak

3 1398527 6173584
areas of Lisinopril and

4 1397866 6173176
Hydrochlorothiazide

5 1399302 6174789
should not be more

6 1398891 6180506
than 2.0

Mean 1398563 6171441

%RSD 0.05 0.11
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5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablet samples of Lisinopril and Hydrochlorothiazide and percent amount of both 

were calculated. The %RSD of the assay result of six preparations in method 

precision study was found to be 1.22 and 0.51 for Lisinopril and Hydrochlorothiazide 

respectively, which are well within the acceptance criteria of not more than 2.0. The 

results obtained for assay of Lisinopril and Hydrochlorothiazide is presented in Table 

7.7.

Table 7.7: Method precision study

Sample
number

% Assay
Lisinopril Hydrochlorothiazide

1 97.42 98.73

2 98.04 98.80

3 99.60 99.82

4 99.92 99.69

5 96.90 98.67

6 98.77 99.20

Mean 98.44 99.15

%RSD 1.22 0.51

228



5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Lisinopril and Hydrochlorothiazide and the percent amount of Lisinopril and 

Hydrochlorothiazide was calculated. The %RSD of the assay result of six preparations 

in intermediate precision study was 0.36 and 0.31 for Lisinopril and 

Hydrochlorothiazide respectively, which are well within the acceptance criteria of not 

more than 2.0.The results of intermediate precision study are reported in Table 7.8 & 

7.9.

Table 7.8: Intermediate precision study of Lisinopril

Preparation
number % Assay Mean %RSD

1 99.62

2 99.51

3 99.12
99.14 0.36

4 98.69

5 98.92

6 99.01
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Table 7.9: Intermediate precision study of Hydrochlorothiazide

Preparation
number % Assay Mean %RSD

1 100.52

2 100.21

3 99.81

4 99.78
100.12 0.31

5 100.01

6 100.41

5.4. Accuracy

The accuracy of the method was determined by standard addition method. A 

known amount of standard drug was added to the fixed amount of pre-analyzed tablet 

solution. Percent recovery was calculated by comparing the area before and after the 

addition of the standard drug. The standard addition method was performed at 50%, 

100% and 150% level. The solutions were analyzed in triplicate at each level as per 

the proposed method. The percent recoveiy and % RSD at each level was calculated 

and results are presented in Table 7.10 & 7.11. Satisfactory recoveries ranging from 

97.56 to 101.35 for Lisinopril and 97.56 to 100.15 for Hydrochlorothiazide 

respectively were obtained by the proposed method. This indicates that the proposed 

method was accurate.
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Table 7.10: Recovery study for Lisinopril

Level Amount of Lisinopril 
spiked ( pg)

Amount of Lisinopril 
recovered (pg) % Recovery %RSD

50%

20 20.27 101.35

0.8120 20.03 100.1

20 19.96 99.82

100%

40 39.80 99.49

0.1740 39.92 99.80

40 39.80 99.49

150%

60 59.60 99.32

0.9460 59.38 98.97

60 58.54 97.56

Mean % recovery 99.54

Overall %RSD 0.64
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Table 7.11: Recovery study for Hydrochlorothiazide

Level
Amount of 

Hydrochlorothiazide 
spiked (pg)

Amount of 
Hydrochlorothiazide 

recovered (pg)
% Recovery %RSD

50 49.93 99.87

50% 50 50.07 100.15 0.17

50 49.91 99.82

100 98.62 98.62

100% 100 99.07 99.07 0.23

100 98.88 98.88

150 148.0 98.61

150% 150 147.2 98.12 0.58

150 146.3 97.56

Mean % recovery 98.97

Overall %RSD 0.33

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase, temperature of the column and composition of the mobile phase. Mixed 

samples of Lisinopril and Hydrochlorothiazide at a concentration of 40pg/mL and 

lOOpg/mL respectively were analyzed under these changed experimental conditions.
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It was observed that there were no marked changes in chromatograms, which 

demonstrated that the developed method was robust in nature. The results of 

robustness study are shown in Table 7.12 & 7.13.

Table 7.12: Robustness study for Lisinopril

Condition Mean area % assay % difference
Unaltered 1356598 98.04 -

Flow rate at 1.3 mL/min 1377156 98.67 0.63

Flow rate at 1.7mL/min 1368150 98.92 0.88

Mobile phase:

• (Buffer(72):Acetonitrile(28)) 1383705 98.70 0.66

• (Buffer(68):Acetonitrile(32)) 1393609 98.80 0.76

Temperature of column at 43°C 1368400 98.59 0.55

Temperature of column at 47°C 1367680 98.98 0.94

233



Table 7.13: Robustness study for Hydrochlorothiazide

Condition Mean area % assay % difference
Unaltered 6229950 98.80 -

Flow rate at 1.3 mL/min 6120960 99.57 0.77

Flow rate at 1.7mL/min 6054828 99.91 -1.11

Mobile phase:

• (Buffer(72):Acetonitrile(28)) 6152764 98.92 0.12

• (Buffer(68):Acetonitrile(32)) 6134004 98.52 0.28

Temperature of column at 43°C 6039020 98.46 0.34

Temperature of column at 47°C 6057222 98.73 0.07

5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution. The system suitability parameters are given in 

Table 7.14 & 7.15.

)
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Table 7.14: System suitability for Lisinopril

Parameter Tailing factor Theoretical plates
Specificity study 1.51 5289

Linearity study 1.56 5612

Precision study 1.49 5354

Robustness study

Flow rate at 1.3 mL/min 1.52 5621

Flow rate at 1.7 mL/min 1.55 5631

Column temperature at 43°C 1.56 5822

Column temperature at 47°C 1.49 5628

Mobile phase:

• (Buffer(72):Acetonitrile(28)) 1.53 5296

• (Buffer(68):Acetonitrile(32)) ' 1.55 5463
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Table 7.15: System suitability for Hydrochlorothiazide

Parameter Tailing factor Theoretical plates
Specificity study 1.32 7825

Linearity study 1.36 7654

Precision study 1.41 7695

Robustness study

Flow rate at 1.3 mL/min 1.32 7852

Flow rate at 1.7 mL/min 1.31 7862

Column temperature at 43 °C 1.36 7725

Column temperature at 47°C 1.37 7781

Mobile phase:

• (Buffer(72):Acetonitrile(28)) 1.37 7659

• (Buffer(68):Aeetonitrile(32)) 1.36 7358

5.7. Limit of detection and Limit of quantification

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and 

precision. For this study six replicates of the analyte at lowest concentration were 

measured and quantified. The LOD and LOQ of Lisinopril and Hydrochlorothiazide 

are given in Table 7.16 & 7.17.
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Table 7.16: LOD and LOQ of Lisinopril

Parameter Measured value 
(ug/mL)

Limit of detection 0.06

Limit of quantification 0.20

Table 7.17: LOD and LOQ of Hydrochlorothiazide

Parameter Measured value 
(pg/mL)

Limit of detection 0.11

Limit of quantification 0.25

5.8. Solution stability

To determine the stability of Lisinopril and Hydrochlorothiazide in solution, 

the standard and sample solution were observed under room temperature. Any change 

in the retention time, peak shape and variation in response was compared to the 

pattern of chromatogram of freshly prepared solution. The solution stability results are 

shown in the Table 7.18 & 7.19.
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Table 7.18: Solution stability of Lisinopril

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 1371095 - Initial 1374177 -

12 1375012 0.29 12 1357823 0.87

24 1396771 1.87 24 1351601 -1.32

Table 7.19: Solution stability of Hydrochlorothiazide

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 6229950 - ■ Initial 6045264 -

12 6212618 -0.28 12 6194696 1.63

24 6190328 -0.64 24 6142294 0.78
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the simultaneous analysis of Lisinopril and 

Hydrochlorothiazide from bulk samples and their tablet dosage forms. A cyano 

analytical chromatographic column was chosen as the stationary phase for the 

separation and simultaneous determination of Lisinopril and Hydrochlorothiazide 

Mixtures of commonly used solvents like water, methanol and acetonitrile with or 

without buffers in different combinations were tested as mobile phases. The choice of 

the optimum composition is based on the chromatographic response factor, a good 

peak shape with minimum tailing. A mixture of buffer and acetonitrile in the ratio of 

70:30 v/v was proved to be the most suitable of all the combinations since the 

chromatographic peak obtained was well defined, better resolved and almost free 

from tailing. The retention times of the Lisinopril and Hydrochlorothiazide were 

found to be 2.973 and 7.672 min respectively.

The linearity was found satisfactory for Lisinopril and Hydrochlorothiazide in 

the range 20 - 60 pg/mL and 50 - 150 pg/mL respectively (Table 7.4 & 7.5). The 

regression equation of the linearity curve between concentrations of Lisinopril and 

Hydrochlorothiazide over its peak areas were found to be Y = 34602.33X + 286.534 

(where Y is the peak area and X is the concentration of Lisinopril in pg/mL) and 

Y = 60654.82X + 38848.79 (where Y is the peak area and X is the concentration of 

Hydrochlorothiazide in pg/mL) respectively. Precision of the method was studied by 

repeated injection of tablet solution and results showed lower %RSD values
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(Table 7.6 - 7.9). This reveals that the method is quite precise. The percent recoveries 

of the drug solutions were studied at three different concentration levels. The percent 

individual recovery and the %RSD at each level were within the acceptable limits 

(Table 7.10 & 7.11). This indicates that the method is accurate. The absence of 

additional peaks in the chromatogram indicates non-interference of the commonly 

used excipients in the tablets and hence the method is specific.

The deliberate changes in the method have not much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 7.12 & 7.13). The system suitability studies were carried out to check 

various parameters such as theoretical plates and tailing factor (Table 7.14 & 7.15). 

The lowest values of LOD and LOQ as obtained by the proposed method indicate that 

the method is sensitive (Table 7.16 & 7.17). The solution stability studies indicate 

that both the drugs were stable up to 24 hours (Table 7.18 & 7.19).

Therefore, the proposed method was simple, specific and sensitive and can be 

used for simultaneous analysis of Lisinopril and Hydrochlorothiazide in bulk samples 

and its tablet dosage forms.
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1. DRUG PROFILE

1.1. Lopinavir

Lopinavir [Figure 8.1] is a selective, competitive, reversible inhibitor of HIV-1 

protease. It interferes with the formation of essential viral proteins making them 

incapable of infecting other cells. It is formulated with low dose Ritonavir, which acts 

as a pharmacokinetic enhancer. The combination is used in the treatment of HIV 

infection and AIDS. Ritonavir-boosted Lopinavir is also recommended for HIV post 

exposure prophylaxis [1].

Figure 8.1: Molecular structure of Lopinavir 

Molecular formula : C37H48N405

Molecular weight : 628.8

Chemical name : (aS)-Tetrahydro-N-((aS)-a{(2S,3S)-2-hydroxy-4-phenyl-

3-[2-(2,6-xylyloxy)acetamido]butylphenethyl-a-isopropyl 

-2-oxo-l-(2H)-pyrimidine acetamide.
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Solubility : Lopinavir is freely soluble in methanol and ethanol,

soluble in isopropanol and practically insoluble in water.

1.2. Ritonavir

Ritonavir [Figure 8.2] is an HTV-protease inhibitor with antiviral activity 

against HIV. It is used in the treatment of HIV infection and AIDS. It is a selective, 

competitive, reversible inhibitor of HTV protease. It is active against HIV-1 and, to a 

lesser extent, HIV-2. It interferes with the formation of essential viral proteins making 

them incapable of infecting other cells. It is also a potent inhibitor of the cytochrome 

P 450 sub family CYP 3A (chiefly the isoenzyme CYP3A4), and low dose Ritonavir 

is used with other HIV protease inhibitors to decrease their metabolism and thus 

increase plasma concentrations of the other protease inhibitor; such use is referred to 

as Ritonavir pharmacokinetic enhancement or Ritonavir boosted therapy [2].

Figure 8.2: Molecular structure of Ritonavir
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Molecular formula 

Molecular weight 

Chemical name

Solubility

C37H48N6O5S2

720.9

5-Thiazolyhnethyl{(aS)-a-[(lS, 3S)-l-hydroxy-3-((2S) -

2- { 3-[(2-isopropyl-4-thiazolyl) methyl]-3-methylureido }-

3- methylbutyramido)-4-phenylbutyl]phenethyl}carbamate 

Ritonavir is freely soluble in methanol and ethanol, 

soluble in isopropanol and practically insoluble in water.

Table 8.1: List of brand names of combined formulations of Lopinavir and Ritonavir [3]

s.
No.

Brand name Formulation Available strength
Address of

manufacturer

1 EMLETRA Tablet
Lopinavir

Ritonavir

200mg

50mg

Emcure Pharmaceutical

Limited, Pune

2 LOPIMUNE Tablet
Lopinavir

Ritonavir

200mg

50mg
Cipla Limited, Mumbai

3 RITOCOM Tablet
Lopinavir

Ritonavir

200mg

50mg

Hetero Healthcare

Limited, Hyderabad

4 V-LETRA Tablet
Lopinavir

Ritonavir

133.3mg

33.3mg

Ranbaxy Laboratories

Limited, Gurgaon
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2. LITERATURE SURVEY

Several analytical methods have been reported for the determination of 

Lopinavir and Roitonavir in pure drug, pharmaceutical dosage forms and in biological 

samples using spcetrophotometiy [4], liquid chromatography [5-53], and high 

performance thin layer chromatography [54] either in single or in combined forms.

Carolina et al [4] developed a UV-derivative spectrophotometric method for 

the determination of Ritonavir in soft gelatin capsules. This method based on 

recording second derivative spectra at 222.3 nm and linearity was found to be in the 

range 10-30 pg/mL. Mean recoveries were between 99.2 and 100.2% for the tested 

capsules. This method was also compared with LC method.

Seshachalam [20] proposed a validated isocratic liquid chromatographic 

method for the determination of Lopinavir from its related impurities using Cg column 

and mobile phase consisting 50mM potassium phosphate buffer, acetonitrile and 

methanol in the ratio of 40:50:10 v/v. In this method, the drug was subjected for 

different stress condition to study the stability of drug. A high performance liquid 

chromatographic method to assay Ritonavir in soft capsules was developed by 

Dias et al [33]. This method based on separation of drug on Cg column with mobile 

phase containing methanol and water (67:33 v/v). In this method, calibration curve 

was linear from 100 - 300 pg/mL. Recoveries ranged from 98.8 to 102.0% with 

%RSD of precision study were less than 1.0. Mangaonkar et al [53] developed a high 

performance liquid chromatographic method for the simultaneous estimation of 

Lopinavir and Ritonavir from capsule by external standard method. In this method,
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the analytes were separated by using mobile phase of 45:55v/v mixture of potassium 

dihydrogen phosphate buffer: solvent mixture (acetonitrile and methanol (80:20)) on 

Zorbax SB Cig column and linearity was in the range of 10 to 30 pg/mL and 35 to 

100 pg/mL for Lopinavir and Ritonavir respectively.

Sulebhavikar et al [54] reported a validated high performance thin layer 

chromatography method for the simultaneous determination of Lopinavir and 

Ritonavir from pharmaceutical preparation. In this method, separation was performed 

on alumunium backed silica gel 60 F254 plates using mobile phase comprising of 

toluene, ethyl acetate, methanol and glacial acetic acid in the volume ratio of 

7:2:0.5:0.5 respectively. Linearity was in the range of 6.67 to 20 pg/spot and 1.67 to 

5.0 pg/spot for Lopinavir and Ritonavir respectively. LOD was 21.00 and 5.10 

pg/spot and LOQ was 7.00 and 21.00pg/ spot for Lopinavir and Ritonavir 

respectively.

3. EXPERIMENTAL

3.1. Instrumentation

The author had attempted to develop a liquid chromatographic method for 

simultaneous estimation of Lopinavir and Ritonavir using an isocratic Shimadzu 

prominence HPLC instrument on a phenomenex Luna Cig column (250 mm x 

4.6 mm, 5p). The instrument is equipped with a LC 20AT pump and variable 

wavelength programmable UV-Visible detector, SPD-20A. A 20pL Hamilton 

syringe was used for injecting the samples. Data was analysed by using spinchrome
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software. Elico SL 159 UV-Visible spectrophotometer was used for spectral studies. 

Degassing of the mobile phase was done by using a Loba ultrasonic bath sonicator. 

A Shimadzu balance was used for weighing the materials.

3.2. Chemicals and Solvents

The reference samples of Lopinavir (API) and Rotonavir (API) were obtained 

from Ranbaxy laboratories limited, Gurgaon. The branded formulations (tablets) 

(Lopimune tablets containing 200 mg of Lopinavir and 50 mg of Ritonavir) were 

procured from the local market. Acetonitrile, Water, hexane sulfonic acid and 

o-phosphoric acid used were of HPLC grade and sodium dihydrogen phosphate AR 

grade were purchased from Merck Specialities Private Limited, Mumbai, India.

3.3. The buffer solution

About 7.8 gm of sodium dihydrogen orthophosphate and 1.8 gm of hexane 

sulfonic acid were transferred into a 1000 mL volumetric flask containing 700 mL of 

water. The contents were sonicated for about 5 minutes and the volume made upto 

1000 mL with water. This solution was mixed and pH was adjusted to 4.0 with 

orthophosphoric acid and filtered through 0.45p nylon filter.

3.4. The mobile phase

A mixture of above buffer and acetonitrile in the ratio of 50:50 v/v was 

prepared and used as the mobile phase.

3.5. Standard solution of the drug

About 300 mg of Lopinavir and 75 mg of Ritonavir standards were weighed 

and transferred into a 100 mL volumetric flask containing 60 mL of the mobile phase.
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The solution was sonicated for 5 min and then volume was made up with a further 

quantity of the mobile phase to get a concentration of 3 mg/mL and 0.75 mg/mL of 

Lopinavir and Ritonavir solution respectively. 10.0 mL of this solution was further 

diluted to 100 mL with the mobile phase to get a concentration of 300pg/mL and 

75pg/mL of Lopinavir and Ritonavir respectively.

3.6. Sample (tablet) solution

Twenty tablets were weighed and finely powdered. An accurately weighed 

portion of this powder equivalent to 300 mg of Lopinavir and 75 mg of Ritonavir was 

transferred to a 100 mL volumetric flask containing 60 mL of the mobile phase. The 

contents of the flask were sonicated for about 10 min for complete solubility of the 

drug and volume made up with further quantity of the mobile phase. Then this 

mixture was filtered through whatman No.41 filter paper. 10.0 mL of this filtrate was 

further diluted to 100 mL with the mobile phase.

4. METHOD DEVELOPMENT

For developing the method, a systematic study of the effect of various factors 

was undertaken by varying one parameter at a time and keeping all other conditions 

constant. Method development consists of selecting the appropriate wave length and 

choice of stationary and mobile phases. The following studies were conducted for this 

purpose.
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4.1. Detection wavelength

The spectra of diluted solutions of the Lopinavir and Ritonavir were recorded 

separately on UV spectrophotometer. The peaks of maximum absorbance 

wavelengths were observed. The spectra of the both Lopinavir and Ritonavir were 

showed that a balanced wavelength was found to be 210 nm.

4.2. Choice of stationary phase

Preliminary development trials have performed with octadecyl columns with 

different types, configurations and from different manufacturers. Finally the expected 

separation and shapes of peak was succeeded in Phenomenex Luna C]8 column.

4.3. Selection of the mobile phase

In order to get sharp peak and base line separation of the components, the 

author has carried out a number of experiments by varying the composition of various 

solvents and its flow rate.

To effect ideal separation of the drug under isocratic conditions, mixtures of 

solvents like water, methanol and acetonitrile with or without different buffers in 

different combinations were tested as the mobile phases on a Qg stationary phase. A 

mixture of buffer and acetonitrile in the ratio of 50:50 v/v was proved to be the most 

suitable of all the combinations since the chromatographic peaks obtained were better 

defined and resolved and almost free from tailing.

4.4. Flow rate

Flow rates of the mobile phase were changed from 0.5 - 2.0 iiiL/min for 

optimum separation. A minimum flow rate as well as minimum run time gives the
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maximum saving on the usage of solvents. It was found from the experiments that 

1.0 mL/min flow rate was ideal for the successful elution of the analyte.

4.5. Optimized chromatographic conditions

Chromatographic conditions as optimized above are shown in Table 8.2. These 

optimized conditions were followed for the simultaneous determination of Lopinavir 

and Ritonavir in bulk samples and its combined tablet formulations. The 

chromatograms of standard and sample are shown in Figure 8.3 and Figure 8.4.

Table 8.2: Optimized chromatographic conditions for simultaneous estimation of

Lopinavir and Ritonavir in combined tablet dosage form

Mobile phase : Buffer:Acetonitrile = 50:50 v/v

Pump mode : Isoeratic

Buffer pH : 4 ± 0.05

Diluent : Mobile phase

Column rPhenomenex Luna Qg, 250mm x 4.6 mm, 5.Op

Column Temp : Ambient

Wavelength :210nm

Injection Volume : 20 pi

Flow rate : 1.0 mL/min

Run time : 20 min

Typical tR •
•

Lopinavir : 6.558 min
Ritonavir : 18.380 min
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Figure 8.3: Chromatogram of standard solution

Figure 8.4: Chromatogram of sample (tablet) solution
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5. VALIDATION OF THE PROPOSED METHOD

•The proposed method was validated as per ICH [55] guidelines. The 

parameters studied for validation were specificity, linearity, precision, accuracy, 

robustness, system suitability, limit of detection, limit of quantification, and solution 

stability.

5.1. Specificity

The specificity of method was performed by comparing the chromatograms of 

blank, standard and sample. It was found that there is no interference due to excipients 

in the tablet formulation and also found good correlation between the retention times 

of standard and sample. The specificity results are shown in Table 8.3.

Table 8.3: Specificity study

Name of solution Retention time 
(min)

Blank No peaks

Lopinavir 6.558

Ritonavir 18.380

5.2. Linearity

Linearity was performed by preparing mixed standard solutions of Lopinavir 

and Ritonavir at different concentration levels including working concentration 

mentioned in experimental condition i.e.300 and 75pg/mL for Lopinavir and 

Ritonavir respectively. Twenty microlitres of each concentration was injected in 

duplicate into the HPLC system. The response was read at 210 nm and the
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corresponding chromatograms were recorded. From these chromatograms, the mean 

peak areas were calculated and linearity plots of concentration over the mean peak 

areas were constructed individually. The regressions of the plots were computed by 

least square regression method. Linearity results are presented in Table 8.4 & 8.5 and 

linearity plots were shown in Figure 8.5 & 8.6.

Table 8.4: Linearity study of Lopinavir

Level Concentration of Lopinavir 
(pg/mL) Mean peak area

Level -1 150 346.73368

Level -2 240 558.02491

Level -3 270 624.81955

Level -4 300 698.67931

Level -5 330 776.77460

Level -6 360 843.46829

Level-7 450 1046.82886

Slope 2.3373

Intercept -1.621

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 150 to 450 pg/mL)
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Table 8.5: Linearity study of Ritonavir

Level Concentration of Ritonavir 
Oig/mL) Mean peak area

Level -1 37.5 631.71219

Level -2 60.0 1014.48895

Level -3 67.5 1139.46125

Level -4 75.0 1273.78095

Level -5 82.5 1414.34330

Level -6 90.0 1535.98432

Level -7 112.5 1907.93105

Slope 17.036

Intercept -3.276

Correlation Coefficient 0.9999

Range: 50 to 150 % of target concentration (i.e. 37.5 to 112.5 jxg/mL)
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Linearity plot ofLopinavir

Figure 8.5: Linearity plot ofLopinavir

Linearity plot of Ritonavir

Figure 8.6: Linearity plot of Ritonavir
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5.3. Precision

Precision is the degree of repeatability of an analytical method under normal 

operational conditions. Precision of the method was performed as system precision, 

method precision and intermediate precision.

5.3.1. System precision

To study the system precision, six replicate mixed standard solutions of 

Lopinavir and Ritonavir were injected. The percent relative standard deviation 

(% RSD) was calculated and it was found to be 0.16 and 0.11 for Lopinavir and 

Ritonavir respectively, which are well within the acceptable criteria of not more than 

2.0. Results of system precision studies are shown in Table 8.6.

Table 8.6: System precision study

Injection
number Area of Lopinavir Area of Ritonavir Acceptance

criteria
1 697.16449 1267.04785

2 699.33032 1267.72998 The %RSD of

3 699.74530 1268.57666 peak areas of

4 699.35291 1269.06335 Lopinavir and

5 700.43939 1271.21082 Ritonavir

6 699.35089 1269.17993 should not be

Mean 699.23055 1268.80143 more than 2.0

%RSD 0.16 0.11
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5.3.2. Method precision

The method precision study was carried out on six preparations from the same 

tablet samples of Lopinavir and Ritonavir and percent amount of both were 

calculated. The %RSD of the assay result of six preparations in method precision 

study was found to be 0.31 and 0.27 for Lopinavir and Ritonavir respectively, which 

are well within the acceptance criteria of not more than 2.0. The results obtained for 

assay of Lopinavir and Ritonavir is presented in Table 8.7.

Table 8.7: Method precision study

Sample
number

%ALssay
Liponavir Ritonavir

1 97.47 96.62

2 97.25 96.42

3 96.67 95.96

4 97.19 96.53

5 96.82 96.06

6 96.95 96.36

Mean 97.06 96.33

%RSD 0.31 0.27
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5.3.3. Intermediate precision

The intermediate precision study was carried out by different analysts, 

different columns, different reagents using different HPLC systems from the same 

tablet of Lopinavir and Ritonavir and the percent amount of Lopinavir and Ritonavir 

was calculated. The %RSD of the assay result of six preparations in intermediate 

precision study was 0.61 and 0.31 for Lopinavir and Ritonavir respectively, which are 

well within the acceptance criteria of not more than 2.0.The results of intermediate 

precision study are reported in Table 8.8 & 8.9.

Table 8.8: Intermediate precision study of Lopinavir

Preparation
number % Assay Mean %RSD

1 97.49

2 97.06

3 98.01
97.90 0.61

4 97.89

5 98.32

6 98.61
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Table 8.9: Intermediate precision study of Ritonavir

Preparation
number % Assay Mean %RSD

1 96.33

2 96.93

3 97.01
96.88 0.31

4 96.92

5 97.22

6 96.87

5.4. Accuracy

The accuracy of the method was determined by standard addition method. 

A known amount of standard drug was added to the fixed amount of pre-analyzed 

tablet solution. Percent recovery was calculated by comparing the area before and 

after the addition of the standard drug. The standard addition method was performed 

at 50%, 100% and 150% level. The solutions were analyzed in triplicate at each level 

as per the proposed method. The percent recovery and % RSD at each level was 

calculated and results are presented in Table 8.10 & 8.11. Satisfactory recoveries 

ranging from 99.83 to 101.55 and 99.83 to 100.94 for Lopinavir and Ritonavir 

respectively were obtained by the proposed method. This indicates that the proposed 

method was accurate.
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Table 8.10: Recovery study for Lopinavir

Level Amount of Lopinavir 
spiked ( pg)

Amount of Lopinavir 
recovered (pg) % Recovery %RSD

50%

150 150.5 100.33

0.33150 151.0 100.66

150 150.0 100.00

100%

300 300.0 100.00

0.10300 299.5 99.83

300 300.0 100.00

150%

450 457.0 101.55

0.40450 454.5 101.00

450 453.5 100.77

Mean % recovery 100.46

Overall %RSD 0.57
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Table 8.11: Recovery study for Ritonavir

Level Amount of Ritonavir 
spiked ( pg)

Amount of Ritonavir 
recovered (pg) % Recovery %RSD

50%

37.5 49.93 100.33

0.0937.5 50.07 100.33

37.5 49.91 100.17

100%

75.0 98.62 99.83

0.0975.0 99.07 100.00

. 75.0 98.88 99.92

150%

112.5 148.0 100.94

0.38112.5 147.2 100.61

112.5 146.3 100.17

Mean % recovery 100.26

Overall %RSD 0.35

5.5. Robustness

The robustness study was performed by slight modification in flow rate of the 

mobile phase, pH of the buffer and composition of the mobile phase. Mixed samples 

of Lopinavir and Ritonavir at a concentration of 300pg/mL and 75pg/mL respectively 

were analyzed under these changed experimental conditions. It was observed that
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there were no marked changes in chromatograms, which demonstrated that the 

developed method was robust in nature. The results of robustness study are shown in 

Table 8.12 & 8.13.

Table 8.12: Robustness study for Lopinavir

Condition Mean area % assay % difference
Unaltered 702.60721 97.47 -

Flow rate at 0.8 mL/min 843.60208 97.87 0.40

Flow rate at 1.2 mL/min 762.89652 97.98 0.51

Mobile phase:

• (Buffer(48):Acetonitrile(52)) 677.13132 96.82 0.65

• (Buffer(52):Acetonitrile(48)) 672.79257 96.88 0.59

pH of buffer at 4.2 673.92301 96.62 0.58

pH of buffer at 3.8 678.0126 96.68 0.69
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Table 8.13: Robustness study for Ritonavir

Condition Mean area %
assay

%
difference

Unaltered 1276.80158 96.62 -

Flow rate at 0,8 mL/min 1524.61591 96.35 0.27

Flow rate at 1.2 mL/min 1215.36548 96.47 0.15

Mobile phase:
0.58

• (Buffer(48):Acetonitrile(52)) 1220.59558 96.04
0.84

• (Buffer(52):Acetonitrile(48)) 1212.84119 95.78

pH of buffer at 4.2 1219.62316 96.12 0.43

pH of buffer at 3.8 1210.78921 96.01 0.39

5.6. System suitability

System suitability was studied under each validation parameters by injecting 

six replicates of the standard solution. The system suitability parameters are given in 

Table 8.14 & 8.15.
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Table 8.14: System suitability for Lopinavir

Parameter Tailing factor Theoretical plates

Specificity study 1.01 10952

Linearity study 1.03 11876

Precision study 1.06 11968

Robustness study

Flow rate at 0.8 mL/min 1.09 13440

Flow rate at 1.2 mL/min 1.07 10420

pH of buffer at 4.2 1.06 11254

pH of buffer at 3.8 1.09 13265

Mobile phase:

• (Buffer(48):Acetonitrile(52)) 1.08 13521

• (Buffer(52):Acetonitrile(48)) 1.06 12568
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Table 8.15: System suitability for Ritonavir

Parameter Tailing factor Theoretical plates

Specificity study 1.01 12658

Linearity study 1.00 13549

Precision study 0.98 13803

Robustness study

Flow rate at 0.8 mL/min 1.01
•>

15105

Flow rate at 1.2 mL/min 0.99 12350

pH of buffer at 4.2 0.98 12964

pH of buffer at 3.8 1.02 14358

Mobile phase:

• (Buffer(48):Acetonitrile(52)) 0.98 13564

• (Buffer(52):Acetonitrile(48)) 1.01 14986

5.7. Limit of detection and Limit of quantification
*

Limit of detection (LOD) is defined as the lowest concentration of analyte that 

gives a detectable response. Limit of quantification (LOQ) is defined as the lowest 

concentration that can be quantified reliably with a specified level of accuracy and 

precision. For this study six replicates of the analyte at lowest concentration were 

measured and quantified. The LOD and LOQ of Lopinavir and Ritonavir are given in 

Table 8.16 & 8.17.

275



Table 8.16: LOD and LOQ of Lopinavir

Parameter Measured value 
Oig/mL)

Limit of detection 0.78

Limit of quantification 2.51

Table 8.17: LOD and LOQ of Ritonavir

Parameter Measured value 
(ng/mL)

Limit of detection 0.45

Limit of quantification 1.36

5.8. Solution stability.

To determine the stability of Lopinavir and Ritonavir in solution, the standard 

and sample solution were observed under room temperature. Any change in the 

retention time, peak shape and variation in response was compared to the pattern of 

chromatogram of freshly prepared solution. The solution stability results are shown in 

the Table 8.18 & 8.19.
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Table 8.18: Solution stability of Lopinavir

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 624.81251 - Initial 628.11410 -

12 626.88911 0.32 12 628.12541 0.40

24 626.01522 0.16 24 624.32518 0.32

Table 8.19: Solution stability of Ritonavir

Standard solution Sample solution
Time

(hours) Response % variation Time
(hours) Response % variation

Initial 1273.87059 “ Initial 1274.01254 -

12 1275.96834 0.16 12 1278.15243 0.31

24 1277.01251 0.27 24 1275.98624 0.16
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6. DISCUSSION ON THE RESULTS

The present study was aimed at developing a simple, sensitive, precise and 

accurate HPLC method for the simultaneous analysis of Lopinavir and Ritonavir from 

bulk samples and their tablet dosage forms. A non-polar C18 analytical 

chromatographic column was chosen as the stationary phase for the separation and 

simultaneous determination of Lopinavir and Ritonavir. Mixtures of commonly used 

solvents like water, methanol and acetonitrile with or without buffers in different 

combinations were tested as mobile phases. The choice of the optimum composition 

is based on the chromatographic response factor, a good peak shape with minimum 

tailing. A mixture of buffer and acetonitrile in the ratio of 50:50 v/v was proved to be 

the most suitable of all the combinations since the chromatographic peak obtained 

was well defined, better resolved and almost free from tailing. The retention times of 

the Lopinavir and Ritonavir were found to be 6.558 andl 8.380 min respectively.

The linearity was found satisfactory for Lopinavir and Ritonavir in the range 

150 - 450 pg/mL and 37.5 - 112.5 pg/mL respectively (Table 8.4 & 8.5). 

The regression equation of the linearity curve between concentrations of Lopinavir 

and Ritonavir over its peak areas were found to be Y = 2.3373X - 1.621 (where ‘Y’ is 

the peak area and X is the concentration of Lopinavir in pg/mL) and 

Y = 17.036X - 3.276 (where Y is the peak area and X is the concentration of 

Ritonavir in pg/mL) respectively. Precision of the method was studied by repeated 

injection of tablet solution and results showed lower %RSD values (Table 8.6 - 8.9). 

This reveals that the method is quite precise. The percent recoveries of the drug

278



solutions were studied at three different concentration levels. The percent individual 

recovery and the %RSD at each level were within the acceptable limits (Table 8.10 & 

8.11). This indicates that the method is accurate. The absence of additional peaks in 

the chromatogram indicates non-interference of the commonly used excipients 

in the tablets and hence the method is specific.

The deliberate changes in the method have not much affected the peak tailing, 

theoretical plates and the percent assay. This indicates that the present method is 

robust (Table 8.12 & 8.13). The system suitability studies were carried out to check 

various parameters such as theoretical plates and tailing factor (Table 8.14 & 8.15). 

The lowest values of LOD and LOQ as obtained by the proposed method indicate that 

the method is sensitive (Table 8.16 & 8.17). The solution stability studies indicate that 

both the drugs were stable up to 24 hours (Table 8.18 & 8.19).

Therefore, the proposed method was simple, specific and sensitive and can be 

used for simultaneous analysis of Lopinavir and Ritonavir in bulk samples and its 

tablet dosage forms.
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Summary and Conclusions

The drag analysis aims at obtaining data that can contribute to the maximal 

efficacy, safety and economy for the production of drags since they are extremely 

important issues from the point of view of public health, financial and political. The 

analysis includes the investigation of bulk drag materials, the intermediates formed in 

their route of synthesis, products of drag research, drag formulations, impurities and 

degradation products, biological samples containing the drag and their metabolites. 

Thus, pharmaceutical and biomedical analysis forms the most important branches of 

applied analytical chemistry.

Quality assurance and quality control of pharmaceutical dosage forms are 

essential for ensuring the availability of safe and effective dosage forms to consumers. 

Hence, pharmaceutical analysis occupies a pivotal role to statutory certification of 

drags and their dosage forms either by the industry or by the regulatory authorities. 

The complexity of problems encountered in pharmaceutical analysis, coupled with the 

importance of achieving the selectivity, speed, cost, simplicity, sensitivity, precision 

and accuracy, results in new methods of analysis being quickly adopted by the 

pharmaceutical industry and chemical industries, depending upon the facilities 

available.

Pharmaceutical dosage forms often contain combination of drags for 

potentiating or complementing one another in therapy. In some cases, no precise 

analytical methods are reported and quite often the reported methods need
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improvement or changes because of lack of specificity and sensitivity with existing 

methods.

The author developed totally seven HPLC methods for the estimation of 

different categories of drugs in bulk samples and pharmaceutical formulations either 

in single or combined forms. The author selected three drugs (Lamotrigine, 

Quetiapine fumarate and Levetiracetam) acting on Central nervous system for 

estimation in single dosage forms and three drugs (Atorvastatin calcium, Simvastatin 

and Ezetimibe) acting on Cardiovascular system and two Antiviral drugs (Lopinavir 

and Ritonavir) for estimation in combined dosage forms.

The author developed isocratic new HPLC method for the estimation of 

Lamotrigine in bulk sample and pharmaceutical formulation which is simple, faster 

and economic than earlier reported methods. The developed method was validated as 

per ICH guidelines. The total chromatographic run time is only 10 min allows the 

analysis of large number of samples with shorter time. This developed 

chromatographic method fulfilled all the requirements to be identified as reliable and 

feasible method including linearity, precision and accuracy data. Hence this simple 

HPLC method with UV detection can be adapted for routine analysis.

The author attempted and succeeded in the development of simple and specific 

HPLC method for the estimation of Quetiapine fumarate in bulk sample and 

pharmaceutical formulation. This developed method was validated as per ICH 

guidelines and developed method was simple, rapid and precise than the earlier 

reported methods. This chromatographic method fulfilled all the requirements to be
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identified as reliable and feasible method including linearity, precision and accuracy 

data. It is highly precise and specific analytical procedure and its chromatographic run 

time of 10 min allows the analysis of large number of samples in a short period of 

time. Hence this simple HPLC method with UV detection can be adopted for routine 

analysis.

The author also developed a new HPLC method for the estimation of 

Levetiracetam in bulk sample and pharmaceutical formulation. The method was 

validated and validated parameters were reported. It is highly precise and specific 

analytical procedure and its chromatographic run time of 10 min allows the analysis 

of large number of samples in a short period of time. Hence, the method can be 

adopted for the routine determination of Levetiracetam in the pharmaceutical dosage 

forms.

The author developed an isocratic HPLC method for simultaneous estimation 

of Atorvastatin calcium and Ezetimibe in bulk sample and combined pharmaceutical 

dosage forms. In this method, a full scale validation to assess the viability of the 

method has been performed. The validation includes selectivity, specificity, linearity, 

precision, accuracy, limit of detection and quantification etc. Statistical evaluation of 

the data is also included and has been performed by the method of least square using 

regression factor, slope and intercept. Hence, this method can be adopted for the 

simultaneous analysis of Atorvastatin calcium and Ezetimibe in bulk samples and 

combined pharmaceutical formulations.
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The author developed an isocratic HPLC method for simultaneous estimation 

of Simvastatin and Ezetimibe in bulk sample and combined pharmaceutical dosage 

forms. In this method, a foil scale validation to assess the viability of the method has 

been performed. The validation includes selectivity, specificity, linearity, precision, 

accuracy, limit of detection and quantification etc. Statistical evaluation of the data is 

also included and has been performed by the method of least square using regression 

factor, slope and intercept Hence, this method can be adapted for the simultaneous 

analysis of Simvastatin and Ezetimibe in bulk samples and combined pharmaceutical 

formulations.

The author also developed an isocratic HPLC method for simultaneous 

estimation of Lisinopril and Hydrochlorothiazide in bulk sample and combined 

pharmaceutical dosage forms using cyano silane column. In this method, a full scale 

validation to assess the viability of the method has been performed. The validation 

includes selectivity, specificity, linearity, precision, accuracy, limit of detection and 

quantification etc. Statistical evaluation of the data is also included and has been 

performed by the method of least square using regression factor, slope and intercept 

Hence, this method can be adapted for the simultaneous analysis of Lisinopril and 

Hydrochlorothiazide in bulk samples and combined pharmaceutical formulations.

The author developed an isocratic HPLC method for simultaneous estimation 

of Lopinavir and Ritonavir in bulk sample and combined pharmaceutical dosage 

forms. In this method, a full scale validation to assess the viability of the method has 

been performed. The validation includes selectivity, specificity, linearity, precision,
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accuracy, limit of detection and quantification etc. Statistical evaluation of the data is 

also included and has been performed by the method of least square using regression 

factor, slope and intercept. Hence, this method can be adapted for the simultaneous 

analysis of Lopinavir and Ritonavir in bulk samples and combined pharmaceutical 

formulations.

All the methods reported were simple and specific and can easily be adapted 

for the estimation of the selected drugs in the bulk samples and pharmaceutical 

formulations for the regular quality control applications.
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