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ABSTRACT

The development of pharmacotherapy and the userwfsdand pharmaceuticals is an important factot tha
brought about revolution in the health of human yation. In order to achieve proper efficacy, threagdladministered
should be free from impurities and should be inpproamount. Pharmaceuticals may incorporate iniparit various
stages of their development, transportation anchgewhich make it inefficient to be administergtius impurities in
drugs must be detected and quantitated. Variousniclat and instrumental methods were developedrderoto estimate
the drugs. This review highlights the role and im@oce of analytical methods such as titrimetridnekc,
electrochemical, electrophoretic, spectroscopicoriatographic and hyphenated methods in checkiagytiality of the

drugs.

KEYWORDS: Analytical Methods, Chromatography, Electrochemicallethods, Hyphenated Methods,
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INTRODUCTION

Both qualitative and quantitative chemical analysissed by most of the manufacturing industriesrisure the
quality of raw materials and the final products.gfantitative analysis is done to establish the arhofi the essential
component in the raw material. The unwanted comgauay interfere with the manufacturing process ay mppear as a
harmful impurity in the final product. The finalquuct is checked to ensure that its essential copds present within a

predetermined range of composition and the immgritio not exceed certain specified limit.

In the field of pharmaceutical research, drug asialyrefers to the identification, characterizatiand
determination of the drugs in dosage forms andobiohl fluids etc. The number of drugs that arenbentroduced into
the market has been increasing day by day. Thasgsdnay be either completely novel or may be dastiactural
modification of the existing drugs. So the anabftimvestigation of bulk drug materials, intermeds drug products,
drug formulations, impurities and degradation piduand biological samples containing the drugktherir metabolites

is very important.

Starting from the stage of drug development, ai@ytechniques play vital roles, such as undedstanthe
physical and chemical stability of the drug, impawtthe selection and design of the dosage foregldhg the stability of
the drug molecules, quantification of the impustend identification of those impurities which atove the established
threshold and assessing the content of drug imtdr&eted products. The analysis of drug and itab@dite which may be
either quantitative or qualitative is extensivepphed in the pharmacokinetic studies. These metlard used in quality
control laboratories to ensure the identity, pyrdgfety, efficacy and performance of drug produtkss review highlights

the role and importance of analytical methods saghitrimetric, kinetic, electrochemical, electropétic, spectroscopic,
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chromatographic and hyphenated methods in chethinquality of the drugs.

ANALYTICAL METHODS

Electrochemical Methods

Electrochemical techniques are powerful and vdesatialytical techniques that offer high sensijiviccuracy,
and precision as well as large linear dynamic ramgéh relatively low-cost instrumentation. Afteredeloping more
sensitive pulse methods, the electro analyticalistuare more regularly used on industrial, envirental applications and
on the drug analysis in their dosage forms. Sontb@most useful electro analytical techniquesbased on the concept
of continuously changing the applied potentialsh® electrode-solution interface and the resultim@asured current [1].
Most of the chemical compounds were found to belastrochemically active [2]. During the past yedhere has been

extraordinary acceleration of progress in the discg synthesis, sensitive electrochemical ana[si0].

The application of electrochemical methods in thalgsis of drugs and pharmaceuticals has incregsesatly
over the last few years. Various electrochemicahds in the analysis of drugs and pharmaceutara@given in Table 1
[22]. Elelctroanalytical techniques (specially fing analysis) are well known as excellent proceslufor the
determination of trace chemical species. Thesentqahs have been developed for various cationgnarand organic
molecules. Several articles that reviewed the apptin and the use of such voltammetric techniduelse determination
of pharmaceuticals and metals in different samplage been reported. An amberlite XAD-2 and titanidioxide
nanoparticles modified glassy carbon paste was ldped for the determination of imipramine, trimiprme and
desipramine. The electrochemical behavior of ttirsgs was investigated using cyclic voltammetryoabcoulometry,
electrochemical impedence spectroscopy and adeergtiripping differential pulse voltammetry [11].2opper (Il)
complex and silver nanoparticles modified glassypea paste electrode was constructed and usetidatdtermination of
dopamine, levodopa, epinephrine and norepinephiihe. electrochemical behavior of these drugs wadied using
cyclic voltammetry, electrochemical impedance smsciopy, chronocoulometry and adsorptive strippsggare-wave
voltammetry techniques [12]. Electrochemical oxiolatof metoclopramide hydrochloride has been requbfi3], where
the metoclopramide hydrochloride was determineddxyond-derivative adsorptive anodic stripping volzetry with a
nafion-modified glassy carbon electrode. The pa@eaphic determination of cisapride by nitration(WiKNO; in H,SO,
was suggested [14]. The method is based on usiittpB+rRobinson buffer of pH 6.5 in presence of KINQSO, mixture
as nitrating agent. Carbon paste electrode modifigl poly (N-vinylimidazole) and poly (4-vinylpydine) was used for
the determination of amoxycillin in solid dosagenfis without any separation step [15-17]. Voltamiuoelrehavior of
chloroquine was investigated using cyclic voltammyetnd differential pulse voltammetry [18]. DNA-nifidd carbon
paste electrode was used in this study. Captomd subjected for different voltammetric techniquBse voltammetric
behavior was studied [19, 20]. Carbon-paste eldetrmodified with cobalt-5-nitrolsalophen was usedaasensitive

voltammetric sensor for detection of captopril [21]

Table 1: Electrochemical Methods in the Analysis obrugs and Pharmaceuticals [22]

Technique Drugs Determined
Voltammetry | Beta blocker drugs, Rosiglitazone, laaurin, Secnidazole, Dopamine, Atenolol
Polarography| Nifedipine, Anti cancer drugs, VitarkB) Ciclopiroxolamine
Amperometry| Diclofenac, Verapamil
Potentiometry] N- acetyl- L- cysteine, Pentoxifydlin
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Titrimetric Methods

Titrimetric method of analysis originated in thedaiie of the 18th century when Gay Lussac inventes t
volumetric method in the year 1835. The advantajdbese methods include saving time and laboih pigcision and
the fact that there is no need of using referenemdards. Modernized titrimetric method includedesging of
non-aqueous titration method, expanding the fidldpplication of titrimetric methods to (very) weakids and bases as
well as potentiometric end point detection impravihe precision of the methods. With the developnuérfunctional
group analysis procedures titrimetric methods Haaen shown to be beneficial in kinetic measuremehish are in turn
applied to establish reaction rates. Titrimetridimes have been used for the determination of paip{@3], albendozole
[24] and gabapentin [25] in commercial dosage forN@naqueous titration method was used to deteri@pafloxacin
[26]. In addition to its application in drug estitiwa, titrimetry has been used in the past forgkttmation of degradation

products of the pharmaceuticals [27].
Kinetic Methods

Kinetic method of analysis has been developingesit#?50s. The growth in kinetic methods can be thbto the
advancements made in principles, in automatedum&ntation, in understanding the chemical and uns&ntation, in
data analysis methods and in the analytical appica Kinetic methods involve the measurements afcentration
changes in a reactant (which may be the analy#)itwith time after the sample and reagents haentmixed manually
or mechanically. Fixed time and initial rate meth@ie more often used for the determination of slingpharmaceutical
formulations [28]. Popular automatic techniques thee stopped flow system [29] and the continuowditah of reagent
(CAR) technique [30, 31]. In Stopped-flow systersslutions are forced from syringes into a mixingueiber. After a
very short period, flow is stopped suddenly whes dbservation cell is filled by an opposing pistbat is linked to a
sensing switch that triggers the measuring devite schematic diagram of stopped-flow system i®min figure 1.

Several drugs have been determined by using the €géiimique with photometric [32] fluorimetric detiea [33].

Fluorescence
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Figure 1: Schematic Diagram of Stopped-Flow System

Electrophoretic Methods

Capillary electrophoresis (CE) is the importanttrimnent electrophoretic method used for the analysis of
pharmaceuticals. CE is based on the separatiorhaifged analytes through a small capillary underitmgact of an
electric field. In this technique solutes are peteg as peaks as they pass through the detectothararea of individual

peak is proportional to their concentration, whadlows quantitative estimations. Samples enterttive from the right
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and travel to the left to the detection system Whigcords the chromatogram output on a computer.atlvantages of CE
analysis is that it is generally more effectiveguiges only a small amount, lesser up to Nano iigrction volumes, can
be performed on a quicker time scale, and in mases, takes place under aqueous conditions. Seeets based on
the application of this technique in the routinegianalysis have been published [34, 35, 36]. Bifietypes of capillary
electrophoresis include capillary zone electropsigramicellar electrokinetic chromatography, isbtghoresis, capillary
gel electrophoresis, isoelectric focusing and dfficapillary electrophoresis. These are appliegpharmaceutical purity

testing and in bio analysis of drugs [22]. The sahtic diagram of Capillary electrophoresis is shamfigure 2.
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Figure 2: Capillary Electrophoresis Set Up

CHROMATOGRAPHIC TECHNIQUES
Thin Layer Chromatography (TLC)

TLC is a technique used for fast screening of saml is used to identify herbal products and iftexkntiate
between herbal species [39, 40]. TLC plays a ctuole in the early stage of drug development whe#armation about
the impurities and degradation products in drugstanre and drug product is inadequate. Various fitigsl of
pharmaceuticals have been identified and determiséth TLC [37, 38]. One of the main advantageJ o€ is that it
enables optimization of operational parametersh aag the sample application, plate development darivatization.
The main disadvantages of TLC are its low reprduiligi and resolution [40-42], need for high compduconcentration
for detection [40] and the semi-quantitative natofeghe technique, in the analysis and quality aadnof herbal drugs.
The main factors that are hard to control in TLQ affect its precision include sample spottingusston of the
developing chamber and the instability of coloupegrance when coloring reagents are used for dmieet0]. The
introduction of digital scanning and documentatoftware has improved the applicability of TLC tbe comprehensive
identification and assessment of herbal drugs.dditn, high performance thin layer chromatogragb\°?TLC) that
make use of a smaller particle size range (5-20 amd)automation of different steps has increasegtbducibility and
resolution [39, 40, 41, 43]. Micro-emulsion TLC (MHEC) development lead to increased separatiorcieffcy and

signal enhancement and resulted in an improvedtseatyg40].
Gas Chromatography

Gas chromatography is a well established analytteehnique commonly used for the characterization,
guantification and identification of volatile comyads [44]. Combining separation and on-line detectillows accurate
guantitative determination of complex mixtures,liniing traces of compounds down to parts perdrnillin some specific
cases. Gas liquid chromatography plays a substaal&in the analysis of pharmaceutical produé][4a'he scope of Gas
chromatography technique includes the creation igh-molecular mass products such as polypeptidegshermally
unstable antibiotics. Gas chromatography has bsed tor assay of drugs such as isotretinion [46tame [47] and

employed in the determination of residual solveintshetamethasone valerate [48]. Gas chromatographglso an
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important tool for analysis of impurities of phareaticals [49, 50]. The residual solvents listedirapurity by the

International Conference of Harmonization are aredyby the GC using a variety of detectors [51,52 54].
High-Performance Liquid Chromatography (HPLC)

HPLC is an advanced form of liquid chromatographlyich was appeared for the first time for the assialyulk
drug materials in the year 1980 [55]. It is used@parating the complex mixture of molecules entaed in chemical
and biological systems, in order to recognize bette role of individual molecules. This has becadhe principal method
in USP XXVII [56] and to a lesser extent but onetloé most widely used methods also in Ph. Eur.7. [bhe HPLC

method has excellent specificity and simultaneossficient precision is also attainable.

Literature survey explains that it HPLC has beea thost widely used system among the chromatographic
techniques. In liquid chromatography the choicedefection approach is crucial for guaranteeing aiete of all the
components. UV detector is one of the widely usetgetors in HPLC which is capable of monitoringesal wavelengths
concurrently by applying a multiple wavelength suag program. If present in adequate quantity, WBfedtor assures

detection of all the UV-absorbing components [22].

Several drugs have been assayed in pharmaceurcaliations [58, 59, 60, 61] and in biological @si[62, 63,
64] using HPLC. Thus, HPLC plays a major role isva@ring many questions of the pharmaceutical imgustowever,
the disadvantages of HPLC include the requireméerkpensive machinery, large volumes of environménunfriendly
liquids, the undetected co-elution of compounds, shsceptibility of conventional (silica-based)uwbohs to relatively
basic (pH>9) or acidic (pH<2) mobile phases and higmperatures, price of columns, solvents ancla dd long term

reproducibility due to the proprietary nature ofuron packing.

SPECTROSCOPIC TECHNIQUES
Spectrophotometry

Spectrophotometric methods are based on naturahl$dérption and chemical reactions [65]. Spectraphetry
is the quantitative measurement of the reflectiortransmission properties of a material as a fonctf wavelength.
The advantages of these methods are low time dmditaconsumption. The method also has excellemigiom. The use
of UV—Vis spectrophotometry especially appliedhe tinalysis of pharmaceutical dosage form hasaserkrapidly over
the last few years [66, 67, 68]. The colorimetricethods are usually based on complex-formation i@act
oxidation-reduction process and a catalytic eff€dlorimetric methods are regularly used for theagsof bulk materials.
For example, the blue tetrazolium assay is usedtter determination of corticosteroid drug formwas [69, 70].
The colorimetric method is also exploited for thetetmination of cardiac glycosides and is preseime&uropean

Pharmacopoeia.

Several approaches using spectrophotometry formdetation of active pharmaceutical ingredients irkbdrug
and formulations have been reported. New sensithek rapid spectrophotometric methods for the detextion of four
analgesic drugs namely, nalbuphine (NALB), naltrexo(NALT), morphine (MORF) and tramadol (TRAM) in
pharmaceutical formulations were developed andmopéid [71]. Two simple, rapid, sensitive, low-coahd accurate
methods (A and B) for the micro determination ofamtadine HCI (AMD) in pure form and in pharmaceaitic
formulations are developed. Method A is based erféhmation of tris (o-phenanthroline)-iron (1) roplex (ferroin) upon

reaction of amantadine HCI with an iron (lll)-o-plaathroline mixture in sodium acetate acetic acdidfds media.
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The ferroin complex is spectrophotometrically meadwat kmax 509 nm against reagent blank. Methdsl iased on the
reduction of Fe (Ill) by the drug which forms catédrcomplex with 2, 20-bipyridyl [72]. In the litdteie about 22 methods
were reported for the estimation of pioglitazoneéngsspectrophotometry, of which 8 methods are fmglitazone

determining alone, while the others are for qugint{ pioglitazone in combination with other drudstances [73].
Near Infrared Spectroscopy (NIRS)

Near infrared spectroscopy (NIRS) is a rapid and-destructive procedure that provides multi compone
analysis of almost any matrix. In recent years, Njpiectroscopy has gained a wide appreciation witlérpharmaceutical
industry for raw material testing, product quatigntrol and process monitoring. Its major advargamer other analytical
techniques are an easy sample preparation withayt paetreatments, the probability of separating #ample
measurement position by use of fiber optic probes, the expectation of chemical and physical sapatameters from
one single spectrum [22]. The major pharmacopodiase generally adopted NIR techniques. The European
Pharmacopoeia in chapter 2.2.40 [57] and UnitedeStpharmacopoeias in chapter 1119 (United Stdiasnfacopoeia
USP 26 NF 21, 2003) address the suitability of NRtrumentation for application in pharmaceutiocasting. NIR
spectroscopy in combination with multivariate dataalysis opens many interesting perceptions in rpaeeutical
analysis, both qualitatively and quantitatively.ndmber of publications describing quantitative NfRasurements of
active ingredient in intact tablets have been riggbrin addition to the research articles manyewvarticles have been
published citing the application of the NIRS in phaceutical analysis [74].

Nuclear Magnetic Resonance Spectroscopy (NMR)

The first report describing the use of NMR speatopy to screen for the drug molecules appeare®$6 175].
NMR has application in quantitative analysis inertb determine the impurity of the drug [76], dwerization of the

composition of the drug products and in quantizatbdrugs in pharmaceutical formulations and tgadel fluids [77].
Hyphenated Techniques

A hyphenated technique is developed by coupling separation technique and on-line separation igaén
The last two decades saw a remarkable advanceméné ihyphenated techniques and its applicatigpharmaceutical
industry. A variety of hyphenated techniques sushG&-MS, LC-MS, CE-ICP-MS, CE-MS and LC-NMR haveshe
applied in the analysis of pharmaceuticals. HPLg&ther with various types of detection such aswitiet, fluorescence,

and mass spectrometry has become the method afecfwibioanalytical method development [78, 79].

The Lab-on-a-Chip concept aims at miniaturizinglabory processes to enable automation and/orlekzation
via microfluidic chips that are capable of handimgute sample volumes. One of the first hyphenate@-MS systems
was reported by Xue et al [80]. Comprehensive resien LOC-MS have recently been published by Gaal ¢81].
Feng et al. [82] and Oedit et al [8Blvo highly sensitive methods for the determinatafngenotoxic alkyl methane
sulfonates (AMSs) and alkyl paratoluene sulfong#®BTSs) in lamivudine using hyphenated techniquagehbeen
presented. AMSs were determined by GC-MS methatguSiSBP- INOWAX (30 m X 0.25 mm X 0.2&m) column.
APTSs were determined by LC-MS using Zorbax, Rx ZB) mm X 4.6 mm, um column as stationary phase. 0.01 M
ammonium acetate is used as buffer. The mixtuteuéfer and methanol in 75:25 (v/v) ratio was ussdrabile phase A
and mixture of buffer and methanol in 5:95 (v/vjioawas used as mobile phase B [8A] new stability-indicating

RP-HPLC assay method was developed and validatequintitative determination of Levocabastine HCbulk drugs
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and in ophthalmic suspensions in the presence gfadation products generated from forced degradaiodies [85].
A dissolution method with robust high performanicpiid chromatographic (HPLC) analysis for immediettease tablet
formulation was developed and validated to meetél@irement as per International Conference omidaization (ICH)
and United States Food and Drug Administration (D8J guidelines. Two- way analysis of variance (AN@NVwas
applied for evaluating the statistical differencetvbeen the assay results obtained via both NASSAM RP-HPLC
methods and ultimately no significant differencesvimund between both the methods [86]. A methoddeas developed
for the separation of moxifloxacin HCI and ketoml&romethamine using reverse phase high-performadioced
chromatography (RP-HPLC) on C18 column (250 X 46,5 um) with UV detection at 308 nm [87].

Tandem MS/MS instruments coupled with HPLC or UPk& capable of analyzing multiple analytes
simultaneously as well as reaching sensitivity tndorresponding to those achieved by GC-MS/MS. [B&periments
were performed to identify the presence of humaarplaceuticals in the tropical aquatic environmdritlalaysia. Water
samples collected at different sites along the bamiver and effluents from five sewage treatmdahts were extracted
by solid phase extraction and analyzed using liqeiidomatography coupled with tandem mass spectrgnjé].
This study confirmed the presence of mefenamic,aaticylic acid and glibenclamide in all river watsamples [22].
A HPLC-MS/MS method has been reported for the datgation of six kinds of parabens in food [90]. Timethod was
successfully applied to the determination of metbtthyl, propyl, butyl, isopropyl and isobutyl estef 4-hydroxybenzoic

acid.
CONCLUSIONS

The main aim of the pharmaceutical drugs is to dawmans from diseases and to prevent illness. deraio
achieve proper efficacy, the drug administered khba free from impurities and should be in propeount. This review
is aimed at focusing the role of various analytteshniques in the assay of pharmaceuticals. TWiewealso highlights
the advances made in the field of analytical tegtes from the older titrimetric method to the adweh hyphenated

techniques.
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