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Abstract: Drug counterfeiting has exaggerated dramaticalbr ¢hre past decade causing a significant threat to
human health. It must be processed in regard toiomed and the matterisn't restricted to a violatiof
belongings rights, however clearly involves evenydkof poor quality pharmaceutical merchandiseluiding
falsified and substandard medicine. The presengmpdiscuss the review of the current quantitativelical
procedures which are used for counterfeit drugatiete The analytical techniques employed likeaviolet/
visible spectrophotometer, fluorimetry, titrimetgjectro analytical techniques, chromatographichods (thin-
layer chromatography, gas chromatography and hégfepmance liquid chromatography, Ultra performance
high pressure liquid chromatography), capillaryce®phoresis and vibrational spectroscopies amudsed for

the quantitative analysis of pharmaceutical codeiter

Keywords: Pharmaceutical merchandise; Substandard medidinematography.

1INTRODUCTION:

A counterfeit medication or a counterfeit drug ebbé a medication or pharmaceutical product thatdguced
and sold-out with the intent to deceivingly represdts origin, legitimacy or effectiveness. A coerféit
drug could contain inappropriate quantities of\actingredients, or none, is also improperly proeddss the
body (e.g., absorption by the body), could coniagredients that aren't on the label (which couldroght
not be harmful), oris also provided with inaccaratr faux packaging and labeling. It is believedtth
approximately 20% of all pharmaceutical productéd saorldwide are counterfeits, representing a $50
billion/year industry.For this reason, appropriate methods of drug detedigualitative and quantitative
analyses, purity testing, chiral separation, relatabstance and stoichiometric determination) drgreat
importance to the analystn the present work we reviewed some of the regeattitative published analytical
methods and their applications in pharmaceuticalyais, mainly from 2000 to 2013.The chemical asialyf
counterfeit drugs poses a challenging task in tasfrseample throughput, dynamic range and identificaof
unknowns. As per the review, The selected papenm® weganized according to the analytical technique
employed. Several techniques like ultraviolet/Misi§UV/VIS) spectrophotometryfluorimetry, titrimetry,
electro analytical techniques (mainly voltammetrghromatographic methods (thin-layer chromatography
(TLC), gas Chromatography (CG) and mainly high gerfance liquid chromatography (HPLC)), capillary
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electrophoresis (CE), vibrational spectroscopiasjan spectroscopy and hyper spectral imagingharengin
techniques that have been used for the quantitatieysis of pharmaceutical spurious compotivikile
infrared (IR) spectroscopy can primarily detect4gemuine features on the packaging and identifyesofithe
compounds present in the samples, only by spetsection, mass spectrometry allows the study pliiity
profiles related to the API and often the detecobknown substitute API's.

On the other hand, imaging is very helpful for sicipia collection of tablets and notice chemiaatl
physical patterns within the tablets which distilstpu between real and counterfeit, in addition aglim
counterfeit (potentially allocating similar tablétsan equivalent source), because it provideskqabstraction
and spectral informations and needs no sampleapatpn ,are the most useful techniques that aé fes the
pharmaceutical counterfeit detectioGounterfeit detection is thus the primary crucigps aiming at the
removal of counterfeit medication from the markéowever, very little effort has been placed on¢hemical
identification and quantification of the elementsthese medication, rather than only detectingr then-
authenticity. Identifying and quantifying the congjimn of a counterfeit tablet falls into the uléite purpose
of detecting the source and cracking down the allegperation. The identification of chemical compds
showing a restricted geographical distribution.
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Figure 1 Photographs of a 1) fake and 2) original Avastinkaging.

2 ANALYTICAL METHODSFOR PHARMACEUTICAL COUNTERFEIT ANALYSIS
2.1 UV/VIS Spectrophotometric methods

Several UV/VIS spectrophotometric tests are widkdyeloped for analyse counterfeit medication. Asstmo
prescription drugs possess chromophores groupsviiebe determined directly within the ultravidleegion
while not the necessity for a derivatization reattiHowever, direct UV/VIS is not suitable fonsiltaneous
determination of drugs with spectral overlappingor this reason, derivative spectrophotometrersffan
alternative approach to the enhancement of seitgitimd specificity in mixture analysis. This tedure has
been frequently used to extract information frorentapping bands of the analyte sand interferericesnsists
of calculating and plotting one of the mathematidativatives of a spectral cufveRaman spectroscopy has
been used to detect counterfeit Viagra by de \tai] 2 counterfeit Cialis by Trefi et &l.

Jacques O.De Beer et al introduced a comparisidrcambination spectroscopic method for detection
of erectile dysfunction class of counterfeit drugisey used Raman, NIR and FT-IR spectroscopy f th
purpose. In this study , 55 counterfeit and imitagi of Viagra, 9 genuine Viagra, 39 counterfeit aniations
of Cialis and 4 genuine Cialis were analysed by &mlIR and FT-IR.

P.de Peinder et al published a method based ona@ign of NIR and RAMAN spectroscopy for
detection of Lipitor (Atorvastatine) in combinatianth chemomerics.Due to fast and non-destructajability
,NIR is very economical and widely used. NIR is always highly substance specific. Raman spectpyshas
been applied as an alternative tool. Partial lsastre discriminant analysis (PLS-DA) models havenbe
generated for both NIR and Raman spettra
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El-Gindy, Emara, and Shaaban reported a chromegtbgr and two chemo metric methods for the
analysis of two ternary mixtures containing drotave hydrochloride (DR) with caffeine and paracetam
(mixture 1) and DR with metronidazole and diloxanfdroate (mixture 2).The chemometric methods appli
were PLS and PCR. These approaches were appliegl ingbrmation included in the UV absorption spaaif
appropriate solutions in the wavelength range @300 nm with 1 nm intervals. Calibration of PCRI&LS
models was evaluated by internal validation, byssrealidation and by external validation. The arglshowed
that the proposed methods were successfully apfiiethe determination of the two ternary combioas in
laboratory-prepared mixtures and commercial tabB¢sides, according to the authors, the resulL& and
PCR methods were compared with the HPLC method,aagdod agreement was found. All methods show
adequate sensitivity for all analytes (detectiomit$ less than 1.98 x 10«8y mL-1). This paper also presents a
novelty, because no United States, British, or peam compendia analytical method has been repfotale
simultaneous determination of the five drugs intthe studied ternary mixturés

Storlarczyc and coworkers reported first and seconégr derivative spectrophotometric methods for
individual determination of fluphenazine, pernaziheloperidol and promazine using methanol as stlaé
two wavelengths. The authors concluded that naference of matrix constituents was observed aatttie
developed method can be useful for quality contfopharmaceutical formulations and it is an optfon
commonly used expensive chromatographic methodss niethod proved satisfactory, although poor
sensitivity for all drugs (detections limits lessn 3.15ug mL-1). The USB and the Britishpharmacopoeia
BPi? describe methods for analysis of these drugs itet®kas titrimetry, direct and derivative spectro
photometry and HPLC. Therefore, this work doespmesent a novelty from an analytical point of vigw

2.2 Fluorimetric methods

Luminescence spectroscopy is an analytical metRtdraely sensitive and has been widely appliedlxisg
problems that require low detection limitsThis technique is applied for the analysis ofasnirations in the
ng mL-1 range and, sometimes, in the pg mL-1 raigeomplex matriced.Thus, measurements of
luminescence intensity have allowed the selectigksensitive quantitative determination of a varitactive
pharmaceutical ingredients. However, despite alldtivantages of luminescent methods, only certagses of
compounds exhibit luminescence native, as a comes®gu of the deactivation processes occurring in a
molecule. Moreover, the effects of scattering abdogption limit the use of luminescent methods when
compared to other analytical methods such as chography and UV/visible spectrophotométry
Luminescence spectroscopy can be applied using thifferent processes: fluorescence, phosphoresaanc
chemiluminescence. However, fluorimetry is the masimmonly luminescence method applied in
pharmaceutical analysis. Therefore, below are destrelevant examples of fluorimetric methods egupto
analysis of pharmaceuticals.

Abdel and Shaalan published spectrofluorimetric aspkectrophotometric technique for the
determination of pregabalin (PRG). In the speataiimetric method, PRG was reacted with fluorescami
The optimum conditions were established and thetsgfuorimetric method was applied to the deteation
of the drug in capsules. According to the authoesinterference could be observed from the additiiged in
capsules. Moreover, the spectrofluorimetric metivad extended to the in-vitro determination of pledia in
spiked urine and interference from endogenous aaids could be eliminated through selective cowgitlen
with copper acetate and co-administered drugs ascbhlordiazepoxide, clonazepam, diazepam, niteamep
and lamotrigine did not interfere with the assaysoi the concentration range was 20-280 ng mL-1 for
spectrofluorimetric method and 148 mL-1 for spectrophotometry. These results shoat the spectro
fluorimetric method is more sensitive and relialblean the mentioned spectrophotometric methods for
determination of this drufj.

El-Enany and coworkers developed a second dere/ditiorimetric method for combined analysis of
binary mixture of chlorzoxazone (CLZ) and ibuprof@R). Because CLZ and IP exhibit native fluoressen
the method described by the authors was based asumnent of the synchronous fluorescence intensity
these drugs in methanol. However, both the exoitadind emission spectra of CLZ and IP overlappédnTa
second derivative fluorescence spectrum of CLZIBwas derived from the normal synchronous spettre.
different experimental parameters affecting th@rbscence of the two drugsX$election, pH, type of the
diluting solvent, stability time and ionic strenpthiere optimized. The authors proved that the Isighsitivity
attained by the proposed method allowed the detextion of both drugs in their coformulated dosagens
and biological fluids and real human plasma sampl8P ** recommends spectrophotometric method for
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determination of CLZ in pure form and HPLC methaat fits determination in tablets. For IP, BP
recommended direct titration for analysis of rawtenal, while USP' recommends an HPLC technique.
However, a method for simultaneous analysis ofdligags does not mention in pharmacopoeias, wihiclvs
an analytical advantage of the fluorimetric methBdsides, this method showed a high sensitivity Wwotv
quantization limits (0.85 and 0.Q@ mL-1 for CLZ and IP, respectively)

Walash and coworkers published two methods fod#termination of rosiglitazone maleate (ROZ) in
pure form, pharmaceutical preparations, and bichkigfluids. Method | was a spectrophotometry method
Method Il was based on the spectrofluorimetric eteation of ROZ through complex formation with A+n
acetate buffer of pH 5. The relative fluorescencéhe drug was measured at 376 nm after excitai@18 nm.
Both methods were applied for the determinatioROZ in tablets. Furthermore, method Il was appla@dhe
determination of ROZ in spiked and real human pkashme stability of the formed complexes in bottthods
was studied by the authors, and the proposed metwede found to be stability indicating one Nnited
State$', British™ or Europealf compendia analytical method has besportedor analysis of ROZ. Moreover,
the quantification limit of the spectrofluorimetmeethod was 0.0gg ml-1 demonstrating the sensitivity of this
technique to human plasma applications, makingdtitetive to laboratories lacking sophisticatedasapon
technique¥.

Walash and coworkers published akinetic spectrafiuetric method for the individual determination
of verapamil hydrochloride, diltiazem hydrochloridécardipine hydrochloride and flunarizine usingter as
diluting solvent. The method was based on oxidatibthe studied drugs with cerium ammonium sulpliate
acidic medium. The fluorescence of the producedv@s measured at 365 nm after excitation at 255Tima.
different experimental parameters affecting the ettgyment and stability of the reaction product (Ce
concentration, type of acid and its concentratibaating time, temperature and diluting solventsyewe
individually optimized. The method was applied tee tanalysis of commercial tablets and the authors
concluded that the proposed method is simple, rapiiinexpensive. Both BPand USP' recommend non-
aqueous titration for analysis of verapamil hydfodde raw material, the USP describes a HPLC nukfho
analysis in tablets and the BP recommends specitoptetric method for its formulations. Regardingiaiem
hydrochloride, the BP recommends HPLC for relatastgnces, non-aqueous titration for assay of raw
material and the USP recommends HPLC method foravematerial and for its formulations. Nicardipiaed
flunarizine are not yet listed in Pharmacopoeiaakinmg the proposed method more attractive for alber ltwo
drugs. Also, the method showed good sensitivityafbdrugs®.

Marques, da Cunha and Aucelio developed a fluorimetethod to quantify camptothecin (CPT) in
irinotecan (CPT-11) and in topotecan (TPT) basddcamcer drugs. For samples containing TPT, detect
was made at 368 nm; whereas, in samples conta@iigll, the detection was made at 267 nm isodiffeaé
wavelength, using the second derivative of the lsgorized spectrum. The authors concluded that actjmal
terms, determinations using spectrofluorimetry waegle in a faster, cheaper, and simpler way whempaced
to the ones made using HPLC. This work is reletmuause no USB , BP**, or Europealf Pharmacopoeia
(EP) has been reported a method for the deterimmaf these drugs. Besides, the method was sensitith
limits of detection of about 9 ng mL-1, making thi'ethod an interesting alternative to chromatograph
technique®.

Omar developed spectrophotometric aspectrofluorimetric methods for the determinatioh o
hydrochlorothiazide, indapamide and xipamiidesed on ternary complex formation with eosin aadl lin the
presence of methylcellulose asirfactant. The fluorescence method was investigbe the purpose of
enhancing the sensitivity of the determination. dxding to the author, both methods have been flidated
and successfully applied for the determinationhef studied drugs in their pharmaceutical tabletsredver,
common excipients used as additives in tablets aloimterfere with the proposed methods. TWSP ™
describes HPLC method fdwydrochlorothiazideaw material and for tablet&P *? recommends titration for
raw material andgpectrophotometry for tablets. Regardindapamide, both USP and BP recommend a HPLC
method for raw material and for tablets. No Uni&dtes, British or European compendia analyticathod
has been reported for ximpamidehe positives of these methods are the simpli@tjor extraction is not
necessary), good sensitivifguantitation limits less than 0.14&%g mL-1), and possibility of application to
pharmaceutical tablet§
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Rahman, Siddiqui and Azmi developed a spectroftnetiic method for the determination of doxepin
hydrochloride in commercial dosage forms. The metlas based on the fluorescent ion pair complex
formation of the drug with eosin in the presencesadium acetate—acetic acid buffer solution of psD4The
extracted complex showed fluorescence intensitpéat nm after excitation at 465 nm. According to the
authors, the method has been successfully apglittetdetermination of doxepin hydrochloride in coencial
dosage formdJSP*! recommends HPLC method fdetermination ofloxepin hydrochloridén pureform and
capsules. The BP* recommendditration for assay ofloxepin hydrochlorideaw material and there is no
monograph for itformulations. This method has the advantagkasing simple operation and high sensitivity
(limit of quantitation of 8.90 ng mL-J.

The spectrofluorimetric methods cited in this papave the advantage of being highly sensitive in
comparison with spectrophotometric methods and evkan compared with chromatographic techniques.
Moreover, due the fact that few molecules presantifescence native, these methods are considerably
selective, allowing the quantitation of some drugsbiological matrices. However, the limitations thfis
technique are the possibility of analyzing only inescent compounds or the need for derivatizagaations,
which make the analysis more complex and time comsy Another interesting factor is that fluorimetr
methods generally do not allow the analysis ofteelssubstances, limiting this technique in quationtrol
applications.

2.3 Titrimetric methods

Although titrimetry has already been extensivelgdis past years, a literature search revealshbed are few
recent methods that employ this technique for amlyf pharmaceuticals. Some of the advantageasiofdtry

are short time of analysis and low cost of equipmrequired. However, titrimetric methods show laufk
selectivity when compared to modern separationnigcies such as HPLC or capillary electrophoreskschv
probably led to the current disuse of titrimetichniques. Below are listed some recent applicatadrthis
technique in pharmaceutical analysis.

Basavaiah and coworkers developed and optimized rfaihods for the determination of stavudine
(STV) in bulk drug and in dosage forms by titrinyeaind spectrophotometry. In titrimetry, aqueousittoh of
STV was treated with a known excess of bromate-terim HCI medium followed by estimation of unresutt
bromine by iodometric back titration. Calculatioims titrimetry were based on a 1:0.666 (STV: KBrO3)
stoichiometry. According to the authors, the methathen applied to the determination of STV in tebknd
capsules were found to give satisfactory resultSPUand BP?* recommend HPLC method for assay and
related substance &TV in pure form. Also, USP recommends HPLC methoditoformulations. Although
the titrimetric method is simple, rapid and codeetive, it does not have analytical advantages b6NRLC and
spectrophotometric methods, when considering theitsé@ty and specificity. However, the titrimetrioethod
was able to quantify STV in drug formulations, whimay not be possible in other cases by usingsihiple
analytical techniqué’.

Mostafa and AlGohani described a spectrophotometiéthod and two titrimetric methods for the
determination of nordiazepam. According to the arghthese methods depend on the reaction of rxeqolien
with potassium bismuth iodide which give an orapgecipitate. Determination of nordiazepam by tigtgnin
the precipitated complex is done iodometricallyngsstandard potassium iodate solution or complexacadly
using standard EDTA solution and xylenol orangedatbr. The proposed methods were applied by thwoas
for the determination of nordiazepam in tablets #mal validity of the proposed methods was assebged
applying the standard addition technique. No YSBP or EP'® has been reported a method for the
determination of nordiazem. Therefore, the presembethods, although simple, can be used in analytic
laboratories that have limited resouréés

Rajendraprasad, Kanakapura and Vinay developedtitrumetric methods for the determination of
hydroxyzine dihydrochloride (HDH) in pure form ard tablets. The methods were based on acid-base
reactions in which the hydrochloride content of tthelg was determined by titrating with an aqueous
standardized NaOH solution either visually usingermiphthalein as indicator or potentiometricallyings
glass-calomel electrode system. The procedures alsoeapplied for the determination of HDH in itssdge
forms and, according to the authors, the resulte fignd to be in good agreement with those obtlinethe
reference method. USPmethod for assay and related substancehferdrugin pure form and its formulations
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is by HPLC. BP'? recommends potentiometric titration for assay af material. Therefore, this method,
although it was applied in tablets, presents natipyrom an analytical point of vieW

Ramesh and coworkers described one titrimetric amd spectrophotometric methods for the
determination of doxycycline hyclate (DCH) in bulkug and in its formulations. In titrimetry, DCH wa
treated with a known excess of bromatebromide mexin acid medium and the residual bromine is back
titrated iodometrically after the reaction betwd2@8H and in situ bromine. The authors concluded that
proposed titrimetric procedure is far simpler tiha published methods since it is free from critisarking
conditions and does not use any expensive instriatien. USP™ and BP'” methods for assay and related
substance fothis drugin pure form and its formulations are by HPLC. Théhors compared statistically the
obtained results with the official BP method and significant difference existed between the progdose
methods and the reference method. Furthermoreitimrs compared the sensitivity of the methodhk thibse
reported in the literature and show that the pregasethods are one of the most sensitive ever texpbor
2DGCH. So, the proposed methods are interestingnaltiees to laboratories that do not have HPLC egeipts

De Sousa and Cavalheiro described a titrimetricgutare for the determination of minoxidil using
KMnO4 as oxidizing agent. The best conditions waggmized considering the H2SO4, KMnO4 and mindxidi
concentrations, the temperature of the system lamaitder of addition of the reactants. A compariaih a
chromatographic procedure reveled relative errbrd.00 to - 5.26 %. The authors concluded thatntie¢hod
was relatively fast, easy to perform and can bewva dost alternative for pharmaceutical samples Imciv
minoxidil concentration is relatively high. USPmethod for assay and related substancenfopxidil in pure
form and its formulations is by HPLC. BPrecommends potentiometric titration for assay a material.
Thus, this method, although showed similar resuiten compared to a chromatographic technique, ptese
analytical novelty. As can been seem in this sufms®gctitrimetric methods are cost-effective, regusimple
instrumentation, are quick and easy to performedat] due to its lack of selectivity, this technigsidalling
into disuse. For this reason, recent papers thaiagmtitrimetry are rarely found in internationalyrnals.
Consequently, several citations that employingnitry have been published in local jourrf@ls

2.4 Electroanalytical M ethods

Electrochemical techniques provide high sensitjMity detection limits, associated with the useiaiple and
inexpensive instrumentatiéh Electrogravimetry, coulometry, conductometry, guiometry, polarography,
voltammetry and amperometry are electrochemicdinieges that have been employed for drug analysis i
dosage forms. However, voltammetric techniquedgrar the most employed electrochemical techniguneks
the literature brings comprehensive reviews abloeir tuse for drug analysis in dosage fdfim$he following
will describe some examples of electroanalyticalhods applied in pharmaceutical analysis.

Babaei, Afrasiabi and Babazadeh constructed a nbkamically modified electrode based on
multiwalled carbon nanotube/chitosan modified glassarbon electrode (MWCNTs- CHT/GCE) for
simultaneous determination of acetaminophen (AGH) mefenamic acid (MEF) in aqueous buffered media.
The measurements were carried out by applicatiagifigential pulse voltammetry (DPV), cyclic voitemetry
(CV) and chronoamperometry (CA) methods. Accordinghe authors, the analytical performance of DPV
method has been evaluated for detection of ACTME# in human serum, human urine and a pharmaceéutica
preparation with satisfactory results. USRecommends spectrophotometry for determinatioA®T in pure
form and HPLC for its determination in pharmacaaltidosage forms. BPrecommends HPLC for analysis of
related substances of ACT, titration for assaya@f material and suppositories, spectrophotometradsay of
tablets, and HPLC for assay of capsules and osgdesision. For MEF, USP method for related substande
assay of raw material and drug formulations is tRLB. BP recommends thin-layer chromatography for
related substances analysis, titration for assayawf material and HPLC for analysis of its dosagers.
Although combinations of MEF and ACT are frequemghgscribed, a monograph for simultaneous anabfsis
these two drugs was not found. Therefore, the meganethod is relevant, also is simple, inexpensjuek
and sensitive (detections limits of 0.eé0l L-1 and 0.4Gumol L-1 for MEF and ACT, respectively). Besides,
the authors demonstrated the method’s applicaliityuman serum, human urine and drug samples., Tigs
method is an interesting alternative to describethods®.
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Campestrini and coworkers employed a bismuth-filecteode for use in to quantify sulfadiazine in
pharmaceutical formulations. The bismuth film wapasited ex situ onto a glassy carbon substratalysis
of two sulfa drugs was carried out by differenpalse voltammetry in 0.05 mol L-1 Britton—Robingoid 4.5
solution. The authors concluded that the bismuth-&lectrode was demonstrated to be suitable fracti
cathodic voltammetric determination of sulfadiazio&P'* method for assay dhis drugin pure form and its
formulations is by HPLC. BP? recommends thin-layer chromatography for relatgosgnces analysis, and
titration for assay of raw material and its dosémens. The authors compared the precision of tlopgsed
method to the BP standard titration method thragtgkistical examination and they showed that thelte are
equivalent.The positives of this methaake the simplicitygood sensitivity (detection limit of 2dmol L-1),
low-cost and possibility of application pharmaceutical¥.

Jain and coworkers studied electroreduction andrptlen of cefixime in phosphate buffer by cyclic
voltammetry (CV), differential pulse cathodic adsore stripping voltammetry (DPCAdSV), and squarave
cathodic adsorptive stripping voltammetry (SWCAdSf)hanging mercury drop electrode (HMDE). These
voltammetric procedures were applied for the traggermination of the bulk drug in pharmaceutical
formulations and in human urine using the followperimental parameters: accumulation potential . \0
(vs. Ag/AgCl, 3 MKCI), accumulation time = 50 sefuency = 140 Hz, pulse amplitude = 0.07 V, anch sca
increment = 10 mV in phosphate buffer (pH 2.6). Hughors concluded that the principal advantagahef
proposed voltammetric method are its rapidity ampbcity. USP** and EP*® method for assay of cefixime in
raw material and its formulations is by HPLC. Al€eR? describes a HPLC method for analysis of related
substances of this drug. An interesting point &t tihe authors applied the method to determineiosdi in
pharmaceutical formulation and spiked human urliie positivef this method are the simplicjtyapidity, it
involves no cleanup procedures and has a goodiséggdetection limit of 3.99 ng mL-£J.

Lima-Neto and coworkers developed an electroaralyprocedure for determination of nitrofurantoin
(NFT) and investigated the influence of the boropidg levels in boron-doped diamond film electrodaghe
electrochemical response of NFT. The investigatioveye carried out using the techniques of cyclic
voltammetry and square wave voltammetry. The astltated that the level of boron-doping in the diacth
film electrodes influenced the electrochemical cddun of NFT. The appropriate cyclic voltammetrgsponse
of NFT was obtained with Britton—Robinson bufferpit 4 and for diamond films doped with 10 000 afd 2
000 mgL-1 of boron. The authors tested the applibalof the proposed procedure using a commercial
pharmaceutical formulation of NFT and concludedt ttiee method presents the advantage of eliminating
mercury waste and minimizing the adsorptive prolsleetated to the use of other electrodic solidesig$. USP
" method for assay of NFT in raw material and itsrfalations is by HPLC. B recommends thin-layer
chromatography for related substances analysisp@cdrofotometry for assay of raw material, orapgmsion
and tablets. The advantages of this method aretttiat not require complex preparations or renmrabdf the
electrode surface; it is environmentally friendhydasensitive (quantitation limit of 0.02dy mL-1). However,
the method was not applied to biological matriessseen in other reported electroanalytical metffods

Sartori and coworkers described the independemrm@iation of propranolol (PROP) and atenolol
(ATN) in pharmaceutical formulations using squamve voltammetry and a cathodically pretreated boron
doped diamond electrode. The electroanalyticalroetations of propranolol or atenolol were carrmdt in
0.1 mol L-1 H2SO4 or 0.5 mol L-1 NaNO3 (pH 1.0, usied with concentrated HNJ)D respectively.
According to the authors, the proposed method wasessfully applied in the determination of bothgdrin
several pharmaceutical formulations (tablets), wibults in close agreement at a 95% confidenod Isith
those obtained using official spectrophotometridchods. USP* method for assay of PROP in raw material
and its formulations is by HPLC. E recommends HPLC for analysis of related substaandstritation for
assay of raw material. For ATN, EP describes a Hirigthod for analysis of related substances aratitnit
for assay of raw material. B recommends HPLC for analysis of related substanitesion for assay of raw
material, spectrophotometry for quantitation of ATiNjection, HPLC for assay of oral solution and
spectrophotometry for tablets. The presented metlape interesting alternatives to pharmacopoeighooks,
because the simultaneous determination of thesgsdsunot described in USP, BP or EP. Additionaihe
reported methods are sensitive (low detectionstdifi@r two drugs), simple, rapid, and dispenses w@s®g/ of
organic reagents or expensive apparatus. Howeheruthors do not consider an application of ththatkto
biological matrices®.
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Veiga and coworkers used a multi-walled carbon ndres (MWCNTS) film-coated glassy carbon
electrode (GCE) for the voltammetric determinataincarbamazepine (CBZ). According to the authdns, t
voltammetric response of CBZ at this film-modifieléctrode increased significantly when comparet that
at a bare glassy carbon electrode and the sersmonee was reproducible. The proposed method waie@p
to the quantification of CBZ in wastewater sampteslected in a municipal wastewater treatmenttpland in
pharmaceutical formulations. The authors statet ttteadeveloped methodology yields results in ateoith
those obtained by chromatographic techniques. YSmRethod for assay of CBZ in raw material and its
formulations is by HPLC. BP” recommends HPLC method for analysis of relatedtsmees and for assay of
raw material and tables. The method described bygavend coworkers is a relevant alternative to
pharmacopoeial methods, because is simple, rapwd,clost and highly sensitive (limits of detectionda
guantification of 40 and 140 nMol L-1, respectiyelMoreover, the authors applied the proposed nitthohe
guantification of CBZ in commercially available medal tablets and in waste water samples and coedpa
the method with those obtained by HPLC-UV and LC-k8hniques, showing that the results are in
accordance. From these examples, it can be seeel¢istroanalytical methods are a good alternatvidPLC
methods for assay of drugs formulations. The adwgd of electrochemical techniques (mainly voltainyhe
are good sensitivity, reasonable speed, minimal pkanpre-treatment, satisfactory selectivity, wide
applicability, and low cost of instrumentation amgintenance. In this subsection, we cited apptoatiin
environmental analysis and in biological matricediich demonstrates the usefulness of this technique
However, much work is required before voltammetay e adopted as a routine analytical method. Bgsid
this technique is not often used in analysis oltesl substances, as is observed with powerful sépar
techniques such as HPLC and capillary electropiotes

2.5 Chromatographic methods
2.5.1 Thin-layer chromatography

Thin-layer chromatographylLC) is a reliable, simple and sensitive, rapiad @nexpensive technique that is
applied for the analysis of pharmaceutical produttsC has been shown imany publications to provide
excellent separation and qualitative and quantgaginalysis of a huge range of organic and metsroic
compounds® . In pharmaceutical analysis, TLC sedominantly used in its semiquantitative modeengh
spots of reference tests solutions are visuallynagyghe impurity spots in a chromatogram of th& sample.
However, most of the TLC procedures are considareadbsolete form of impurity testing. In additidhe
progress in sorbent layers and instrumentatiorddth an improvement of the reliability of quaative planar
chromatography, making this technique an econonaitainative that competes with and complements GiPL
% Below are listed some recent examples of TLGieaiions in the field of pharmaceutical analysis.

Abdel-Fattah and coworkers developed three stahiidicating assay methods for the determination of
tropisetron in a pharmaceutical dosage form in phesence of its degradation products. The proposed
techniques were HPLC, TLC, and first-derivativectpmphotometry. The

authors carried out an acid degradation, sepathtedegradation products by TLC and identified RyNMR,

and MS techniques. The TLC method was based onsdparation of tropisetron and its acid-induced
degradation products, followed by densitometric sne@ament of the intact spot at 285 nm. The separaias
carried out on silica gel 60 F254 aluminum shestsgumethanol—glacial acetic acid (22:3, v/v) melphase.
According to the authors, the suggested methods agrcessfully applied for the determination ofdhgg in
bulk powder, laboratory-prepared mixtures, andraroercial sample. BE recommends HPLC for analysis of
related substances of tropisetron and potentioogtration for assay of raw material. TLC shows®a good
alternative to HPLC and spectrophotometric methadsyell as the methods proposed by BP because this
method provided simple, accurate, and sensitiventijative determination of tropisetron in pharmaizal
formulations. Moreover, the method was comparec veit HPLC reported method and the results were
statistically the sam¥.

Kadukar and coworkers developed and validated aitenetric method for quantitative determination
of olmesartan medoxomil (OM) and hydrochlorothiaz{#iTZ) in combined tablet dosage forms. Separaifon
the drugs was carried out using chloroform—methaoblene 6:4:5 (v/v/v) as mobile phase on precosiézh
gel 60 F254 plates. The detection of bands wasedaout at 258 nm. According to the authors, théhoe can
be used for routine analysis of these drugs in doasbtablet dosage forms in quality control laborias. As
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already mentioned, several analytical techniques raentioned in pharmacopoeias for analysis of HTZ.
However, no USP*, BP *2, or EP'® has been reported a method for the determinatio®M and for
simultaneous analysis of HTZ and OM. Therefore, phesented method, although simple, can be used in
analytical laboratories that have limited resourées

Kakde, Satone, and Bawane developed a high-perfarenghin-layer chromatographic (HPTLC)
method for simultaneous quantitative analysis dfitepram oxalate (ESC) and clonazepam (CLO) in
pharmaceutical preparations. Separation was adhigve aluminum HPTLC plates coated with 0.2 mneday
of silica gel 60 F254 with methanol-toluene—triddinyine 1:3.5:0.1 (v/v) as mobile phase. Densitoimetr
guantification was performed at 253 nm by refleceascanning. The authors concluded that the meataodbe
applied for routine quality-control analysis of E&@d CLO in pharmaceutical preparations and iuitable
for detection of degradation products of clonazepambulk and pharmaceutical preparations. USP
recommends HPLC for analysis of related substameasmaterial, oral suspension and tablets of CRP*?
describes HPLC for analysis of related substanpetentiometric titration for assay of raw materéaid
spectrophotometry for assay of CLO injection. Thethod cited above seems to be a good alternative to
reported methods, because it provides to be simgbég and sensitive for simultaneous analysisabh larugs
and their degradation products in pharmaceuticgpamations®.

Maslanka, Krzek and Stolarczyk developed a chromafidgeca and densitometric method for
identification and quantitative analysis of hydrlmechthiazide, triamterene, furosemide, and spiracine in
drugs used to treat hypertension. For separatitice gel F254 plates were used with hexane—ethgtaie—
methanol-water—acetic acid 8.4:8:3:0.4:0.2 (v/vinabile phase. Densitometric measurements wererpestl
at 264 nm. The authors stated that the methoditgbéel for use in analytical laboratories. Althouggveral
methods have been reported in pharmacopoeias fdysas of these drugs, a method for its simultaseou
quantitative determination was not found in thécidf compendium surveyed,

Mehta and Morge reported a HPTLC method for quatitg analysis of candesartan cilexetil and
hydrochlorothiazide in their tablet dosage formsrdinatography was performed on silica gel 60 GHi&tes
with acetone—chloroform— ethyl acetate—methanalB33% (v/v) as mobile phase. Detection was peréutrat
280 nm. This method has advantages because no gt@poeia monograph is described for simultaneous
analysis czlfl these active substances. Furthermbeemiethod was properly validated and shows satisfac
sensitivity™.

Miracor and coworkers published an HPTLC methodchgisan internal standard for analysis of
colchicine in a pharmaceutical formulation. The Igigaand internal standard were separated on alumin
plates precoated with silica gel 60 F254; the nepihase was ethyl acetate— acetonitrile—water—oeuid
8.0:1.0:0.5:0.5 (v/v). Quantification was by deaosittric scanning at 358 nm. According to the awthtre
established method enabled accurate, precise, api ranalysis of colchicine in the pharmaceutical
formulation. BP'? recommends HPLC method for analysis of relatedstamoes, potentiometric titration for
assay of raw material and spectrophotometry fdetabAlthough the cited method is a simple andapheno
analytical advantage is demonstrated. From thesedvistudies that employ thin layer chromatograpry f
pharmaceutical analysis, it was seen that advasitaigthis technique include fast analyses, low,castl less
organic solvent wastadé

2.5.2 Gas chromatography

Gas chromatography (GC) is a sensitive, accuragroducible, quantitative, and versatile tool anellw
adapted for the analysis of complex mixtures amgl tdchnique plays significant role in the analysigirugs
and pharmaceutical productsowever, the use of C@ limited to volatile and thermally stabd®empounds or
to molecules that may undergderivatization reactions to form thermally stahpeoducts. Below are
summarized some importaapplications of this technique in the fieldpfarmaceutical analysis.

Farajzadeh and coworkers reported a techniquéhéoextraction of valproic acid (VPA) by hollow-
fiber coated wire as a lab-made solidphase micraetion (SPME) fiber and its determination by capyl gas
chromatography in human serum and pharmaceuticalulations. The authors used a piece of copper wire
coated by polypropylene hollow-fiber membrane &PME fiber, and its efficiency for the extraction\PA
was evaluated. The microextraction process wasngm by the authors and the chromatographic ciongit
were set as follows: Initial column temperature megned at 75°C for 1 min, and then raised at 20@-1 to
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240°C and held for 5 min. Nitrogen was used adashand make up gas with flow rates of 1.2 and #5mwmn-

1, respectively. The temperatures of the inject pad the detector were set at 145 and 250°C, cagel.
Injections were carried out in splittess mode. HBu¢hors described that the low detection limit, evichear
dynamic range, repeatability and higher mechardcaability due to its metallic base are some @&f mhost
important advantages of the this fiber. USPecommend$C for analysis of VPA drug substance and for its
formulations. BP*? recommends GC for relateslibstances and potentiometric titration for assayrag
substanceln comparison with pharmacopoeial methods, the amixiraction procedure seems to be easy to
perform. Moreover, the method was compared witheaipusly reported method and the authors demdesitra
a considerably higher sensitivity. Also, the apgiien of the proposed method for the monitoring VIPA
human serum is very useful for clinical laboratsffe

Yilmaz published a gas chromatography— mass spretrg (GC-MS) method for simultaneous
determination of estradiol valerate (EV) and megipoegesterone acetate (MPA) in a tablet formulation
Chromatographic analysis was carried out on an HPS5column with 0.24um film thickness (30 m x 0.30
mm). Splitless injection was used and the carr@ergas helium at a flow rate of 2 mL min-1. Theatpr and
detector temperatures were 25°C. The MS detect@npeters were transfer line temperature 28°C, sblve
delay 3 min and electron energy 75 eV. The ovemp&ature program was held at 15°C for 1.5 min,dased
to 26°C at a rate of 50°C min-1 for 1 min and tirereased to 275°C at a rate of 10°C min-1 forr8i5. The
author concluded that themethod can be used faotitene QC analysis of simultaneous determinatib&V
and MPA pharmaceutical preparations in a total tshd5 min. For these two drugs, U$Precommends
HPLC method for analysis of drug substance andritg formulations. BP? method for related substances of
EV is by HPLC and for assay of drug substance isgmctrophotometry. For MPA, BPrecommends HPLC
method for related substances, spectrophotometradsay of drug substance and HPLC for assay @ dru
formulations. Therefore, the advantage of this etis the application for simultaneous analysibath drugs.
Moreover, it shows to be sensitive (detection liofitt0 and 25 ng mL-1 for EV and MPA, respectivedyid
selective from impurities and excipients peaksnithese reviewed papers, it may be noted that waithgas
chromatography is an analytical method that seavésoad range of pharmaceuticals, this technigffersu
from a major limitation in that a relatively smalinge of volatile and thermally stable compounds tre
reliable for analysié".

2.5.3 High and ultra performance liquid chromatogr aphy

High performance liquid chromatographRLC) is the most popular techniqused for the analysis of
pharmaceutical® andreversed-phase HPLC (RP-HPLC) is the most populatdchnique for pharmaceutical
analysis®. Below are exemplified some recent applicatiorlBL.C in pharmaceutical counterfeit analysis.

Casagrande and coworkers developed and validat#el.& method for the quantitative evaluation of
guercetin in topical emulsions. Chromatography pa$ormed on a HypersilR BDS-CPS C18 colummui#
250 x 4.5 mm i.d.) with a mobile phase of methamaiter (35:65; v/v) containing 2% acetic acid aloavfrate
of 1 mL/min. The volume injected was & with detection at 254 nm. The authors evaluated Rhysico-
chemical stability and showed that the raw mataralanionic emulsion, but not non-ionic emulsioerev
stable in all storage conditions for six monthse Buthors concluded that the present work repoféstaand
sensitive HPLC technique useful for routine quatintrol for quercetin determination in topicalrfarlations.
No USP, BP'? or EP'® has been reported a method for the determinafiguercetin. Thus, this method is
useful for routine quality control analysis becailsgas demonstrated a short analysis time (apprately 8.5
minutes) and a high sensitivity (18 and 29 ng mforldetection and quantitation limit&)

Chopra and coworkers described a comparative stoflydifferent detectors for the liquid
chromatographic determination of tobramycin. Dudhe absence of a significant UV chromophores & th
structure of tobramycin, the authors made a corsparbetween the analytical performance of diffebgands
of pulsed electrochemical detectors (PED) and tifferént evaporative light scattering detectors §EL) from
the same manufacturer. Different PED waveformglériquadruple and six potential-time waveformsWrP
QPW and SPW, respectively)) were also examinedhi@determination of tobramycin. USPrecommends a
HPLC method using a derivatization procedure falysis of tobramycin. B®* and EP*® prescribe a LC—PED
method for assay of drug substance and a micrapaabtest for assay of tobramycin injection.. Thaper has
a contribution to literature, because it showsratiBve detection tools to derivatization procedpreposed by
USP and it compares the sensitivity of the considiatetectors, showing that PED with SPW has thé bes
analytical performanc®.
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D’Hondt and coworkers published and validated ar.€lfPnethod for the assay and degradation of
salmon calcitonin at low concentrations (400 ppmhgibioadhesive nasal powder containing polymeng T
authors used an HPLC-UV/MS method with a reverdmsp C18 column in a gradient system based on
aqueous acid and acetonitrile. UV detection, usilfigoroacetic acid in the mobile phase, was aplior the
assay of calcitonin and related degradants. Elggtay ionization (ESI) ion trap mass spectrometising
formic acid in the mobile phase, was implementedilie satisfactory identification of degradatiomghucts.
The authors states that for the first time, a ceteplquality control of salmon calcitonin in a solid
pharmaceutical powder was performed.'BBnd EP? recommend HPLC method for analysis of related
substance and for assay of raw material. Howevenethod for analysis of this drug in bioadhesiveaha
powder was not found in the reviewed pharmacopoditnce, this method is useful to control quality
laboratories. Moreover, the authors demonstrategatisfactory sensitivity for degradations produofs
calcitonin (detection limits ranging between 0.8 @%%, compared to main calcitonin pe&k)

Davydova and coworkers reported a dissolutionrtethod and an analytical procedure by HPLC for
evaluation of the dissolution characteristics @ftally supplements tablets containing vitamin A.epedifferen
products containing retinyl acetate or retinyl pgdte were analysed. Chromatographic analysis vaased
out on a Waters Alliance HPLC system using Zorb#ék,N.5 cm x4.6 mm, fiim column. Hexane was used as
mobile phase with a flow rate of 2 mL min-1. Inject volume was 42 microliters with UV detection326
nm. EP*®, BP ', and USP" have general chapters for dissolution, but thdsamacopeias do not have
monographs with specifications for vitamin A in liets. Therefore, the dissolution test describeddde
proposed as a pharmacopoeial standard to assegsrtbemance of tablet formulations containing wita A.
Moreover, the authors demonstrated a satisfactuaysis time (14 minj°.

Mone and Chandrasekhar published degradation erofil pentoxifylline, which was subjected to
various stress conditions. A stability indicatin@ lseparation method was developed for pentoxifyland its
three degradation products using @, C18 reverse phase column and UPLC. Accordinthéoauthors,
baseline separation was done with a run time ofirb fnder oxidative stress conditions the drug tarire
underwent distinct transformation to give rise twiragle major degradation product which was elueidaising
1D, 2D NMR spectroscopy and high resolution magstpmetry (Q-TOF LC/MS). The authors concluded
that in this report, it was successfully used subr@verse phase column technology, with UPLC sydtarthe
development of efficient and robust method for skparation of closely related compounds of pengtixié.
USP* recommends HPLC for analysis of pentoxifylline girsubstance and its formulations. '‘BBnd EP®
describe HPLC technique for related substancegatehtiometric titration for assay of active dretpwever,
the novelty of this method was the elucidation afeav degradation product of this drug. The detestiand
guantitation limits for this degradation productrevdound to be 0.4 and g mL-1, respectively, showing
attractive and effective method sensitivity. Moreqgv although UPLC technique requires expensive
instrumentation, it is considerably faster and gates less waste, when compared with HPLC techsifjue

Rao and coworkers reported forced degradationt@haiir (RTV) under the conditions of hydrolysis
(acidic, basic and neutral), oxidation, photolysisd thermal stress using a LC-MS/MS method. Eight
degradation products were formed and their separatas done on Waters XTerraR C18 column (252 mmx
4.6mm, 5um) using water :methanol:acetonitrile (40:20:4@/wy as mobile phase. According to the authors,
no previous reports were observed in the literategarding the characterization of degradation ypctsl of
RTV. USP™, BP *? and EP'® recommend HPLC for analysis of related substamcesfor assay of drug
substance. The importance of the proposed meththchighe authors extended the method to LC-MS/MS f
characterization of the degradation products. Meeeoin comparison with the pharmacopoeial methtus,
chromatographic running time of this technique w&gnificantly lower. The limits of detection and
quantification were found to be 10 and 30 ng mkespectively,showing good method sensitivity

Zanitti and coworkers reported a semipreparativé GHienantioseparation of omeprazole (OME) and
its potential organic chiral impurities on the impilsed-type Chiralpak IA chiral stationary pha&SP) under
both polar organic and normalphase condition. T)eepantiomers were isolated with a purity of >93f4l
their absolute configuration were empirically assig by circular dichroism (CD) spectroscopy. Tlehteque
used a mixture methyl tert-butylether (MtBE)—ethgtetate (EA)—ethanol (EtOH)-diethylamine (DEA)
60:40:5:0.1 (v/vivlv) as a mobile phase. The awhdescribed that the proposed method ensures the EP
requirements for the routine check of enantiomeucty in raw material and pharmaceutical prepareti
Although USP!, BP*? and EP*® already describe HPLC methods for analysis of OMP importance of this
work is a semipreparative enantioseparation of dinigy and its chiral related substances. The deteeind



Rakesh kumar/Int.J.PharmTech Res.2014,6(2),pp 646-665. 657

guantitation limits were estimated to be 168 and By mL-1 for (S)- OME enantiomer, showing the
methodsensitivity. The papers cited in this subsaatiemonstrate the applicability of this automaemhnique,
which allows analysis of related substances, eftticid of degradation products, stability studiasargitation

of samples from dissolution tests, chiral sepanatiadetermination of drugs in biological matricasd a
multitude of other applications. Moreover, the trgarieties of detections systems and chromatograph
columns available make possible the analysis a@iafly all pharmaceutical compounds. However, thsra
high cost for equipment required to conduct HPL@ #ais technique can generate huge amount of wakte.
problem of waste disposal, however, is being redweith the use of chromatographic columns packeth wi
smaller particles, resulting in significantly fasémalyses with consequent reduction in generatiovaste™.

2.6 Capillary electrophoresis

Capillary electrophoresis is an effective sepamatechnique that can be used to large and smakoautgs.
This technique has high efficiency of separatiombding difficult separations, low analysis duratidast
development of methods, low sample and solventuwropsion, and automated and simple instrument3tion
The instrumentation of CE consists of electrodesaimple introduction system, a capillary, a higitage
power supply, a detector, aaddataoutput and handling deviteThere are many techniques that can to help
separate analytes with a capillary electrophoresistem These include non-aqueous CE (NACE),
microemulsion electrokinetic chromatograpiMEEKC), capillary isotachophoresis (CITR)apillary electro
chromatography (CEC) andmunoaffinity capillary electrophoresis (IACEMoreover, different means of
detection (MS, lightemittingdiode, fluorescence, chemiluminescera@d contactless conductivity (C4D)
detectors) araised, giving versatility and sensitivity to EEThe following are some applications of this
technique for pharmaceutical counterfeit analysis

Sanchez-Hernandez and coworkers published a agpidectrophoresis—electrospray ionization-
tandem mass spectrometry to the quantificatiom @nd d-carnitine in pharmaceutical formulatioAssample
treatment method consisting of the use of a ditubo an extraction step with water was employedrpio
derivatization with 9-fluorenylmethoxycarbonyl (FMOQ. More than ten pharmaceutical formulations were
analyzed including ampoules, oral solutions, sachanhd tablets. Results shows contents for caenitin
comprised between 76 and 100% with respect toabeléd ones in the case of those formulations redke
with the racemate, and from 97 to 102% in those<agere the single enantiomer (l-carnitine) wapleyed
as active ingredient. USP describes titration with perchloric acid for assdyl-carnitine raw material, and
HPLC for assay of its drug formulations. BRand EP*® describe an HPLC method for determination of eslat
substances and titration with perchloric acid fesay of |-carnitine raw material. However, only @ptical
purity control of Icarnitine as raw material is vggd, which lacks of sensitivity. Hence, theraipotential of
the proposed method to be applied in quality cdrootaining carnitine. Moreover, the detectionitiof 11
mg mL-1 (0.002%) in drug product was considerablydr than the limit established for any impurityl@),
showing the method sensitivity:

Azzam, Saad and Aboul-Enein proposed a capillanezelectrophoresis method for the combined
determination of atenolol, chlorthalidone and anide in pharmaceutical formulations in less thab &un.
The separation is effected in an uncoated fuséshstdapillary (74um i.d. x 52 cm) and a background
electrolyte of 25 mm KPQ, adjusted with 1 mol L-1 NaOH solution (pH 9.0) adetection at 197 nm. Normal
polarity mode at 24°C, 25 kV and hydrodynamic itige (10 s) were applied. According to the authdins,
method was applied to the simultaneous determimatib tested drugs in various pharmaceutical tablets
formulations. USP, BP *? and EP? describe methods for individual analysis of AT, @b AM as HPLC,
TLC, titration and spectrophotometry. However, ahnod for the simultaneous determination of theseysir
has not been described by the abovementioned pbapmeias. Therefore, the reported method is usefdl
can be adopted as a quality control in pharmacauticunterfeit estimation. Moreover, the methodveha
short run time for separation of the drugs (abo&itr8in) and adequate sensitivity (the limits of wmfitation for
AT, CD and AM were 2.35, 1.43 and 4.8¢ mL-1, respectivel?e.

Kika and coworkers reported a capillary zone etgtioretic (CZE) technique for the determination of
mitoxantrone (MTX) in pharmaceutical formulatioi@eparation was achieved with 24mM ammonium acetate
at an apparent pH value of 5.0 in 50% v/v acetibmjtapplied voltage of +29 kV, and capillary tenmguere of
24°C. Detection was carried out at 242 nm. Mitoxamé and doxorubicin (DOX) were completely sepatate
less than 7 min. This method was applied for treyasis of MTX in its injectable pharmaceutical fariation.
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According to the USB, BP*? and EP'®, an ion-pair HPLC method is recommended for thalitjucontrol of

the MTX drug substance and in injectable form. Hesvethe disadvantage of ion pairing chromatogragutey
prolonged equilibration times, difficult regenedaattiof the column, and irreproducible retention smidence,
this technique is an effective way to pharmacopomiathod. However, the method provided adequate,
although low sensitivity (detection limit of & mL-1)°".

Rambla-Alegre and coworkers published a capilldegteophoresis (CE) procedure combined with UV
detection for the quantitative determination ofyéghdiamine, ethanolamine, propylamine, piperaaine other
derivative groups in serum samples as well as iarmphceuticals. The optimized parameters for the
guantification of antihistamines were a 23 cm dapil UV detection at 215 nm, 20 mMol L-1 phosphate
running buffer at pH 2.0, 2 psi s—1 injection pressand 5 kV applied voltage. Under these conditidhe
analysis time was below 10 min. This is an effectivork from an analytical point of view becauseUsP™,

BP *? or EP'® describes a method for simultaneous analysis efetidrugs. Also, the method shows a high
sensitivity for all analyzed compounds (detectitimsts ranging from 4 to 28 pg mL-1) and it wastabie for
the determination of antihistamin&s

Zhu and coworkers reported the separation of tHmitrsimine enantiomers by capillary zone
electrophoresis using substituted cyclodextrinshiial selectors. Separation of enantiomers onremaodified
fused silica capillary (effective length 44 cm) washieved using a mixed buffer of 20 mMol L-1 phusie
and 10 mMol L-1 citrate containing either 5 mMollLmethyl$-cyclodextrin (pH 4.3) or 5 mMol L-1
carboxymethyB-cyclodextrin (pH 6.5). Samples were injected watlpressure of 50 mbar for 5 s and were
detected at a wavelength of 222 nm. No USBP'? or EP'® describes a monograph for sibutramine. From the
papers cited in this subsection, it was conclutiedl ¢apillary electrophoresis offers significanvatages like
small sample volumes, fast analysis, high separatficiency, low consumption of reagents and loastage.
However, this method frequently has low sensitivilye to the shorter path length of the flow cell

2.7 Vibrational spectroscopies

Vibrational chemical analysis strategies carrieshwt three main tools: mid IR spectro metry, aiddial
usuallynamed Fourier rework IR (FTIR) spectrometrgar-IR (NIR) spectrometry, and Raman spectrgmetr
Some applications of this method in pharmaceuéinalysis are summarized below.

Li and coworkers developed away suppofeurier remodel close to infrared(FT-NIR)speatopsy and
partial statistical procedure (PLS) algorithmic gmam for measure of 4 sorts of Tanreqing injectioter
mediates. The Near infrared spectra of a hundrddwenty samples were collected in transflectiveleadrhe
concentrations of chlorogenic acid, caffeic acigdebloside, baicalin, ursodesoxycholic acid (UDCahd
chenodeoxycholic acid (CDCA) were determined whle HPLC-DAD/ELSD as reference technique. The
established models were used for the liquid prejmsranethod analysis of tanreqing injection in 3cbhas. As
no pharmacopoeial technique is delineated for tladyaed compounds, this can bea relevant work.
Moreover, the strategy shows satisfactory sengitfdetections limits starting from zero.285 to ®5g). The
most advantage incontestible during this work & the planned technique is speedy and non desguotget
the idea for the intermediates of Tanreqing ingetf.

Oh and coworkers published a method for detectidri®2 concentration in a cream formulation using
Raman spectroscopy without further sample pretresaitsn According to the authors, the distributionT@d?2
particles in a highly viscous cream may not be hgen@ous on a microscopic scale and local aggregafio
the particles is possible; therefore, acquisitibrRaman spectra capable of representing the whaleple
identity. A wide area illumination (WAI) scheme,@ying 6 mm diameter laser illumination area orample,
was used to obtain representative sample presemtatid improved accuracy. BPand EP®? recommend
titration with 0.1 M ammonium and cerium nitrater fanalysis of TiO2. The proposed method would be
advantageous over the conventional titration methatirequires destructive incineration of the aigaream
matrix, as well as a higher consumption of chenfital

Talebpour and coworkers presented a techniquénéositnultaneous estimation of penicillin G salts in
pharmaceutical mixture via FTIR spectroscopy combimvith chemometrics. The authors predict that the
mixture of penicillin G salts is a complex systeaedo similar analytical characteristics of compusePartial
least squares (PLS) and radial basis functiongddgast squares (RBF-PLS) were used to develofirtbar
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and nonlinear relation between spectra and compsneaspectively. The orthogonal signal correction
preprocessing method was used to correct unexpedtation, such as spectral overlapping andtscag
effects. The chemometric models were tested oruter dataset and applied to the detection of comialered
injection product of penicillin G salts. Because pltarmacopoeia describes a monograph for simulteneo
analysis of studied penicillin G salts (potassiuvemipillin G, benzathine penicillin G, and procaipenicillin

G), this is an interesting approach. However, gresiivity of the method is not preserited

Hu and coworkers demonstrate the combined quawétanalysis of sulfathiazole polymorphs (forms
[, Il and V) in ternary mixtures by attenuatedatoteflectance-infrared (ATR-IR), near-infrared alRedman
spectroscopy combined with multivariate analysis. minimize the effect of systematic variations, rfou
different data pre-processing methods; multipli@scatter correction (MSC), standard normal vari@NV),
first and second derivatives were employed and fheiformance was evaluated using their predictioors.
According to the authors, it was possible to deaveliable calibration model for the three polyptac forms,
in powder ternary mixtures, using a partial leagtases algorithm with SNV pre-processing, whichdjoed
the concentration of polymorphs 1, Ill and V. Th&R'" method for assay of sulfathiazole drug substasce i
titration with 0.1M sodium nitrite. BP and EP® recommend TLC for related substances and titratiih
0.1M sodium nitrite for assay of drug compoundsweeer, these pharmacopoeial methods are not able to
guantify different polymorphic phases. Since polypihs of a pharmaceutical solid may have different
physicochemical properties, this work is quite valg. The detection and quantitation limits for tNear
infrared analyses were 3.6 and 10.8% for form8, &d 17.6% for form Il and 6.3 and 18.5% for fo¥n
Accordirég to the authors, these results are instme limit as those reported for other ternary mpokph
analyses”.

Ziemons and coworkers published a near infrareibragion model to detect the acetaminophen
content of a low-dose syrup formulation (2-3%, wi&)prediction model was built using partial leaguare
regression. First derivative followed by standaodnmal variate were chosen as signal preproces$hmgNear
infrared model was used to monitor in real time AR concentration while mixing syrups containingrious
amounts of APl and, according to the authors, algetation was found between the Near infrared putmd
the theoretical concentrations. For acetaminopkewveral pharmacopoeial techniques are describéatling
High performance liquid chromatography, titrationdaspectrophotometry. However, the advantage of the
method proposed by Ziemons and coworkers is tleatNghar infrared measurements could be performed off
line, at-line, on-line or in-line to check the comhity of the pharmaceutical syrups during the nfiactuiring
and/or before the final packaging stage. Furtheemtite method presented a high, but adequate isgpsit
(lower quantitation limit of 15.7 mg mL-1) From tabove-mentionedibrationalspectroscopy methods, it was
noted thathe usefulness of this technique is mainly attedub its speed and economy against other andlytica
techniques. Additionally, it offers the possibility perform on-line analysis. The analytical tasgate mainly
powdered solids and the modes of NIR measurememnainly diffused reflectidii

3. CONCLUSION

In this paper, recent analytical methods appliedgicantitative analysis of pharmaceutical formalasi were
reviewed.Several tools like UV/VISspectrophotometryfluorimetry, titrimetry, electroanalytical techniques
(mainly voltammetry), chromatographic methods (TLC, CG and mainly HPLCE, and vibrational
spectroscopieare themain techniques that have been used, of which fibuad a tradition to utilize faster
techniques withcost savings and reduction in solvent consumpfiable 1 presents a summary of cited
techniques fothe quantitative analysis of counterfeit pharmécals drugs. Fronthis work, it was observed a
trend in the applicationf techniques increasingly rapid such as yteesformance liquid chromatography and
the use okensitive and specific detectors as mass specteosnet
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Table 1. Examples of quantitative methods applied in phaeutical counterfeit analysis. The citations are

grouped according to analytical techniques exemgliin this work.

660

Compound(s) Sample(s) Analytical technique(s) Ref.

Sildenafil citrate Tablets Raman Spectroscopy 5

Tadalafil Tablets NMR and Raman spectroscopyf 6

Sildenafil, Tadalafil Tablets NIR, RAMAN and FTIR 7

Verdanafil

Atorvastatin Tablets NIR and RAMAN with 8

chemometrics

Drotaverine Tablets UV spectrophotometric and HPL®

hydrochloride, caffeine,

paracetamol,

Fluphenazine, Tablets Spectrophotometry 15

pernazine, haloperidol

Chlorzoxazone (CLZ) Capsules and human | Fluorimetry 16

and ibuprofen plasma

Rosiglitazone maleate | Bulk, Tablets and Spectrofluorimetry and 17
human plasma spectrophotometry

Verapamil hydrochloride 19

diltiazem Tablets Spectrofluorimetry

hydrochloride,

nicardipine

hydrochloride and

flunarizine

Camptothecin in Tablets and capsules Spectrofluorimeter 20

Second derivative

irinotecan and in

opotecan

Hydrochlorothiazide, Tablets Spectrofluorimeter and 21

indapamide and spectrophotometer

xipamide

Doxepin hydrochloride | Capsules Spectrofluorimeter 22

Stavudine Tablets Titrimetry and spectrophotometry 23

Nordiazepam Tablets Titrimetry and spectrophotometry 24

Hydroxyzine Pure form and Tablets| Titrimetry 25

Dihydrochloride

Doxycycline hyclate Pure form and Tablets| Titrimetry and spectrophotoyne 26

Minoxidil Topical formulation Titrimetry 27

Acetaminophen and Human serum and Voltammetry and Amperometry 29

mefenamic acid urine

Sulfadiazine Tablets Voltammetry 30

Cefixime Tablets and human | Votammetry 31
urine

Nitrofurantoin Capsules Voltammetry 32

Propranolol and Atenolol| Tablets Voltammetry 33

Carbamazepine Tablets and waste Voltammetry 34

water samples
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Tropisetron Bulk HPLC,TLC and first derivative | 37
powder,Laboratory spectrophotometry
prepared mixtures and
capsules
Olmesartan medoxomil | Tablets TLC 38
And Hydrochlorothiazide
Escitalopram oxalate Bulk and Tablets HPLC 39
Hydrochlorothiazide, Tablets TLC 40
triamterene, furosemide,
and spironolactone
Candesartan cilexetil Tablets HPLC,TLC 41
and hydrochlorothiazide
Colchicine Tablets HPLC, TLC 42
Tablets
HPLC,TLC
42
Valproic acid Gas chromatography Human serum, Tablets and syju@ 4
Estradiol valerate and Tablets Gas chromatography and Mass| 44
Medroxyprogesterone spectrometry
Acetate
Quercetin Topical emulsions HPLC 47
Tobramycin Pure form HPLC 48
Salmon calcitonin Bioadhesive nasal HPLC 49
power
Retinyl acetate and Tablets HPLC 50
retinyl palmitate
Pentoxifylline Tablets UPLC, LC-MS 51
Ritonavir Pure form LC-MS 52
Omeprazole Raw materials and HPLC 53
Tablets
[-carnitine and dcarnitine] Ampoules, oral CE-MS 55
solutions and tablets
Atenolol, chlorthalidone | Tablets CZE 56
and amiloride
Mitoxantrone Injectables CZE 57
Ethylendiamine, Serum sample, capsule CE 58
ethanolamine and syrup
Sibutramine Capsules CE 59
Chlorogenic acid, Injectables HPLC, FT-IR PDA 60
Caffeic acid, luteoloside,
baicalin,
ursodesoxycholic acid
and chenodeoxycholiacid
TiO2 Cream formulations Raman spectroscopy 61
Penicillin G salts Pharmaceutical mixtuyre FT-IR 26
Sulfathiazole Pharmaceutical mixture FT-IR, RAMAN 63
Polymorphs
Acetaminophen Near Infrared spectroscopy 64
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