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ABSTRACT

The authors outline the trendsin the field of pharmaceutical analysisinthe
past 25 years. The most remarkable devel opment has been the introduction
and rapid spread of high-performance liquid chromatography. This tech-
nigue has become the most important method in the quality control of bulk
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drugs and pharmaceutical formulations, even at the pharmacopoeid level,
and (increasingly coupled with mass spectrometry) also in the determina
tion of drugs and metabolitesin biological samples. The changesintherole
of other chromatographic (electrophoretic) and spectroscopic techniques
are also discussed with emphasis on their hyphenated variants. There are
separate sections devoted to chiral issues and regulatory aspects of drug
analysis with emphasis on questions related to validation.

© 2008 Trade SciencelInc. - INDIA

1.INTRODUCTION

Thescopeof drug analysisincludesthe anaytical
investigation of bulk-drug materials, theintermediates
intheir synthes s, products of drug research (potentia
pharmacons), drug formulations, impuritiesand degra:
dation productsof drugs, biologica samplescontaining
thedrugsand their metaboliteswith theaim of obtain-
ing datathat can contributeto themaximal efficacy and
maximal safety of drug therapy and the maximal
economy of theproduction of drugs. Theefficacy, safety
and economy of drug therapy areextremely important
issuesnot only from the point of view of public hedth,
but their financia, moreover political, aspectsarealso
immense. Asaconsequenceof this, pharmaceuticd and
biomedical analysis is among the most important
branchesof applied anaytical chemistry. Tofulfill the
rapidly increasing demands asregardsthe number and
thequality of andytica measurements, greet effortshave
been madeand are being madeto apply, moreover fur-
ther developinthisfield, thelatest achievementsof ana-
Iytical chemistry. Thiscan be demonstrated by thegreet

number of books devoted to thistopicinthelast quar-
ter of century, and up to the present time*1%- Theim-
portanceof drug impurity stability- related issuescan
also be characterized by the large number of books
devoted to thissubject™*, The determination of drugs
and metabolitesin biological samples*®2Y, with par-
ticular attentiontotoxicologica andforensicandys s
31 requiresspecid techniquesand specid waysof think-
ing, asreflected by many bookson theseissues. Drug
discovery requiresasolid analytical backgroundwitha
great variety of methodsto be used®2* (and severa
morereferencesin the sectionsbel ow). Referencewill
be madeto several more booksin the sectionsbel ow
dedlingwith variousmethodol ogical branches of phar-
maceutica analysisand other issues.

2. TheHPLCEra

Themost characteristic feature of the development
inthe methodol ogy in pharmaceuti cal and biomedical
analysisin the past 25 yearsisthat variousforms of
high performanceliquid chromatography (HPLC) be-
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came undoubtedly themost important method®*+*71, The
theoreticd and practical foundationsof thismethod were
laid down at the end of 1960s and at the beginning of
1970s. Thelatter decade was the period that saw the
rapid spread of thistechnique. We can try to charac-
terizetheposition of HPLC in pharmaceutica anays's
at the beginning of the 1980s by the share of the vari-
oustechniquesinthe 1st Volumeof the Journd of Phar-
maceutica and Biomedical Anaysis(JPBA, 1983). In
no lessthan 50% of the papersinthisvolume, HPLC
was applied for the solution of variousproblems, leav-
ing the other 50% to about 15 other chromatographic,
spectroscopic and other methods-about 10% gaschro-
matography (GC), 5% thin-layer chromatography
(TLC), 10-10% ultraviolet (UV) spectrophotometry and
electroanalytical methods. Thiscaseappliesonly partly
to pharmacopoei as, which are naturally more conser-
vetivethantheauthorsof currentresearcharticles HPLC
appeared for thefirst timein the 20th revision of the
United States Pharmacopoeiawith much moremodest
but yet remarkabl e contribution (about 5%inthe as-
saysof bulk drugsand drug formulations, respectively,
andwithafew examplesat that timeof chromatographic
purity teststhat occasionally featured in some mono-
graphs)®. The contribution of HPLC in the recent
Volumes 38 and 39 of JPBA hasfurther increased to
about 65%. However, agreat differenceisthat, while
in 1983, aUV detector was used almost exclusively
(leavingalittlesharetorefractiveindex, fluorimetricand
electrochemica detection), in 2005, in about onethird
of the HPL C papers, amass spectrometer was used as
thedetector. Duetoitshigh sensitivity and selectivity,
HPL C coupled with mass spectrometry, HPLC/MS
(MS) or LC/MS (MS) have becomethe predominant
method in bioassays, and pharmacokinetic and meta-
bolic studies, aswell asinthe structure e ucidation of
drug impurities and degradation products®*#9, The
breakthrough of HPLC in compendia analyssof smdl
organic moleculeswasa so extremely rapid. Inthelat-
est (29th) revision of the United States Pharmaco-
poeid*!, HPL C isused for the assay of bulk-drug ma-
terialsof thistypein about 45% of the monographs.
Thisshareissomewhat higher than that of thenon-se-
lective but muchlesstime-consumingtitration methods,
leaving only about 10% to other methods, mainly the
smilarly non-selective UV-Vis spectrophotometry. As
for the purity control of bulk-drug materials(related
compoundstest, which hasbecome quitegenerd since

Hnalytical CHEMISTRY o

1980), HPLC and TLC are used almost exclusively
with about equal shares. Even more spectacular isthe
propagation of HPLC in the assay of pharmaceutical
formulations, which need specific, stability-indicating
methods: ashare of about 75%. No other method has
spread sorgpidly inthehistory of pharmaceutica analy-
sis. In addition to the spread of HPLC/M S, another
new developmentinthisfied hasbeentheintroduction
of column packingswith ultrafine particles(<21m) en-
abling short columns (5 cmor less) tobeused and rapid
analyses (e.g., 5 min or even less than 1 min) to be
carried out (by UPLC = ultraperformanceliquid chro-

matography)
3. Other chromatogr aphic methods**#1

Themost important goplicationfield of modern TLC
Isthe separation of the components of complex mix-
tures(e.g., impuritiesand degradation productsof drug
materids, and extractsof medicinal plants). Thespeed
and the resolution could be greatly improved by the
introduction of specid techniques, such ashigh perfor-
mancethin-layer chromatography (HPTLC) using ul-
trathin layersand coatingswith ultrafine particles or
Over pressured-layer chromatography (OPLC). The
devel opment of densitometersenablesclassical TLC
and thelatter techniquesto be successfully used astools
for thequantitative analysisof complex mixtures. Asa
consequence of theintroduction and rapid spread of
HPLC (and HPLC/MS), theimportance of GC (and
GC/MS) naturdly decreased somewhat. Neverthe ess,
thesearedtill important techniquesin many fie dsof drug
anaysiswherethe analytesarevolatileand thermally
stable enough. Moreover, anew field of gpplicationin
the past 15-20 yearsbecame the determination of re-
sidua solvents in drugs. Almost exclusively, the
headspace techniqueisused to enable the demanding
requirementsto befulfilled (i.e. determination of the
solventsat the 10-ppm level; moreover; inthe case of
carcinogenic or genotoxic solvents, down to the ppm
leve).

4. Capillary electrophoresis and related tech-
niquess4l

Sincetheintroduction of thefirs commercidly avail-
ableingrumentsinthelate 1980s, capillary dectrophore-
ss(CE) and related methods, such asmicellar Electro-
kinetic chromatography (MEK C), microemulsion Elec-
trokinetic chromatography (M EEK C) and capillary
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el ectrochromatography (CEC)“®, have attracted great
interest in pharmaceutica andysisaspossblealterna
tivesor amendmentsto HPLC. Thistrend can be char-
acterized by their remarkably high share (about 10%)
inthe papersinthe 2005 volumesof JPBA. Ontheone
hand, thisshareisan underestimate, sncetherearejour-
nalsspecidizingin CE. Ontheother hand, itisan over-
estimate, since, despite CE having severd advantages,
such asaflat flow profile, that result in an extremely
high column efficiency, dueto limitationsasregardsits
genera applicability, it doesnot yet seemto beareal
rival toHPLCinthe practiceof compendial industria
pharmaceutica andyss. CE isdready anofficia method
inUSPX XXM, but itscontributionto the monographs
isstill negligibly low. However, itisaready aninevi-
tabletool intheanaysisof proteinsand other biopoly-
merswith particular respect to miniaturization leading
to chip-based bioandytical chemistry. Of thenew tech-
niques mentioned above, CEC will certainly have a
bright future.

5. Spectroscopic methods and their hyphenated
variants

The development of nuclear magnetic resonance
(NMR) and mass spectrometry (MS) in the past 25
years, along aroad paved with Nobel Prizes, hasaso
been successfully exploitedin pharmaceutica and bio-
medica andysis. In particular, thedramatic decreasein
the demanding requirements for samplesizeand the
solution of thedifficult problemsof interfacing thesetech-
niques with chromatographic (and electrophoretic)
separation methods have greatly expanded their field
of application. In addition to the off-line applications
that are till widely used, on-lineHPLC/M S, HPLC/
NMR and HPLC/NMR/MS, and other hyphenated
methods, arebecoming theleading methodsin, for ex-
ample, thestructureducidation of drugimpurities, deg-
radation products, metabolites, and bioactive compo-
nentsinnatura productd“**®, Duetoitshigh sensitivity
and selectivity, HPLC/MS (M S) hasbecomethe pre-
dominant method, evenin the quantitation of thesemi-
nor components (e.g., in pharmacokinetic and
bioequivaencestudies). A renai ssance of UV spectros-
copy®™ isobservable dueto theavailability of diode-
array detectorsattached to HPLC and TLC densitom-
eters, both suitablefor obtaining good-quality spectra,
whichareoftenuseful, for example, inidentifyingimpu-
rities. Asfor the quantitative analytical application of
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this technique, the approximately 10% share in
pharmacopoeiasfor the assay of bulk-drug materials
and pharmaceuticd formulationsisonly very dowly de-
creasing. Derivative spectrophotometry and multiwave-
length/chemometric measurementswereinteresting and
successful research areas at the beginning of the 25-
year period. At present, these can be considered to be
fairly important routine methods. It isremarkablethat,
inthe course of the past 25 years, col orimetric meth-
ods based on chemical reactionshaveamost entirely
lost their importance. Themost important application
of fluorimetry in modern pharmaceutica and biomedi-
cal analysisis as detectors attached to HPLC or re-
lated techniques. In particular, laser-induced fluorim-
etry based on native or derivatization-based fluores-
cence enablesvery sensitive determinationsto be car-
ried out. Themost important field of application of in-
frared (IR)®2 and near-infrared (NIR) spectroscopy!™
istheidentification of drugs. IR hasgreatly decreased
(dmost completely eliminated) theimportance of the
classical color tests, while NIR isamethod of increas-
ingimportanceinthein-process control in manufactur-
ing pharmaceutica formulations. IR and Raman spec-
troscopy, together with solid-phase NMR, X-ray dif-
fraction and therma methods arethe up-to-date meth-
odsin solidphase characterization™, whichisof great
importancein deve oping pharmaceutica formulations
with optima bioavailability. Althoughtheclassica sul-
fide and other limit tests are still widely used in
pharmacopoe asfor (toxic) metal impurities, theimpor-
tance of the much more selectiveand sensitiveatomic
spectroscopic methods, such asgraphitefurnaceatomic
absorption spectrometry (GF-AAS), inductively
coupled plasmaatomic emission spectrometry (ICP/
AES) and mass spectrometry (ICP/ MS), israpidly
increasing.

6. Other methods

Althoughtitrationsarenon-sdective, thisclassica
method isstill widely used in compendial analysisfor
the assay of bulk-drug materias. Itsshareinthe Euro-
pean Pharmacopoeid® isamost 70%. Eveninthe USP,
wherethebreskthrough of HPLC hasbeen much fagter,
morethan 40% of low molecular wei ght organic com-
pounds are determined by aqueous or non-aqueousti-
tration. It isremarkable that potentiometric endpoint
detection step by step replaces the use of indicators
(especially in the European Pharmacopoeia). Other
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electroandytical methods have awaysbeen only mod-
estly important in pharmaceutical anaysis. Classical
pol arographic methods using toxic mercury e ectrodes
arebeing driven out from practi ceand replaced by new
electrodes(e.g., glassy carbon éectrodes modified with
carbon nanotubes enabl e highly sensitive analyses).
Another fidld whereremarkabl e results have been ob-
tained is the development of ion-specific and
mol ecul especific sensors. Flow-injection analysiswith
various spectroscopic and e ectroana ytica chemilumi-
nescence detectorsisoften used intheanalysisof drug
formulations™. Twenty-fiveyearsago, all antibiotics
weredetermined by microbiologica methods®™. Inthe
modern pharmacopoei as, inthemgority of cases, these
arereplaced by much more selectiveand informative
methods, mainly HPL C. Although theimportance of
immunoassays has decreased in the recent years, they
aredtill oftenusedinthedetermination of somebioactive
compoundsin biologica samples. Radioimmunoassay
has been gresatly superseded by variousenzyme-immu-
noassay methods.

7. Chiral issues

The separation and the quantification of enantio-
meric mixturesareamong the great challenges of the
past quarter-of-a-century in pharmaceutical and bio-
medical andysg%%!. Themain problemsto besolved
arethedetermination of theenantiomeric purity of drugs
being used in therapy as pure enantiomersand the si-
multaneous determination of the components of race-
matesinbiologica samples. Inthebeginning, GC sepa
rationsbased on homochird derivatization followed by
separation of theforming diastereomeric pair on achird
stationary phasesand direct determinationson chiral
dtationary phaseswerethe predominant methods. Later
on, HPL C replaced GC in both branches of enantio-
meric separations, and al so enabled the use of athird
gpproach: dynamicformation of diastereomeric adducts
using homochira mobilephaseadditivesand their sepa:
ration on achiral stationary phases. Thelatter type of
enantiomeric separation has al so been successfully
adapted to CE'®®l. The present situation can becharac-
terized by the spread of thistechniqueand the continu-
ousdevelopment and commerciali zation of new types
of chiral HPLC columns,

8. Regulatory issues: the present situation and
futuretrendg®e®l
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Duetotheglobalization of thedrug market and the
sharpening concurrence among the drug companies,
pharmaceuti cal anadysishas becomeone of the battle-
fieldsinthestruggle. Theimportanceof issuesrelated
to drug safety has greatly increased and thishasled to
the continual increase of demands asregards securing
thequality of drugs, moreover often over securingthe
safety of drug thergpy. Tofulfill theaboverequirements,
it became necessary to harmonize the demands and
anayticd drategies. Thefirst step wasestablishmentin
the early 1970s of the European Pharmacopoeia, of
which the 5th Editionisnow official®. Thisbecame
the basisof the national pharmacopoei asof the mem-
ber states of the European Union. The next step was
formation of ICH (International Conference on Har-
monization) in 1990, with theaim of harmonizing the
effortsof registrationagencies, principa pharmacopoeias
(Ph. Eur., USP and Japanese Pharmacopoeia) and
pharmaceutica manufacturersorganizationstoimprove
thequality of drugsand the safety and efficacy of drug
therapy. Theguidelinesissued by ICH areauthoritative
worldwidewith respect to drug-quality issues. How-
ever, it hasto benoted that therequirementsasregards
thequality of thedrugsand drug formulationsinthe
drug market are in practice much greater than those
prescribed in the pharmacopoeiasand |CH guiddlines.
The most remarkabl e changein the pharmacopoeiasin
the past 25 years hasbeen theincreasingimportance of
purity tests. At the beginning of thisperiod, only avery
limited number of monographs contained testsrelated
toimpurities. Thanksto the development of TLC and
HPLC, at present, the overwhelming majority of the
monographson bulk drugsand inafairly high propor-
tion of those on formulations contain thesetests. The
impurity profilehhasbecomethemost informativeindi-
cator of thequality of bulk-drug materials. At thesame
time, the importance of assaying bulk drugs has de-
creased considerably; moreover, thereareopinionsthat
even thisimportanceis questionabl€™. Asaconse-
guenceof thetendenciestowardsglobdizationand har-
monization mentioned above and the necessity of in-
creasing the safety of drug therapy, validation of the
analytical methods has cometo theforefront; more-
over, it hasbecome one of themost important issuesin
contemporary drug anadysis. Theauthorsof thisarticle
have no doubt about the importance and the necessity
of vaidating andyticad methodsin pharmaceutica andy-
sis. However, some negative tendencies are al so ap-
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parent: afully validated method meeting the require-
mentsof variousguidelinesneedsmuch moreana ytica
datathan would be strictly necessary; asaconsequence
of this, many drug anaysts (especidly amnong theyoung
generation) fed that theessenceof pharmaceutica anay-
sisisthemass production and handling of datarather
than problem solving; and, theway of thinkingischang-
ing, with many people (mainly outsdethecirdesof drug
analysts) believing that possess on of up-to-date, auto-
mated/computerized (and very expensive) insruments
and vaidated methodsautomaticaly givegood and re-
liableresults. In contrast to the above concerns, the
authorswishesto concludethisarticle by expressing
their, perhaps somewnhat ol d-fashioned, view: pharma-
ceutical analysis, even at the beginning of thetwenty-
first century, isnot only animportant field of activity in
theinterest of suffering mankind throughincreasingthe
safety of drug therapy but it isalso at thesametimea
sourceof inexhaustibleintellectua pleasures.
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