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ABSTRACT

Two novel, simple, and sensitive spectrophotometric methods were ap-
plied successfully to the determination of clarithromycin (CLM) in pure,
pharmaceutical dosage form, and humane plasmawith good accuracy and
precision. The methods were based on chrage transfer complexes (CTCs)
with both iodine (1,) as o-acceptor and tetracyanoethylene (TCNE) as nt-
acceptor. The complexes were stable at least for two days after its forma-
tions. The orange and yellow CTC species have an absorption maxima at
363 and 420nm for |, and TCNE, respectively, with amolar absorptivity
between 2985 to 3497 and 6877 t0 9872 | mol* cnm™. The stoi chiometries of
the CTCsweredefined by Job’s, molar ratio and striaght line methods and
werefound to form 1.1 stable stoi chiometric complexes. Also, the forma-
tion constants and thermodynamic parameters(AH®, AS°, and AG°) of the
resulting CTCs were determined. The optimum reaction conditions and
other analytical parameters were also investigated. The developed meth-
ods were found to be linear over concentration ranges of 35-135 and 15-
95ug mi-twith limit of detection 0.12 and 0.18ug mi- for iodineand TCNE
methods, respectively. The methods were shown to be applicable to the
determination of CLM in human plasma.
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INTRODUCTION

Clarithromycin (CLM), 6-0-methylerythromycin, is
asemi-synthetic macrolideantibioticwith good antimi-
crobia activity against awiderange of gram-positive
and gram-negativeorganisngFgure 1). Itiswiddy used
for the treatment of Mycoplasmas, Haemophilus
influenzae, Chlamydiaspeciesand Ricketts a2, Vari-
ous analytical methods have been devel oped to deter-
mine clarithromycin in formulations and biol ogical
samples, such as spectrophotometric®4, chromato-

graphic®7, and e ectrochemica®® methods. Thechro-
matographic methodsreported recently havelower de-
tection limit, but suffer fromthelongandysistime, ex-
pensiveinstrumentation and complex sample prepara:
tionwhichisinappropriateinclinica studieswithlarge
numbers of samples. Methods of e ectrochemica and
amperometric detection al so suffer from time-consum-
ing problemsin both sample preparation stepsand the
chromatography.

Thestudy of charge-transfer (CT) interactionsbe-
tween various el ectron donorsand o- and t-acceptors
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Figure1: Schematic structureof clarithromycin

had attracted cons derableinterest and growingimpor-
tance. Thisisdueto theimportant roleof charge-trans-
fer complexes(CTCs) playedinbiological systemd'®
12 and for quantitative estimations of drugs**19. The
CTC as an analytical method has been the focus of
interest of many recent studiesfor itshigh sengitivity,
good analytical selectivity, easy and lesstime consum-
ing comparing with the above methods. Also, CTCsof
adrug moleculeusually absorbinthevisiblerangeand
thuslead to easy detection and estimation of thedrugin
complex matrixes.

lodine (1,) and tetracyanoethylene (TCNE) are
strong - and ©t- acceptors drugs, respectively. They
wel known for itselectron-accepting propertieswhich
may be deduced from molecular orbital consideration
and havebeen used asmode sacceptorsto investigate
the electron-donating properties of organic mol-
ecules™™8, In human biology, iodineisrequired for the
biosynthesis of thethyroid hormones, triiodothyronine
and thyroxin, which regulate metabolicrate. During the
past few decadesthe CT complexation of iodineand
TCNE withawidevariety of drugsmoleculehavebeen
the subject of extensiveresearchi**23,

Because of our interest in thetrend of CTCsand
studied their spectral propertiesd®>?1, weinvestigated
the interaction of iodine and TCNE with CLM in
dichloromethane (CH,Cl,) solutions at different tem-
peratures. The study extended to includethe determi-
nation of CLM in pharmaceutical preparationsand hu-
man plasmathrough CT complexation.

EXPERIMENTAL

Hnalytical CHEMISTRY o

Chemicals, reagentsand instruments

CLM andwhitecrystaline TCNE (from Sigma-
Aldrich, Taufkirchen, Germany) were of the highest
purity availableand used without any further purifica-
tion. Resublimed iodine of anaytical grade was sup-
plied from Merck (Darmstadt, Germany) and wasused
asreceived. All solventsand reagentswereof analyti-
cal grade. Claritt® tablets (250mg CLM) were pre-
pared by Tabuk Pharmaceutical Manufacturing Co.
(Tabuk, Saudi Arabia).

A Shimadzu 1601 PC spectrophotometer with
quartz cellsof 1cm optical path length was used for
recording absorption spectra. All UV-visspectrawere
recorded withinthewave ength range 200-700nm us-
ing the same solvent in theexamined sol ution asablank.
Sampleswere measured fivetimes at the sametem-
perature. For thermodynamic studies, thegpparatuswas
equipped with atemperature controlled cdll holder. Both
sampleand blank compartment were kept at constant
temperature by a Shimadzu TCC-240A thermostat
which alowed thetemperature to be maintained con-
stant to+0.1°C.

Sandard solutions

CLM: A stock solution of CLM at aconcentration of
1x10°M was prepared in volumetric flask by dissolv-
ing CLM powder accurately weighed in CH,Cl,, and
diluting upto 10 ml with the same solvent.

lodine: Fresh solution of iodine 1x10M wasprepared
by dissolving precisdy weighted in the gppreciate vol u-
metric flask of CH,CL,

TCNE: A standard solution of TCNE 1x102M was
prepared by dissolving 12.8 mg of pure TCNE in a
10ml volumetricflask usng CH,CI.,.

Samplepreparation

Twenty Claritt® tabletswereweighed and pow-
dered. Quantitiesequiva ent to 20mg CLM weredis-
solvedin80ml of CH,Cl, with stirring for 30min. Solu-
tionswerefilteredinal00ml volumetricflask andfilled
to the mark. Working sampl e sol utionswere prepared
by dilutionsin the appropriate way.

Human plasmasamples

Human plasmasamplescollectedin EDTA sample
tubes (from healthy drug-freevolunteers) were spiked
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with CLM, vortexed and centrifuged at 1800rpm for
10min to separate the plasmacomponent. A 250ul of
plasmasamplesweretransferred to aclean sampletube
and 20ul of 0.25M NaOH wasthen added. The solu-
tionswerevortexed briefly then 1.5ml of ethyl ether
wereadded and vortexed for 5min and centrifuged for
another 5min at 4000rpm. The organic layers were
transferred into other clean tubes and dried under a
stream of N, at room temperature. Theresidueswere
reconstituted with 250ul CH,CI, and the CT reactions
werecarried out.

RESULTSAND DISCUSSIONS

Absor ption spectra

The electronic absorption spectra of mixtures of
iodinein dichloromethanewith different concentration
of CLM areshowninfigure 2. Whilenoneof thereac-
tants show any considerabl e absorbancein the 300-
450nm range, addition of the CLM toiodineresultsin
two absorption bandsinthisregion, presumably dueto
theformation of CLM-iodine complex. Thespectraof
the mixture (Figure 2) show bandscharacteristic of free
iodine and complexed iodine. Thelatter hastwo ab-
sorption bands, thehypsochromically shiftediodineband
intheregion of 295nm and aCT band at 360nm. The
limiting value of thisshift isat about 295-300nm, which
isthe characteristic absorption of thel ionsin solu-
tion?, Therefore, it can be concluded that the polar-
ization of theiodinemoleculein thecomplex increases
to the extent where a clear-cut separation of the band
occurswith theresulting formation of triiodideion. As
can be seen fromthefigure 2, theintensity of 295 and
360nm bandsincreased markedly with the concentra-
tion of CLM. The observed of the CT band and the
subsequent formation of thel,” ionin solution aremost
probably dueto atransformation of theinitialy formed
outer complex into an inner el ectron donor accepter
(EDA) complex followed by afast reaction of there-
sultinginner complex withiodinetoformatriiodideion
(27.28], By anal ogy with other n-c* complexes?=% we
concludethat thefoll owing reaction occur betweenthe
CLM andiodineinsolutionasshownin SCHEME 1.

The absorption goectraof solutionscontaining CLM
and TCNE together exhibit new absorption at longer
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CLM/Iy system at 278 “K
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Figure2: Electronic absor ption spectraof CTC for CLM
with 5x10“*mol I*iodinein CH,CI,
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Figure3: UV-visspectraof 5x10*mol It of TCNE, 1x10*

mol I*of CLM tablet,and CTC of CLM/TCNEin CH,Cl. at

5°C
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SCHEME 1. Themechanigticpathway for CTC of CLM/I,
system

Fast (1)

DI, Slow (1)

wavelength than either thedrug (A =227nm) or the
acceptor (A, =275nm) alone. Thenew and broad ab-
sorption indicatesthat theformation of € ectron donor
acceptor (EDA) complex. TheCLM isrelatively elec-
tronrichand TCNE isrelatively electron poor com-
pound. Whenasol ution containing bothan dectronrich
and electron poor compound, they tend to associate
with oneanother in alooseinteraction known asEDA
complex. The CTC of CLM with TCNE indichloro
methane gaveyd low color at 420 and 401 nmasshown
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Figure4: (a) Continuousvariation plot for CLM/I,and
CLM/TCNE systemsat 363 and 420nm, respectively. (b)
Photometrictitration curvefor theCLM/I,and CLM/TCNE
reactionsin CH,Cl, at 363 and 420 nm, r espectively
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Figure5: Benesi-Hildebrand plotsfor CTC of CLM/I,
system at different temperatures

infigure 3. Thenew, low energy absorptions observed
in solutions contai ning both adonor and an acceptor
have been described by Mulliken®! asCT transitions
involving the excitation of an electron on thedonor to
an empty orbital on the acceptor gaving n-* transi-
tion.

The stoichiometry of the complexeswerecarefully
determined using different methods. Molar ratio and
Job’s method of continuous variation'®>% indicated a
1.1 complexationratio showninfigure4. Application
of qualitative straight linemethod®! gaved so straight

TABLE 1: Maximum absor ption wavelength 2., equilibrium
congtant K ., and molar bsor ption coefficient ¢_, valuesfor
CLM complexeswith|,and TCNEin CH_CI, at different tem-
peratures

Ker £cT Ker gcr

Ai"/eféor bt mol®)  (molt (Imo?) (molt
(m) 10 cm?) x10° cm?)
Bensi-Hildebrand  Scott equation
equation
I, 363
298 8.67+0.87 2985.89 8.79+0.79 2973.96 0.9989
288 9.89+0.65 307252 9.84+0.59 3095.42 0.9993
283 10.51+0.94 3244.77 10.43+1.053234.87 0.9992
278 11.10+1.12 3497.30 11.21+0.983513.92 0.9992
TCNE 420
298 2.86+1.21 6877.25 2.95+0.97 6885.94 0.9987
288 3.43+1.08 7411.44 3.39+1.31 7414.27 0.9986
283 3.91+0.77 8359.24 3.88+0.68 8278.25 0.9993
278 4.26+0.56 987298 4.25+0.71 9986.23 0.9990

linewith doperangingfrom 0.97t00.99. Inthecase of
CLM/TCNE system, therelativeintensitiesof thetwo
bandsdo not vary with temperatureintherange of 25-
5°C. Thus, thebandsare not associated with the pres-
enceof two 1:1isomeric structures?®, Moreover, us-
ing multiwavelength linear regression of concentration-
dependent absorption data®!, no evidenceisfound of
significant concentrations of 2:1(D,A) complexes.
Therefore, theband multiplicity may arised fromawide
range energetically accessible conformations of the
CLM/TCNE complex involvingtheoverlgp of thelowest
unoccupied molecular orbita (LUMO) of the acceptor
with theeither the highest occupied molecul ar orbital
(HOMO)or HOMO-1 of CLM. The 1.1 complexation
ratio mention that the drug have only onestrong basic
or eectron donating center.

A linear regression was a so obtained according to
the Benesi-Hildebrand and Scott rel ationg®*s*" for the
estimation of theformation constant (K ;) and molar
extinction coefficient (¢;) (Figure5). TheK  ande
values for the formed CTCs of the drug with |, and
TCNE indichloromethaneat 5,10,15, and 25°C were
ligedin TABLE 1. Therédationsdepend onthe experi-
mentd conditionsthat one of thetwo component spe-
ciesshould be present in large excess. Either donor or
acceptor concentration should belarger than the other.
The complexes show highvaluesof boththeK . and
.- Thehighvauesof K ingenerdly, reflectshigh
stabilities of the formed CTCs as aresult of the ex-
pected high donation of such CLM which contain a
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TABLE 2: Thermodynamic parameter sof CTCsof CLM with
I, and TCNEin CH.CI,

cTC -AH°/K J -AS°/J -AG° ;
moltx10°  mol? K™ (298K)/KJ mal™
CLM/ I, 8.53:0.29 46.78£1.02  22.46+0.57  0.99
CLM/
TCNE 13.97+0.32 19.23+0.86  19.71+0.36  0.995
924 . L e
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Figure6: Van’t Hoff plot for CTC of CLM with I, and

TCNEat 5, 10, 15,and 25°Cin CH.CI,,
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Figure7: Electronicabsor ption spectrafor CTC of CLM/
I, in humane plasma. (1) Extracted plasma spiked with
5x10*mol I 1; (2) CTC of extracted plasma spiked with
CLM/1,system; [CLM]=5x10°mol I*

high number of oxygen atom and methylenegroupsaso
the presence onenitrogen atom. Theobserved decrease
information constant valueswith risein temperature
indicates the exothermic nature of theinteraction be-
tween the studied acceptorsand CLM.
Thermodynamic parameters(AH° and AS’) of the
CTCshavebeen determined from thetemperature de-
pendenceof stability congtantsby Van’t Hoff equation™
asshowninfigure6. Theparametersthusobtained were
presented in TABLE 2 and these val ues showed that
the complexationisthermodynamically favoured. The
enthal py change of the compl exation also reveal sthat
the CTC formation between the CLM and the used
acceptorsisof exothermicin nature. The AG° va ues of

—= Fyll Poper

thecomplexeswere cd culated from Gibbsfreeenergy
of formation accordingto theequation 1:

AG°=-RT InKCT 1)

Theobtained resultsreved that the CTC formation
processisexothermic and spontaneous.

Optimization of experimental conditions

Theeffect of reaction variableswascarefully stud-
ied. Threevariableswerefound to affect theintensity
of theresulting colors, reagent concentration, solvents,
and development timeand temperature.

Effect of reagentsconcentrations

Theeffect of CT reagent concentration wasexam-
ined over arange of 1x104-1x10°mol |1. A constant
and maximal absorbance was obtained at reagent con-
centration 5x10*mol I*for I, and TCNE.

Effect of solvents.

The solvents studied were CH_CI,, CHCI,, and
CCl,, for iodometric determination method. Methanal,
isopropanol, acetone, and acetonitrile were addition-
aly tested for the second determination method of CLM
by TCNE. The studies show that dichloromethaneis
the best solvent for the highest absorption intensity.

Effect of development timeand temperature

Sampl e solutions containing CLM and the blank
weretreatedidentica ly with the reagent a temperature
ranging from 5to 25°C. Theresultsobtainedindicated
that CLM reagent complex wasformed at 5°C and the
maximum absorbancewas attained immediately after
mixing the reagents. Longer heating times decreased
color intensity whichisprobably dueto partial decom-
position of the col ored product. Theabsorbance of the
complex remained constant for two days, after which it
beganto dowly fade.

Method calibration

A long seriesof standard solutionsof CLM with
different concentrationswereexamined under theopti-
mized conditions. The methodswerefoundto belinear
intherangesof 35-135 and 15-95ug/ml* withweighed
regression described in equations 2 and 3 for iodine

and TCNE methods, respectively.
A =12246C - 0.4271, r = 0.9994 )
A =9373.3C- 0.0638, r = 0.9992 ©)
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TABLE 3: Resultsobtained by theadopted CTC methodsfor
theanalysisof CLM intabletsand plasma

Samples  Concentration Mean recovery £ RSD(%)*

pg mlt I, method TCNE method
Claritt® tablet 5.00 982+1.04 984+12
15.00 99.4+1.14 98.5+0.90
25.00 100.4+0.97 100.2+ 1.25
Spiked plasma 5.00 98.3:0.91 98.7+1.09
15.00 98.9+1.32  99.2+0.83
25.00 99.1+0.22 100.1+0.26

— — — {1} Plasma-TCNE
12) Plasma CLM
(BCTC in plasma
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0.6 4

Absorbance

0.4 1

%

0.0

300 EalL S (GL
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Figure8: UV-visspectrafor CTC of CLM/TCNE inhumane
plasma. (1) Extracted plasma spiked with 5x10*mal I
TCNE; (2) Extracted plasmaspiked with 5x10°mol I CLM;
(3) CTC of extracted plasma spiked with CLM/TCNE sys-
tem

whereA isthe peak area, Cistheconcentrationin ug
ml* andr isthecorrelation coefficient. Thelimit of de-
tection (LOD) for CLM wasfound to be 0.12ug/mi*
for iodineand 0.18ug/ml-* for TCNE method. These
level sare adequatefor the determination of thetested
druginbiologica samples®.

The placebo sampleswere examined and no peak
was recorded indicating the methods are selective in
the presence of excipientsusualy found intabletsfor-
mulation. Inaddition, themethodswereapplied to the
synthetic pharmaceutica samples. Therecoveriesob-
tained wereintherange of 98.3-101.4%indicating the
reliability of the results obtained from the proposed
methods. Themethodswere also applied to thetablets
formulation (TABLE 3) and thetypical spectrawere
depictedinfigures 2 and 3. To examinetheintra-day
precision, fiverunswere conducted in three consequent
daysfor different concentrationsof CLM intabletsfor-
mulation. The RSD did not exceed 1.30%.

Analysisof spiked human plasma
Thehigh sengitivity attained by the proposed meth-

ods allowed the determination of thestudied drugin
spiked human plasmasamplesfigures 7 and 8. Ascan
be shown, no interferenceswererecorded between the
plasmasample matrix and the drug under study. Also,
the accuracy was assessed by investigating therecov-
ery of CLM at three concentration levels (fiverepli-
cates of each concentration) (TABLE 3). Theresults
showed average percentage recoveriesranged from
98.3-100.1 with RSD <1.32 for both methods, indi-
cating good accuracy and precision.

CONCLUSIONS

New spectrophotometric methodsfor the assay of
CLM in pharmaceutica sand biologica sampleswere
adopted and successfully optimized. In these methods,
CLM reacts with iodine and/or TCNE in
dichloromethane at different temperaturesto formthe
new colored and stable CTCs. The proposed methods
enjoy theadvantagesof high sengtivity, good andyticd
sHectivity, easy and lesstime consuming comparingwith
other published methods. Therefore, the presented
methods are suitabl e to be adopted for pharmacoki-
netic studiesand routine estimation of CLM in human
plasma
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