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ABSTRACT

Stability-indicative determination of itraconazole (in the presence of its
oxidative degradation product, is investigated. The degradation product
has been isolated, via oxidative-degradation, characterized and elucidated.
Selective quantification of itraconazole, singly in bulk form, pharmaceuti-
cal formulations and/or in the presence of its oxidative degradation prod-
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uct isdemonstrated. Theindication of stability has been undertaken under
conditionslikely to be expected at hormal storage conditions. Among the
spectrophotometric methods adopted for quantification are second de-
rivative (2D), first derivative of ratio spectra (*DD), Difference spectropho-
tometry and bivariate analysis. © 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Itraconazole, (4-[4-[4-[4-[[2-(2-(2, 4-Dichloro-
phenyl)-2-1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-
4-yl] methoxy]phenyl]-1-piperazinyl]phenyl]-2, 4-
dihydro-2-(1-methyl propyl)-3H-1,2,4-triazol -3-ong!
Figurel.

Itraconazoleisatriazole antifungal agent witha
broad spectrum of activity. It actsprimary by inhibiting
the biosynthesisof ergosterol, an essentia component
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of funga cell membranes?®. Itisused inthetreatment
of avariety of fungd infections. The pharmacokinetics
of ordly administered itraconazolein humansare char-
acterized by considerableinter-individua variationin
drug absorption, extensvetissuedistribution, with the
concentrationsintissue being many times higher than
thosein plasma, and an €limination half-lifeof approxi-
mately 24 hours. Itraconazoleisknown to be exten-
sively metabolized in humans, yielding over 30 metabo-
lites, induding theantifungd activemetabolite hydroxy-
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itraconazole,

Severa methods have been reported to quantify
itraconazoleinbiologicd fluidsindudingHPLCand LC-
MS-M Stechniques. Methodswith asenstivity of 10
ng mL* having sample preparation using solid-phase
extraction®, asengitivity of 20 ng mL-* having sample
preparation using three step liquid-liquid extraction™
and asengitivity of 25 ng mL* having sample prepara-
tion using protein precipitation areavailabl€®. More
methods are also available for the determination of
itraconazolewithlower sengtivity usngLCMS-MSas
detection technique®¥. Spectrofluorimetry method has
been published for assay of itraconazolein raw mate-
rial andindosageformg™.

EXPERIMENTAL

| nstruments

»  Spectrophotometer: Shimadzu UV-1601 PC, dual-
beam UV-visible spectrophotometer (Japan), with
matched 1-cm quartz cdlls, connected to an IBM-
compatible PC and an HP-600 inkjet printer.
Bundled, UV-PC persona spectroscopy software
Version 3.7 was used to process the absorption
and the derivative spectra. The spectra bandwidth
was 2nm with wave ength-scanning speed of 2800
nmmin?,

* IR Spectrophotometer: Mattson Genesis ||
FTIRTM (USA), sampling wasundertaken aspo-
tass um bromidediscs.

« UPLCMSMSAcquity TQ-Waters (USA).

Materialsand reagents

All chemicadsand reagentswereof andyticd grade
and the solvents were of spectroscopic grade. Pure
samplewaskindly supplied by theby Adwiapharma-
ceutical industry, Egypt; it was assayed for itspurity
according to apharmacopoeial method® and found to
contain 99.85+0.886. Itranox capsules: Manufactured
by AdwiaParmaceutical industry, Batch No. 060175,
labelled to contain 100 mg itraconazol e/capsule.

Methanol (E. Merck, Darmstadt, Germany), Me-
thylene chloride (Sigma), 30% hydrogen peroxide
(Sigma), ethyl acetate, methylenechloride, concentrated
ammonia (specific gravity 0.91) were obtained from

—= Fyll Paper
Adwic. Co, Egypt.
Prepar ation of standard solutions

Itraconazol e standard solution (0.1 mgmL?t) and
drug degradation product standard solution (0.1mgmL-
1) were prepared in methylene chloride.

Procedures

Degradation of itraconazole

Thedrug (300 mg) wasweighed inaconical flask,
dissolved in 30 ml methylene chloride, 5 ml hydrogen
peroxide30% (v/v) was added and the solution was
subjected toreflux a 100 °C for ten hours. Where com-
plete degradationwasachieved, asinvestigated by thin
layer chromatography using ethyl acetate: methanol:
ammonium hydroxide(9: 1: 0.01, v/v/v) asadevel oper
solvent. The solution was concentrated to asmall vol-
umeand extracted with methylenechloride. The meth-
ylene chlorideic extract was evaporated under vacuum.
Thestructure of theisol ated degradation product was
elucidated using IR, and M S spectrometry.

Second derivative (?D) method

a. Spectral characteristicsof itraconazoleand its
degradation product

Two aiquotsequivalent to 10 pg of itraconazole
and 5 pg of'its degradation product standard stock so-
lutions (each, 0.1mg mL1) weretransferred separately
into two 10-mL volumetric flasks. Thenthe volumes
were completed with methylenechloride. Thezero or-
der (°D) and the second derivative (?D) spectraof the
prepared sol utionswere recorded.

b.Linearity

Portionsequivaent to (50-250 pg) of itraconazole
standard solution (0.1 mg mL ) were separately trans-
ferredtoaseriesof 10-mL volumetricflasks. Eachflask
was completed to the volume with methylene chloride
to reach the concentrationrange of 5-25 ngmL™. The
amplitudes of the second derivative peakswere mea-
sured at 261 nmwith AL =4 nm and ascaling factor =
10. Cdlibration graph was constructed by plotting pesk
amplitude ver sus concentration. Theregression equa
tion wasthen computed at the specified waveength and
used for determination of unknown samplescontaining
itraconazole.
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First derivativeof ratio spectra (*DD) method
Linearity

Standard serial concentrationsintherangeof 5-25
pg mL* solutionsof itraconazolewere prepared asun-
der Section 2.3.2.2. Accurately 2.5 mL of thedegra-
dation product standard solution (0.1 mg mL) was
transferred into a10-mL volumetric flask and thevol-
ume was compl eted with methylenechlorideto get a
final concentration of 25 ug mL*tobeused asadivi-
sor. Thespectraof the prepared standard solutionswere
scanned (200400 nm) and stored into the computer.
The stored spectraof itraconazoleweredivided (am-
plitude at each wavelength) by the spectrum of 25 pg
mL " of thedegradation product. Thefirst derivative of
theratio spectra (*DD) with AA=4 nm and ascaling
factor = 10 was obtained. Theamplitudesof thefirst
derivative peaksof itraconazolewere measured at 252
nm. Calibration graphswere constructed rel ating the
peak amplitudes of (:DD) to the corresponding con-
centrations. Theregress on equati onswere then com-
puted at the specified wavelength and used for deter-
mination of unknown samples containingitraconazole.
Difference spectrophotometric method
Linearity

Aliquots2.5-15 mL*of itraconazole standard so-
[ution (0.1 mg mL ) weretransferred into aseries of
50-ml volumetricflasksthen completed tovolumewith
methylene chloride; For blank, aliquots (2.5— 15 ml)
of theitraconazol e standard solution weretransferred
into aseries of conical flasks; two ml of H,O, were
added to each solution then heated by refluxingina
water bathtill completedegradation. ExcessH,O,was
removed by boiling. The solutionswereaccuratdy trans-
ferredinto aseriesof 50-ml volumetricflasks; thenthe
volumeswere compl eted to the mark with methylene
chloride. Each of itraconazol e solution in methylene
chloridewasmeasured againgt the corresponding blank.
The (AA) spectrawere obtained and the absorbance
differenceat 265 nm was measured. A linear calibra-
tion curvewas constructed rdl ating the absorbance dif-
ferenceat 265 nm to the corresponding concentrations
of itraconazol e and the corresponding regression equa:
tion was computed.

Bivariatemethod

Hnalytical CHEMISTRY o

Two seriesof standard solutionscontaining aliquots
equivaentto (5-25 ng mL?) of itraconazoleand (5-25
ug mL7) of itsdegradation product were prepared from
thestock solution (0.1mg mL 2, each) for the bivariate
caibration. Spectraof the obtained solutionswerere-
corded and stored into the computer. Theregression
equationswere computed at A=230 and 260 nm. The
concentrationsof itraconazoleand itsdegradation prod-
uct were cal culated using the parameters of thelinear
regressionfunctionsevauatedindividualy for eech com-
ponent at the same wave ength and substitutinginthe
followingequations.

Mpo(Aags —€ag1) +Ma1(€ag2 —Ang2)
MpoMpy =My Mpy

Cdegradate =

A ag1 —€aB1 —Mg1 Cyegradate
Maz

Cen =

whereA,, and A, arethe absorbances of Aand B at
A, and ., respectively, e, and e, arethesum of the
interceptsof thelinear calibration a two, wavelengths
A and A, (e, =€, +€,), m and m, arethe slopes
of linear regression and Cistheconcentrations (ug mL-
1 of itraconazole and its degradate.

Theaccuracy of the resultswas checked by apply-
ing the proposed bivariate calibration method for de-
terminaion of different blind samplesof pureitraconazole
and itsdegradate. The concentrations were obtained
fromthe corresponding regress on equtionsfromwhich
percentage recoverieswere calcul ated.

Analysisof laboratory prepared mixtures

Aliquotsof intact drug and itsdegradation product
were mixed to prepare different mixturesand proceed
asmentioned under each method. The concentration of
itraconazol e was cal cul ated from the corresponding
regress on equations.

Assay of pharmaceutical formulations

The contents of ten capsules were emptied then
grinded. A portion of the powder equivalent to 10 mg
itraconazol e was accurately weighed into a 100-mL
beeker, dissolvedin methylenechlorideandfilteredinto
a100-mL measuring flask. Thevolumewascompleted
by the same solvent to reach afina drug concentration
of 0.1 mgmL*for the proposed methodsand proceed
as mentioned under each method.
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RESULTSAND DISCUSSION

Degradation of itraconazole
Inthisstudy, itraconazol e was degraded by reflux-

/J\N/’lk _Q_\_/_@_ vq(x

HEOE
Reflux

CH HO - Jk
HC _®_\_/4©_ \——(

—— Fyll Peper

in presence of their degradation products, by solving
the problem of the overlapping absorption bands.

A smple, rapid and sel ective spectrophotometric
procedure was proposed and applied for the determi-
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Scheme1: Suggested schemefor the degradation of itraconazole

ingin30%H.0,. (Scheme 1)

ThelR spectrum of intact itraconazolereveaed car-
bonyl stretching band at 1699.64 cm't

Once compl ete degradation wasreached, ThelR
spectrum of itraconazol e degradation product showed
one stretching band characteristic of secondary amine
at 3500 cm 1, abroad band of carboxylic OH stretch-
ing vibration a 2600 cnrtand carbonyl stretching band
at 1723.81 cmtindi cating the presence of carboxylic
group. Thisconfirmed thehydrolysisat thecyclic— car-
bonyl linkage.

Inthe GC/M S-chart, the parent peak wasidenti-
fiedat m/z723 (mol. w. of degradate).

TLC monitoring of the drug degradation wasdone
onthinlayer platesof silicagel F254 using ethyl ac-
etate: methanol: ammonium hydroxide (9:1: 0.01, viv/
v) asadevel oping solvent. Thedevel oped plateswere
visualized under short UV lamp. Thedegradate (R vaue
=0.82) could be separated elegantly from the intact
drug (R value=0.35).

Second derivative (D) method

Derivative spectrophotometry isauseful tool in
quantification of mixtureof drugs. It could beevenused
asadability-indicating techniquefor theanadyssof drugs

nation of itraconazoleinthe presenceof itsdegradation
product, either asraw material or in pharmaceutical
formulations. Thiswas done by applying the second
derivative (°D) ultraviolet spectrophotometry. The
method can solve the problem of spectral bands over-
lapping between itraconazol eand itsdegradate without
sample pretreatment or extra separation steps. The
absorption spectraof itraconazole and its degradation
product (Figure 2) show overlapping, littleinterference
and error probability that makethe use of direct mea
surement of itraconazolein the presenceof itsdegradate
inaccurate, especidly at higher level of degradation.
Whenthesecond-derivative pectra(Figure 3) were
examined, it wasfound that itraconazole could be de-
termined a 261 nm, whereitsdegradate has no contri-

Figure?2: Absorption spectraof itraconazole 10 pug ml* ()
and itsdegradation product 5 ug ml! (---) using methylene
chlorideasablank
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Figure 3 : Second-derivative absorption spectra of
itraconazole 15 ug ml (__) and degradation product 5ug ml
1 (---) using methylenechloride asa solvent
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Figure4: Second-derivativeabsor ption spectraof 5-25 pgmlL-
itraconazole

bution dlowing accurate determination of itraconazole
inpresenceof itsdegradate.

A linear relationship was obtained in the range of
5-25 ugmLtitraconazole (Figure4).

Theregression equation was computed and found
tobe:
2D =-0.0022 C +0.0003 (r =0.9991), at 261 nm
where?D isthe peak amplitude of the second deriva
tivecurve at the corresponding wavel ength, C thecon-
centration of itraconazole (ugmL™) andr isthecorrda
tion coefficient..

Derivative-ratio spectrophotometric method

Thederivative-ratio spectroscopy isauseful tool in
quantification of drugs. It could be gpplied asastability-
indicating methodfor thedetermination of itraconazolein
presence of its degradate. Thefirst order of theratio
spectraof itraconazoleis presented in Figure5. It was
found that upon dividing by 25 ug mL* of the degrada-
tion product, best resultswere obtained intermsof sen-
gtivity, repegtability and Sgnd tonoiseraio.

Linear calibration graphs were obtained for
itraconazolein concentration range of 5-25ug mL* by

arstrgt (]

Figure5: First derivativeof ratio spectraof itraconazole (5
25 Yg mL-1) using the spectrum of 25 g mL™ of degrada-
tion product asadivisor
recording the peak amplitudesat 252 nmusing 25 pg
mL* of the degradate asadivisor.

Theregress on equationswere computed and found
tobe:
DD =0.0757 C +0.0266 (r =0.9995), at 252 nm

where!DD isthe pesk amplitudeof thefirst derivative
curvefor (itraconazole/itsdegradate), C the concen-
tration of itraconazole (ug mL™*) andr isthe correation
coefficient.

The precision of the proposed method was checked
by theanalysisof different concentrationsof authentic
samplesintriplicates.

Difference spectrophotometric method

The method depends on measuring thedifference
between the spectrum of the degradation product and
the spectrum of the same concentration of theintact
drug, inmethylenechloride. The absorbancedifference
of theintact drug versusitsdegradation product (Fig-
ure6). The absorbance differenceat the sd ected wave-
length isproportiona to thedrug concentration andin-
dependent on the degradation product, (Figure 7).

Linear calibration graphs were obtained for

i W‘f\\ Jf ity / s
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Figure 6 : Difference absorption (AA) spectrum of
itraconazole ver susitsdegradation product in methylene

chloride, concentr ation of each was 15Y4g mL-1.
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Figure7: Differenceabsorption (AA) spectraof itraconazole
and itsdegradation product in methylenechloride(5-30 ug
mL7)

itraconazolein concentration rangeof 5-30pg mL™* by
recording the peak amplitudesat 265 nm. Theregres-
sion equationswere computed and found to be

AA =0.0355C +0.0239 (r =0.9995), at 265 nm

whereAA istheabsorbancedifferencefor itraconazole,
C theconcentration of itraconazole (ug mL) andr is
the corre ation coefficient.

The precision of the proposed method was checked
by theanaysisof different concentrationsof authentic
samplesintriplicates.

Bivariatemethod

Thebivariate calibration method may be competi-
tive and in some cases even superior to commonly use
derivative spectrophotometric methods as applied for
theresolution of binary mixtures. Theadvantage of bi-
variate calibration method isitssmplicity and thefact
that derivatization proceduresare not necessary. Un-
like other chemometric techniques, thereisno need for
full spectruminformation and no dataprocessingisre-
quired. Cdibrationfunctionwascaculated (r >0.9990),
m- and e-values were taken for the bivariate algo-
rithm. In order to gpply thebivariate method to thereso-
[ution of binary mixtureof itraconazoleanditsdegradate,
wefirst select the signal s of thetwo components|o-
cated at six wavel engths: 230, 240, 250,260, 270 and
275 nm. Thecalibration curve equationsand their re-
spectivelinear regression coefficientsare obtained with
theaim of ensuring that thereisalinear relationship be-
tween the absorbance val ues and the concentrations.
All thecalibration curvesat the sel ected wavel engths
showed satisfactory linear regression coefficients (r >
0.9990). Thedopevauesof thelinear regressonwere
estimated for both components at the sel ected wave-

—— Fyll Peper

TABLE 1: Application of Kaiser’s method in the selection of
wavelength pair for the mixture of itraconazole and its
degradate: theabsolutevaluesof deter minantsof sensitivity
matrices(K x10)

Mh 230 240 250 260 270 275
230 0 1558 9838 140.07 100.04 69.13
240 0 76.83 11540 8259 56.58
250 0 38.11 28.28 16.27
260 0 1.53 -3.60
270 0 -3.33
275 0

lengths and used for determination of the sensitivity
matrices K, proposed by Kaiser’s method™2.

The determinants of these matriceswere cal cu-
lated asshownin TABLE 1.

The wavelength set was selected for which the
highest matrix determinant value was obtained. For
the bivariate determination of itraconazole and its
degradate the wavel engths 230 and 260 nm were
used. At these sel ected wavel engths, the one-com-
ponent calibration curves were obtained intherange
of 5-25ug mL™ for both components. Thelinear re-
gression calibration formulae used for the bivariate

TABLE 2: Linear regression calibration formulaeused for
thebivariatealgorithmfor itraconazole

Calibration Equation

Component
4=230 nm =260 nm
Itraconazole A =0.033x-0.014 A=0.045x+0.003
(r=0.9991) (r =0.9991)
Degradate A =0.040x +0.036 A =0.012x-0.012
(r =0.9995) (r =0.9991)

algorithm are presentedin TABLE 2.

The advantage of thismethod over the other spec-
trophotometric methodsistheability for s multaneous
determination of theintact drug and its degradatein
mixtures.

Sability-indication

To assessthe stability-indicating efficiency of the
proposed methods, the degradation product of
itraconazolewas mixed with its puresampleat differ-
ent ratios and the mixtures were analyzed by the pro-
posed methods. TABLE 3illustratesgood selectivity
inthe determination of itraconazolein the presence of
up to 80% of itsdegradatein thefirst-derivative, de-
rivative-ratio and bivariate spectrophotometric meth-

—— a%a['yttaa[’ CHEMISTRY
A ndian W



54 Selective determination of itraconazole in the presence of its oxidative degradation product ACAIJ, 12(2) 2013

Full Peper ——

TABLE 3: Determination of itraconazolein labor atory prepared mixturesby the proposed spectrophotometric methods

Methods “Dat261nm ‘DD at 252 nm Differ ence spectrophotometry at 265 nm Bivariate method
Mean+S.D. 99.99+1.101  100.13+0.0.952 100.78+0.0.661 100.29+0.760

ods, but up to 83% by difference spectrophotometry  4), and the precision was also expressed in terms of
method. relative standard deviation of theinter-day and intra-

Application of theproposed methodstothephar- 42y anaysisresults(TABLE 5).
maceutical formulations Satistical analysis

Thesuggested methodswere successfully applied Results of the suggested methodsfor determina-
for the determination of itraconazoleinitranox cap-  tion of itraconazolewere statistically compared with
sules showing good percentage recoveries. Theva-  thoseobtained by applying pharmacopoeia non aque-
lidity of the suggested methodswasfurther assessed ~ Oustitration method™. The calculated t- and F-val -
by applying thestandard addition technique (TABLE ~ ues™® werefound to belessthan the corresponding

TABLE 4: Quantitativedeter mination of itraconazolein itranox capsulesby theproposed spectrophotometric method

Itranox capsules Dat261nm 'DDat252nm Difference Spectrophotometry at 265 nm  Bivariate method
Batch No. 0401109 Mean+S.D.  100.36+0.996  100.04+1.149 99.67+1.421 99.79+0.425

TABLE5: Assay validation parameter sof the proposed spectr ophotometric methodsfor thedeter mination of pure samples
of itraconazole

Parameter °D at =261 DD; method at 252 Differ ence Spectr ophotometry at Bivariate
nm nm 265 nm method

Accuracy (mean + S.D.) 100.34+1.372 99.81+1.241 100.06+0.984 99.99+1.542
Specificity 100.36+0.996 100.04+1.149 99.67+1.421 99.79+0.425
Precision
Repeatability* 99.78+0.981 100.48+0.781 99.21+0.971 99.61+0.981
Intermediate precision** 98.85+0.756 100.81+1.016 99.64+0.736 99.88+0..954
Linear range (ng/ml) 5-25 5-25 5-30 5-25
Slope -0.0022 0.0757 0.0355 0.0449
Standard error of the Slope 3.27x10° 0.000824 0.0003%4 0.000663
Intercept 0.0003 0.0266 0.0239 0.0026
ﬁ]‘f‘;rg:rp ‘t" error of the 0.000521 0.013103 0.007664 0.010543
Correlation coefficient (r) 0.9991 0.9995 0.9995 0.9991

*theintraday and **theinter-day mean values+ standard deviations of samples of concentration of 10, 15, 20 pg/ml of itraconazole

TABLE 6: Satistical analysisof theresultsobtained by the proposed spectrophotometric methodsand the compendial
method for thedeter mination of itraconazolein purepowder form

2 1 Difference Bivariate Phar macopoeial

Item D method  "DD method Spectr ophotometry method method*©®
Mean 100.34 990.81 100.06 99.99 99.85
S.D. 1.372 1.241 0.984 0.760 0.886
Variance 1.882 154 0.968 0.578 0.785
n 5 6 5 4 5
Student’s t 0.729 0.063 0.344 o
test 2306 (2.306)** (2.306)* 0.719 (2.365)
Fvalue 2.397 1.962 1.230 (6.390)** 1.358 (9.120)**

(6.390)** (6.260)**
*non aqueous titration method
**the values in parenthesis are the corresponding tabulated t and f values at p=0.05
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theoretical ones, confirming good accuracy and ex-
cellent precison (TABLE 6).

CONCLUSION

Unlike the mostly recommended HPL C-proce-
dures, the proposed spectrophotometric methods are
smpleand not expensive. Thereagentsused inthepro-
posed methods are cheap and readily available. The
procedures applied in each method do not involve any
critica reactionsor tedious sample preparations. This
aspect of spectrophotometric analysisisof mgor inter-
estinanaytica pharmacy sinceit offersdistinct possi-
bility of assayingitraconazolein itranox capsuleswith-
out interference dueto the excipient or the degradation
product.

The suggested methodsarefound to besmple, ac-
curate, selectiveand equally sensitivewith no signifi-
cant differenceof the precision compared withtheref-
erence method.
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