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ABSTRACT

A simple stability indicating HPL C method was developed and validated
for determination of moxifloxacin hydrochloride in the presence of itsin-
duced degradation products. The drug was subjected to stress stability
studies including acidic, alkaline and oxidative stress conditions, and the
stressed samples were analyzed by the proposed method. The devel oped
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method utilized Symmetry C , column (250 x 4.6 mm, 5 um) in an isocratic
separation mode. The mobile phase consisted of methanol: 0.2 % triethy-
lamine (pH 2.5 with orthophosphoric acid), (35: 65, v/v) at aflow rate 1.5
mL/min with UV-detection at 290 nm. The proposed method was validated
according to the International Conference on Harmonization (ICH) guide-
lines. The method was applied for determination of moxifloxacin hydro-
chloride in pure powder and in its pharmaceutical formulations.
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INTRODUCTION

Moxifloxacin hydrochloride (MOX), is (1-
cyclopropyl-6-fluoro-8-methoxy-7-[ (4aS,7aS)-
octahydro-6H-pyrrol o] 3,4-b] pyridin-6-yl]-4-oxo-1,4
dihydroquinaline-3-carboxylicacid hydrochloride), Fig-
ure 1. Itisafluoroquinoloneantibacteria agent!™.

O O HC
Figurel: Sructural formulaof moxifloxacin HCI.

Inliteraturesurvey, someandytica methodsinclud-
ing RP-HPLC>4 and UV-spectroscopic®” and
HPTLC® methods have been reported for the estima-
tion of MOX in bulk, pharmaceutica formulation and
inbiologica samples.

In modern anaytica laboratory thereisalwaysa
need for ssmple and rapid method of analysis. The
present work aimed to develop afast, senditive, selec-
tiveand stability-indicating method for determination of
MOX. The proposed method is able to selectively,
determineM OX fromitsimpurities, degradation prod-
uctsand placebo components. The developed method
wasvadidated with respect to specificity, linearity, limit
of detection and quantification, precision, accuracy and
robustness. Force degradation studieswere performed
on the placebo and drug product.
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EXPERIMENTAL

| nstruments

Agilent LC system (Boblingen, Germany) consisted
of a quaternary pumping system (Agilent model
G1311A), aUV variablewave ength detector (model
G1315D, Agilent), and an auto sampler (model
G13329A) equipped with a degasser (G1322A,
Agilent).

Stationary phase consisted of aSymmetry C ; ana-
Iytical column (250 x 4.6 mm, 5 um) (Waters, USA).

A pH-meter (Mettler Toledo, Switzerland).

Materialsand reagents
(a) Materials

- Moxifloxacin hydrochloride (MOX) pure powder
waskindly supplied by Bayer Schering PhamaAG,
(Leverkusen, Germany). Itspurity wasfoundto be
100.45+0.840 (n=6) according to the BP HPLC
method™.

(b) Reagents

- Orthophosphoricacid: Adwic, El-Nasr Pharm. Co.
(Cairo, Egypt). Methanol: HiPerSolv.®, HPLC-
grade, E. Merck (Darmstadt, Germany). Triethyl
amineL R: Laboratory Rasayan s.d. Fine-Chem
Ltd. De-ionized water: Bidistilled fromAquatron
Automatic Water Still A4000, Bibby Stexillin Ltd.
(Staffordshire, UK).

(c) Phar maceutical formulations

- Avaox®film coated tablets, BN: BXGODH1 (Bayer
Schering PharmaAG Leverkusen, Germany). Each
film coated tabl et claimed to contain 436.8 mg of
moxifloxacin hydrochl oride equivaent to 400 mg
of freemoxifloxacin.

- Vigamox® ophthalmic solution 0.5% as base,
Lot.N.:203945F (Alcon, Laboratories, Inc., USA).
EachmL damedto contain 5.45mgof moxifloxacin
hydrochloride equivalent to 5 mg of free
moxifloxadin.

(d) Sandard solutions

All caculationsweredoneregarding moxifloxacin
free base.

(A) Stock standar d solution of M OX
Stock standard solution of MOX (1mg/mL) was

Hnalytical CHEMISTRY o

prepared by transferring 109.1 mg of moxifloxacin hy-
drochloride powder (equivalent to 100 mg of MOX
free base) into a100-mL volumetric flask containing
50 mL distilled water. Shaking wasdonetill complete
dissol ution then the volumewas compl eted to themark
with water. Working sol utionswere prepared by serid
dilutions

Procedure

(a) Degradation of MOX

(A) Preparation of MOX alkalinedegradates

A degraded sample of MOX was prepared by add-
ing 25 mL of 2 molar NaOH to 54.7 mg of MOX hy-
drochloride (equivaent to 50 mg freeMOX) and re-
fluxing for 1 hr. Theresulting solution wastested for
completedegradation by thinlayer chromatography using
butanol: methanol: NH, (6:1.2, by volume) asamobile
phase and detecting the spotsat 254 nm. Thedegraded
solution was neutrdized, transferred quantitetively into
a50-mL volumetric flask and brought to volumewith
water to prepare a stock solution of MOX akaline
degradesof 1 mg/mL.

(B) Preparation of MOX acidic degradates

Thesameprocedure used for preparation of alka-
linedegradateswas applied but avolumeof 25mL of 2
molar HCl wasused instead of akali. Reflux wasdone
for 3 hoursto achieve complete degradation of MOX
astested by the previoudly described thin layer chro-
matographic method.

(C) Preparation of MOX oxidativedegradates

A degraded sample of MOX was prepared by add-
ing5mL of 30% H,0, toa50 mL agueoussol ution of
MOX (1mg/mL) and thenit wasrefluxed for 3 hoursto
achieve complete degradation. Theresulting solution
wastested for complete degradation by thethin layer
chromatographic method described before.

(b) HPL C method
(A) Linearity

Aliquots (0.1-10mL) from MOX standard solu-
tion (1 mg/mL) were accurately transferred into ase-
riesof 100-mL volumetricflasks, thevolumewasthen
completed with the mobile phaseto obtain aconcen-
trationrangeof 1-100 pg/mL.

Sampleswere then chromatographed using Sym-
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metry C ,column (250x 4.6 mm, 5 um) as a stationary
phase. Themobile phasewasformed of methanal: 0.2%
triethylamine (pH 2.5with O-phosphoric acid) (35:65,
vIv). Theflow ratewas 1.5 mL/min, isocratically with
UV detectionat 290 nm. Theinjectionvolumewas 10
uL and column temperature was 35°C. The samples
werefiltered through a0.45-pum membrane filter. Analysis
was usually performed after passing ~50-60mL of the
mobile phase, just for conditioning and pre-washing of
the stationary phase. Peak arearatiowasplotted against
concentration (using theareaof 40 pg/mL MOX solu-
tion asadevisor) to obtain calibration graph thenthe
regressi on equation was computed.

Theregression equation was used for estimating
the concentration of MOX in puresamples, |aboratory
prepared mixtureswith different degradates, unknown
samplesandinitspharmaceutical formulations.

Analysisof laboratory-prepar ed mixtures

Portions of MOX stock solution (Img/mL) were
transferred accuratdy into aseriesof 50 mL volumetric
flasks. Aliquotsfromitscorresponding acidic, dkaine
or oxidative degradates solutions (each Img/mL) were
added, separately, to prepare mixtures containing 10-
90% of each degradation products. The prepared so-
|utionswere chromatographed by thedescribed HPLC
method and the concentration of M OX was computed
from theregression equation.

Determination of MOX initsphar maceutical for-
mulations

(a) Avalox®tablets

At least 10 tabletswere weight to determinethe
averageweight of onetablet. A weight equivalent to
onetablet wastransferred into a100- mL volumetric
flask containing 50 mL methanol, sonicated for 15 min-
utesthen diluted to volumewith methanol . A volume of
1 mL of thissolutionwastransferred into another 100-
mL volumetric flask, thenit wasdiluted with mobile
phaseto volumeto obtain MOX solution having acon-
centration of 40 pg/mL, and it was passed through a
membranefilter with a0.45 um porosity. Thesolution
wasinjected to the LC system and the assay of MOX
was done using theregression equation.

(b) Vigamox® ophthalmic solution
No sampletreatment was doneother thantakinga
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volumeof 2 mL (equivalent to 10 mg MOX) into 10-
mL volumetricflask containing 5 mL methanol, soni-
cated for 2 minutesthen diluted to volumewith metha
nol. A volumeof 4 mL of thissolutionwastransferred
into another 100-mL volumetricflask, thenit wasdi-
|uted with mobile phaseto volumeto obtain MOX so-
lution having aconcentration of 40 ug/mL, and it was
passed through amembranefilter with a0.45 pm po-
rosity. The solutionwasinjected to theLC system and
the assay of MOX wasdone using theregression equa-
tion.

Method validation

The devel oped method wasfully validated accord-
ing to ICH guidelines. Comparison of theresults ob-
tained by the proposed method and the official BP one
wasdonein additionto statistical analysisof data.

RESULTSAND DISCUSSION

In thiswork, MOX degradation was performed
using different sressconditions, namdy; dkaine, acidic
and oxidativeones. It wasfound that refluxingwith 2M
NaOH for onehour was sufficient for completedegra-
dation of MOX asindicated by athin layer chromato-
graphic method using butanol: methanol: NH,, (6:1:2,
by volume) asamobile phase and detecting the spots
at 254 nm. The degraded solution was then neutral -
ized, transferred quantitatively into a50-mL volumetric
flask and brought to volume with water to prepare a
stock solution of MOX akalinedegradesof 1 mg/mL.
Complete acidic degradation for MOX was achieved
by refluxing with25 mL of 2M HCI for 3 hoursthen
neutraization wasdoneby NaOH, while complete oxi-
dation for MOX wasachieved by refluxingwith 5 mL
of 30% H_,O, for 3 hours.

ThelInternational Conference on Harmonization
(ICH) guiddinesrequirethestresstestingto becarried
out to elucidatetheinherent stability characteristics of
the active substance®. An ideal stability indicating
methodistheonethat quantifiesthestandard drug done
and also resolvesits degradation products.

M ethod devel opment

A simpleisocratic high-performanceliquid chro-
matographic method was devel oped for the determi-
nation of MOX initspureform, inthe presenceof its
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different degradatesand initspharmaceutical formula-
tions. Different types of stationary phase C,and C
columnswith different dimensionsand particlesizes
weretested to find the best stationary-mobile phase
match. It wasfound that Symmetry C , (250x 4.6 mm,
Sum) column gave the most suitable resolution for the
separation of thedrug from itsdegradation products.
The mobile phasewas chosen after severd trias. The
most suitableonewas consisted of methanol: 0.2%tri-
ethylamine (pH 2.5 with O-phosphoric acid) (35:65, v/
V). Theflow ratewas 1.5 mL/minand UV detection at
290 nm. Theinjection volumewas 10 uL. and column
temperaturewas 35°C. Thesampleswerefiltered dso
through a0.45-pm membrane filter. Analysis was per-
formed after passing ~ 50-60mL of the mobile phase,
just for conditioning and pre-washing of the stationary
phase. Peak arearatio was plotted against concentra-
tion (using theareaof 40 png/mL MOX solution as a
devisor) toobtain calibration graphthentheregresson
equation was computed. System suitability parameters
weretested by cal cul ating the capacity factor, tailing
factor, the sengitivity factor, and resol ution.

By using thedescribed chromatographic conditions,
MOX waswell separated fromitsdegradantswith av-
erageretentiontimeof 6.4min., Figures2 (a, b, c& d).

Peak purity was confirmed for theintact MOX pesk
using the photodiode array detector.

Method validation

Under the spedified optimum chromatographic con-
ditions, acalibration graph was constructed by plotting
therelative peak areaversusthe corresponding con-
centration of MOX inpg/mL. Linearity rangewasfound
tobe 1-100 pg/mL for MOX using thefollowing re-
gressionequation:

A =0.0248 C +0.0056, r = 0.9999.

Where, A =therelative pesk-areardtio (usngthe40ug/
mL of MOX asadivisor),

C =theconcentration of MOX (ug/mL)

and r =thecorrelation coefficient.

The mean percentage recoveriesof pure samples
were found to be 100.22 + 0.635 (n=6). Validation
resultsarerepresented in TABLE 1. Statistical com-
parison showed no significant difference between the
devel oped method and the official oné¥ asshownin
TABLE 2whichreveded that the calculated t-test and

F-value arelessthan thetabul ated ones.

TABLE 1: Assay parametersand validation sheet for the
developed HPL C method.

Parameters The developed HPL C method
Range (pg/mL) 1-100
Regression eguation
Slope 0.0248
Intercept + 0.0056
Correlation coefficient 0.9998
Accuracy
Mean + SD 100.22 + 0.635
Precision
Intra-day (Mean + SD) 100.05+ 0.431
Inter-day (Mean + SD) 99.97 £ 0.720

TABLE 2: Satistical comparison for theresultsobtained
for MOX by thepr oposed method with theHPL C official oneg™.

Par ameter The proposed Official
HPL C method method!!

Mean 100.22 100.45
SD 0.635 0.840
Variance 0.403 0.706
n 6 6
F-test 1.75 (5.05)*
Student'st- test 0.535 (2.228)*

* The values in the parentheses are the corresponding
theoretical t- and F-values at P = 0.05.

Therobustness of the HPLC method was exam-
ined by theanalysis of samplesunder avariety of ex-
perimental conditionssuch assmall changesinthepH
(£ 0.2 units), small changes in proportions of mobile
phase, by upto=+2 %. The effect on retention time and
peak parameters was studied. It was found that the
method wasrobust when the column and the mobile
phaseratio werevaried. During theseinvestigations,
theretention timeswere modified, however theareas
and peaks symmetry were conserved.

Sability indication

To assessthe stability-indicating efficiency of the
proposed method, MOX was mixed withitsakaline,
acidic or oxidative degradants, separately, in different
ratios and analyzed by the proposed method. TABLE
3illustratesgood selectivity inthedetermination of MOX
inthe presenceof up to 90% (w/w) of its correspond-
ing degradants. The suggested method was success-
fully applied for the determination of MOX initsphar-
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Figure2: HPL C chromatogram for thedeveloped method under the specified conditionsshowing. (a) MOX (40 pg/mL) (R;:

6.39min.); (b) Laboratory prepared mixtureof MOX and itsalkalinedegradates; (c) Laboratory prepar ed mixtureof MOX
and itsacidic degradates; (d) Laboratory prepared mixtureof M OX and itsoxidativedegradates.
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maceutical formulations, with good percentage recov-
eries, TABLE 4.

TABLE 3: Determination of M OX in laboratory prepared
mixtureswith itsdegradantshby the proposed method.

Labor atory prepared mixture* The proposed HPL C method

MOX withitsalkaline degradates (Mean + SD) 100.19 + 0.825
MOX withitsacidic degradates(Mean + SD) 99.92 +0.538
MOX with its oxidative degradates (Mean + SD) 100.58 +0.744

* |n the presence of up to 90 % (w/w) degradants content

TABLE 4 : Determination of M OX in its pharmaceutical
formulationshby the proposed method.

Prepar ation Theproposed HPL C method

Avalox® film coated tablets

BN: BXGODH1

(Mean + SD) 101.09+0.915
Vigamox® ophthalmic solution 0.5% as base

Lot.N.: 203945F

(Mean + SD) 99.78 + 0.833

CONCLUSION

The suggested method isfound to besimple, accu-
rate, selective, and equally sensitivewith no significant
difference of the precision compared with the official
HPLC method of analysis¥. Application of the pro-
posed method to theanalysisof MOX initspharma-
ceutical formulations showsthat neither the excipient
nor the degradation product interfereswith the deter-
mination. Theruntimeisreatively short, which enable
rapid determination of many samplesin routineand
quality control andyss.
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