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ABSTRACT

A simple, precise, sensitive, and validated reverse phase high performance
liquid chromatographic method has been developed and validated for si-
multaneous estimati on Gemifloxacin mesylate (GFM) and Ambroxol hydro-
chloride (AMB) in tablets. Chromatographic seperation was performed on
agilent ODSC (250 x 4.6 mm i.d., 5pm) column with a mobile phase com-
prising mixture of 25 mM potassium dihydrogen orthophosphate buffer
(pH 3.5, adjusted with orthophosphoric acid) : acetonitrile (75:25 v/v) at a
flow rate 1 ml/min, with UV-detection at 246 nm. Separation was completed
in less than 10 min and retention time for GFM and AMB by proposed
method was found to be 7.38 and 8.73 min, respectively. The validated
calibration range for GFM and AMB was 64-320 pg/ml and 24-120 pg/ml,
respectively. The LODswere2.920 and 0.767 pg/ml and the LOQswere 8.85
and 2.32 pg/mlfor GFM and AMB, respectively. The suitability of thisHPLC
method for quantitative determination of the compounds was proved by
validation in accordance with the |CH guidelines. Statistical analysisproved
that the method was accurate, precise, and reproducible. To establish sta-
bility indicating nature of the LC method, forced degradation of drug sub-
stances was performed under different stress conditions viz. acid and base
hydrolysis, dry heat degradation and oxidation. Since the method isableto
selectively quantitate these drugs in presence of their degradation prod-
ucts it can be used as a stability indicating method.
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INTRODUCTION

Gemifloxacin mesylate, chemicaly is 7-[ (42)-3-
(aminomethyl) - 4-methoxyimino-pyrrolidin-1-yl]-1-
cyclopropyl-6-fluoro-4-oxo-1, 8-naphthyridine-3-car-
boxylic acid methane sulphonate™. Itisan oral broad-
spectrum quinoloneantibacteria agent usedinthetrest-

ment of acute bacterial exacerbation of chronic bron-
chitisand mild-to-moderate pneumonia>3. Ambroxol
hydrochloride, chemically is trans-4-[(2-amino-
3,5dibromobenzyl) amino] cyclohexanol hydrochlo-
ride. Itisamucolytic expectorant and used to reduce
viscosity of mucous sercretiong®. Literaturesurvey re-
vealed UV-Spectrophotometric, RP-HPLC and
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HPTLC methodsreported for estimation of GFM[19
and AMB™-1 individually or in combination with other
drugsinbiologicd samplesor inpharmaceuticd formu-
lations. However, thereisno anaytical method reported
for thesmultaneous determination of thesedrugsina
pharmaceutical formulation. Objectiveof the present
work wasto establish inherent stability of GFM and
AMB through stress studies under variety of ICH rec-
ommended test conditions*® and to develop astability
indicating assay!*”. Thispaper describesasimple, rapid
and precise RP-HPL C method for simultaneous esti-
mation of GFM and AMB in tablets. The proposed
method was validated as per ICH guidelineg®19,

EXPERIMENTAL

Reagentsand chemicals

Standard gift samples of analytically pure
Gemifloxacin mesylate and Ambroxol hydrochloride
were provided by Hetero Drugs L td, Baddi, H.P, In-
dia and Inventia Healthcare Pvt. Ltd, Ambarnath,
Thane, M S, India, respectively. Combined dosetab-
let formulation containing Gemifloxacin mesylate (320
mg) and Ambroxol hydrochloride (75 mg), manufac-
tured by Hetero Drugs L td, was purchased from local
market. M ethanol and acetonitrile HPLC gradewere
obtained from Thermo Fischer Scientific IndiaLtd.,
Mumbai. Potassium dihydrogen phosphate and ortho-
phosphoric acid of analytical reagent gradewas used.
Doubledistilled water was used for preparation of
buffer solution.

Chromatogr aphic system and conditions

A binary gradient HPLC (Agilent 1120 Compact
L C) system with doubl e reci procating pump, manual
injector, RP C,; column (Agilent TC-C , 250 x 4.6
mmii.d., packed with 5um particle size) and variable
wavelength detector was used. Thegradient pumpin-
cludesan integrated dual -channel degasser with con-
tinuousvacuum using TeflonAF technology. TheHPLC
system was equi pped with EZChrom Elite Compact
software. For chromatographi c separation, amixture
of 25mM phosphate buffer (pH 3.5 adjusted with or-
thophosphoric acid) and acetonitrileintheratio of 75:25
v/v was used as mobile phase; it wasfiltered through
0.45 um membrane filter before use and pumped from
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therespective solvent reservoirsto thecolumnat aflow
rateof 1 ml/min. Theruntimewasset at 10 minand
columnwasmaintained a 27°C withuseof column oven.
Thevolumeof injection was 20ul. Prior to the injection
of drug solution, thecolumnwasequilibrated with the
mobile phase flowing through the system. The eluent
was monitored at 246 nm and dataacquired was stored
and anayzed with the software.

Preparation of standard solution

Accurately wei ghed quantity of GFM (80 mg) and
AMB (18.8 mg) wasdissolved and diluted with mobile
phaseto obtain fina concentration of 160 pg/ml and
37.6 ng/ml of GFM and AMB, respectively.

Assay samplepreparation

Twenty tabletswereweighed and average weight
wascd culated. Thetabletswerethen crushed to obtain
fine powder. Tablet powder equival ent to about 80.0
mg GFM and 18.8 mg of AMB wastransferred to 50.0
ml volumetric flask, added 30 ml of mobilephaseand
ultrasonicated for 15 min, volumewasthen madeupto
themark with mobilephase. Theresulting solutionwas
mixed and filtered through Whatmann filter paper No
42 andfiltratewas appropriately dilutedto obtain fina
concentration of about 160 pug/ml of GFM and 37.6 ng/
ml of AMB. Thediluted sol utionswerefiltered through
0.20 um membrane filter to get clear solutions.

METHOD VALIDATION

The proposed HPL C method wasvalidated in ac-
cordancewith ICH guidelineswith respect to linear-
ity, accuracy, precision, limit of detection (LOD), limit
of quantification (LOQ), specificity and robustness of
method.

Linearity

Thestandard stock solution of boththedrugswere
individualy dilutedin order to preparefive standard
solutions, in the concentration range 64-320 ug/ml and
24-120 pg/ml for GFM and AMB, respectively. A 20-
ul volume was then injected and chromatographed un-
der above mentioned chromatographic system. A lin-
ear regression of the GFM/AMB peak areava uesver-
sustheconcentration in pug/ml was performed. Linear-
ity was checked with corrdlation coefficient r2 and with
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homoscedasticity of cdibration curve.

Accuracy

Theaccuracy of an anaytica procedure expresses
the closeness of agreement between thevalue, which
isaccepted elther asaconventiona truevaueor an
accepted reference value and the value found. The
accuracy of the assay method was evaluated by stan-
dard addition method at three concentration levels (80
%, 100 % and 120 % of final assay concentration). A
known amount of drug substance was added to a
preanalysed tabl et powder and the sample solutions
were prepared in mobile phase. The solutionswere
filtered through 0.2 um membrane filter and analysed
by proposed chromatographic method. The sample
solutionsat each concentration level wereanalyzedin
triplicate, and the percent recovery and respective
standard deviationswere calcul ated.

Precision, limit of detection and limit of quanti-
fication

Intra-day precision (repesatblility) was determined
by replicateanaysis(n= 3) of theassay preparationon
the sameday; intermidiate precision was checked by
replicateanays sof the solutionson three consecutive
days. Assay precision was expressed asrel ative stan-
dard deviation. The LOD was determined from the
cdibration curve, usingthefollowing equation:

Lop=332
a
where Soisthey-intercept standard deviationand ais
thelinedope.
Thelimit of quantification (LOQ) was cal culated
using
LOQ = 102
a

Thetest solutions at LOD and LOQ concentra-
tionswereinjected Six timesin the chromatograph, and
the% RSD of the peak areaof replicateinjectionswas
caculated.

Specificity

The specificity of the method was assessed by
comparing the chromatograms obtained from drug
standards and from placebo solution prepared from
theexcipientsmaost commonly used in pharmaceutica
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formulations, including microcrystallinecellulose, lac-
tosemonohydrate, starch, aerosil, carboxymethylcel-
lulose, titanium dioxide, magnesium stearate and so-
dium starch glycolate.

Robustness

To demonstratethe robustness of the method, de-
liberate small changes were made in the optimized
method parameters, such as. pH of phosphate buffer,
flow rate and composition of mobile phase. ThepH of
phosphate buffer was changed by + 0.2 pH units, flow
ratewas changed by + 0.1 ml and the composition of
mobile phase wasveried by + 2 v/v, of the used opti-
mized conditions. The assay preparation was
chromatographed under varied conditionsand the effect
on theretention timeand peak assymetry was studied.

For ced degradation studies

ThelCH Q1A (R2) guiddinel8requiresstresstest-
ing to becarried out, in order to elucidatetheinherent
stabilitycharacteristics of theactive substance. Evalua-
tion of susceptibility to oxidation, hydrolytic (acid and
base), dry heat and photolytic stability arerequired. An
idedl stability-indicating methodisonethat quantifies
the standard drug a one, and a so resolvesitsdegrada-
tion products. Intentiona degradation wastried by plac-
ing thesampledrug powder in 3 separate 50.0 ml volu-
metric flask along with 3.0 ml of regent (0.1 N HCI,
0.1 N NaOH, and 3% hydrogen peroxide solution) for
acidic, dkaineand oxidative degradation study, respec-
tively. Theflaskswere kept in hot air oven at 60°C for
24 h. For dry heat degradation, tablet powder sample
wastransferred to 50.0 ml volumetricflask and kept in
ovenat 60°C for 24 h. For photolytic degradation, tabl et
powder samplein 50.0 ml volumetric flask was ex-
posed to sun light for two days. Sampleswere with-
drawn after specified timeinterva, cooled and andyzed
by proposed HPL C method after suitabledilution.

RESULTSAND DISCUSSION

Optimization of chromatographic conditions

Asmost of thecompoundsof interest are predomi-
nantly polar and of low molecular mass, areversephase
HPLC columnAgilent TC C , (250 mm X 4.6 mmi.d)
was sel ected for andysis. Several mobilephaseswith
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different solventsin varying proportionsweretriedin
order to resolve the two drug peaks with acceptable
peak asymmetry, number of theoretical platesand reso-
[ution. Mobilephase containing acetonitrileand 25 mv
phosphate buffer wasfound to resol ve both drugs, but
sharp tailing was observed in GFM peak. Thereten-
tion behavior and peak shape of both the drugswas
then studied with respect to pH of buffer solution. Fi-
nally, a mobile phase containing 25mM potassium
dihydrogen phosphate buffer (pH 3.5, adjusted with
orthophosphoric acid) and acetonitrilein theratio of
75:25 (v/v) withaflow rate of 1.0 ml/minwasselected
for analysisasit gave good peak shapefor both GFM
andAMB with aretentiontimeof 7.37 and 8.73 min-
utes, respectively. System suitability testswere carried
out to determineresol ution, column efficiency, peak
asymmetry andtailing factor. Resultsof system suitabil-
ity parametersaresummarized in TABLE 1.

—— Fyll Peper
TABLE 1: System suitability parametersfor GFM andAMB

System suitability parameter GFM AMB
Retention time (min)
(men=S.D.,n=5) 7.38 8.73
Tailing factor (peak assymetry) 131 1.15
USP Plate count 13130 15256
Resolution 4.96
Linearity

Calibration graphswere constructed in theranges
of 64-320 pug/ml for gemifloxacin hydrochloride and
24-120 pg/ml for for ambroxol hydrochloride. Peak
areaswerefound to have good linear relationshipwith
the concentration. For both GFM and AMB calibra-
tion curvesther? wasfound 0.999. Thecorrel aion co-
efficients, y-interceptsand d opesof theregressionlines
of thetwo compoundswere cal cul ated and presented
iINTABLE 2.

TABLE 2: Calibration dataof GFM and AM B

2

Analyte Concentration (ug/ml) Peak area® % RDS Type Slope I nter cept r

64 1950.8820 0.13 linear 0.999
128 4675.0701 0.04

GFM 192 6872.1275 0.96
256 9235.8113 0.31
320 11600.5837 0.22
24 978.2456 1.02 linear 0.999
48 2239.0541 0.69

AMB 72 3272.1821 0.75
96 4403.1462 0.27
120 5470.4438 0.08

@M ean of 3 runs, the area values were divided by 10000

Given considerableextent of the calibrationrange,
the homoscedadticity of theandytical method waseva u-
ated with Cochran’s test. In order to achieve
homoscedasticity, the Cochran C of 4 standardswith 3
replicatesof each standard should belessthanthe criti-
cal valuesof 0.768?%, Sincethelargest and smallest
valuesof variance usually appear at the extremities of
thecalibration curvein the heteroscedastic case, the
two lowest concentrations and the two highest concen-
tration standardswereincluded inthetests. Theresults
areshowninTABLE 3.

The two calibration curves pass the
homoscedasticity test s ncethe Cochran’C valueswere
lessthanthecritical vaue.

TABLE 3: Cochran’s test results
Sum of

Concentration

uare b
(ng/ml) SD. i? S.D. ngalgeaOf C
Cadlibration data of GFM
64 2.56 6.55 1459.36  0.564
128 1.64 2.69
256 28.69 823.12
320 25.04 627
Cadlibration data of AMB
24 9.94 98.8 492.18 0478
48 15.35 235.62
96 11.83 139.95
120 4.22 17.81

agtandard deviation of 3 replicates, C°: Cochran’s C
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Accuracy and precision

The percentagerecovery for GFM andAMB ranged
from 99.14 %10 100.49 % and 99.16 % to 101.32 %,
respectively. Thereby suggesting that therewasno in-
terferencefrom the excipientscommonly present inthe
tablets. Thelow % RSD valuesindicated thesuitability

of thismethod for routineanaysis. Theresultsof recov-
ery studiesaresummarized inTABLE 4.

The devoloped method wasfound to beprecise as
the percent rel ativestandard deviationsfor repegtability
andintermediate precision werefound to belessthan 2
asrecommended by ICH guidelines(TABLE 4).

TABLE 4: Accuracy and precision results

Accur acy Precision
repeatability Intermgdiate
Analyte Level of  Amount ofa Amount of dgug % recovery? S.D. Precision
recovery drugadded recovered % Label % % Label %
claim® RSD clam®* RSD
80 % 48.13 47.89 99.50 +0.57
GFM 100 % 80.23 80.20 99.96 +0.46 100.20 0.272 99.76 0.261
120 % 112.17 111.93 99.79 +0.54
80 % 11.30 1131 100.09 +1.07
AMB 100 % 18.87 18.75 99.36 +£0.69 99.75 0.363 100.06 0.340
120 % 26.30 26.16 99.47 +0.35

3Mean of 3 replicates, "Sandard deviation of 3 replicates
Limit of detection and limit of quantification

TheLOD of GFM and AMB were2.92 ug/ml and
0.77 ng/ml, respectively. The LOQ of GFM and AMB
were8.85 ng/ml and 2.32ug/ml, respectively.

Specificity
No excipient peaks co-eluted with theanal ytes, in-

dicating themethod is selectiveand specificinrelation
totheexcipientsusedinthisstudy.

Robustness

Indl thedeliberate varied chromatographic condi-
tions (pH of buffer, flow rate, composition of mobile
phase variation) the retention time and peak asymme-
try of both the drug peskswasnot significantly affected
indicated by thelow standard deviation va ues (below
2) for each parameter. Hence, the developed LC
method wasrobust for the determination of GFM and
AMB in combined dosetabl et formulation.

Resultsof analysisof tablet formulation

TheLC method developed in thisstudy was used
for determination of the GFM and AM B contentin com-
bined dosetabl et formulation. Total chromatographic
analysistime per samplewas 10 minwith GFM and
AMB dluting at retention timesof 7.38and 8.73, re-
spectively (Figure1). Assay (% of activedrug content

Hnalytical CHEMISTRY o

present in the tablets with respect toitslabel claims)
resultsfrom six replicate andyses of G-CIN A tablets
were 100.01 % (+ 0.18) and 99.91 % (+ 0.31) for
GFM and AMB, respectively. Therewasgood agree-
ment between assay resultsand thelabel claim of the
product. Thisindicatesthat distribution of thedrugin
tabletsisuniformwithout significant variation.

-

s
Mnunas

Figurel: Typical HPL C chromatogram of GFM andAM B
For ced degradation studies
GFM and AMB were found to be stable under
conditions such asphotolytic stress, oxidativeand ther-

mal stress conditions. Both the drugswerefound to
degrade under acidic and basic hydrolysisconditions
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(Figure2and 3, respectively). Therate of degradation
inacidwasdower ascompared to dkainehydrolyss.
The degradation reaction wasmoreintenseand quicker
inakalinecondition. Both thedrugswerefound stable

toacidichydrolysis(0.1M HCI).

Figure3: HPL C chromatogramsof GFM and AM B exposed
tobasichydrolysis(0.1 M NaOH).

TABLE 5: Resultsof for ced degradation studies

% Assay of active

Stress condition Peéluo(;j of substance
Y "GFM  AMB
Acid hydralysis
Base hydrolysis
Oxidation
(3% H202 a GOOC) 24h 99.82 99.47
Thermal degradation
at 60°C 24h 99.86 99.68
Photodegragation 2days  99.98  99.59

(exposure to sunlight)
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under oxidative, therma and photo degradation stress
conditions. Results of forced degradation studiesare
shownin TABLE 5. The proposed liquid chromato-
graphic system was ableto resol ve the peak of degra-
dation productsthus confirmsthe stability indi cating of
the developed LC method.

CONCLUSION

Based on the resultsit can be concluded that the
RP-HPLC method issimple, sensitive, accurate, pre-
cise, specificand reproducible. Themethodisdso able
to selectively quantitate gemifl oxacin mesylate and
ambroxol hydrochloridein presence of their degrada-
tion products expressing the stability indicating prop-
erty of themethod. Statistical analysisprovesthat the
method is suitable for the analysis of gemifloxacin
mesylate and ambroxol hydrochloridein pharmaceuti-
ca formulationwithout any interferencefrom the ex-
cipients. Hence, the devel oped RP-HPL C method can
be used for routine quality control of pharmaceutical
formulations contiaining gemifloxacin mesylate and
ambroxol hydrochlorideaoneor in combination.
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