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ABSTRACT KEYWORDS
Three accurate, simple and precise spectrophotometric methods for the Gemifloxacin;
determination of gemifloxacin mesylate (GM X) in pureformand tabletsare Spectrophotometry;
developed. Thefirst method is based on the reaction of ninhydrine reagent Ninhydrin;
with primary amines present in gemifloxacin in N, N’-dimethylformamide Ascorbic acid;
medium (DMF) producing a colored product which absorbs maximally at p-Benzoquinone.

590 nm. The second method is based on the reaction of drug with ascorbic
acid in DM F medium resulting in the formation of acolored product, which
absorbs maximally at 530 nm. The third method is based on the reaction of
gemifloxacin with p-benzoquinone (PBQ) to form a colored product with
A, @ 400 nm. Beer’s law is obeyed in the concentration ranges 4.0-32, 8.0-
40 and 9.0-72 pug mL* and molar absorptivity of 9.68 x 10%, 5.58 x 10*and
4.98 x 10% | mol* cm* for ninhydrin, ascorbic acid and PBQ, respectively.
The optimum experimental parametersfor the reactions have been studied.
Thevalidity of the described procedures was assessed. The proposed meth-
ods could be used for the determination of gemifloxacin in pharmaceutical
formulations. No interference was observed from common pharmaceutical
adjuvants. Statistical comparison of the results with the reference method
shows excellent agreement and indicates no significant differencein accu-
racy and precision. The procedures were rapid, simple and suitable for

quality control application. © 2010 Trade Sciencelnc. - INDIA
INTRODUCTION ord adminigtration andisbeing deve opedfor thetreat-
0
Gemifloxacin mesylate (GMX), is(R,S)-7- [(42)- . COOH

3-(aminomethyl)-4-(methoxyimino)-1-pyrrolidinyl]-1- CHASO.H - | |

cyclopropyl-6-fluoro-1, 4-dihydro-4-oxo-1, 8- y ; : N XN

naphthyridine-3-carboxylic acid methanesulfonate (Fig- 2 \/<; A

ure 1). Gemifloxacin, isanew synthetic broad-spec- /

trum quinolone antibacteria agent with activity againgt AN OMe

both Gram-negative and Gram-positive organismsfor Figurel: Thechemical structureof gemifloxacin mesylate
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ment of respiratory and urinary tract infectiong™?.

Gemifloxadnisnot officid inany pharmacopoeia A
literature survey reveal ed that few anaytical methods
have been reported for the estimation of GFX; they in-
cludehigh-performanceliquid chromatography-tandem
mass spectrometry (LC-MS-MS)#5 microchip elec-
trophoresis®, chira high-performanceliquid chroma-
tography'™ and chira counter-current chromatography®.
Only four spectrophotometric methodsarecited inthe
literaturd®*3, Extractivemethod of thedrug with safra-
nin O (SFN O) and methyleneblue(MB) inbasic me-
dium; Napthol blue 12BR (NB 12BR) and azocaramine
G (AG) inacidic medium® andthechargetransfer com-
plexation reaction of the drug asn-electron donor with
sigma(s)-acceptor iodine, and the pi (p)-acceptors 2,
3-dichloro-5, 6-dicyano-p-benzoquinone (DDQ)-
7,7,8,8-tetra cyanoquinodimethane (TCNQ) and
tetracyanoethylene (TCNE)™. Three methods, are
based on the oxidation of GM X with Fe(I11) and the
estimation of Fe(I1) produced after chelationwith either
1,10-phenanthrolineor 2,2-bipyridyl or ferricyanideat
515, 520 and 760 nm, respectively. Another method
based on the interaction of GM X with ammonium
heptamol ybdatetetrahydrate, which resulted inthefor-
mation of molybdenum bluewithAmax 825 nm™. Also,
method was based on thereaction of GM X with Fe(l11)
of ferric nitrateand 0.1M hydrochloric acid to produce
aorange colored chromogen (A at 471 nm)i*2.

In the present manuscript, we developed three
smpleand sengitive condensati on spectrophotometric
methodsfor theandysisof gemifloxacinmesylateinbulk
drug andin pharmaceutica formulations. Themethods
are based onthereaction of primary amino group of
gemifloxacinwith ninhydrin, ascorbic acid and p-ben-
zoquinone (PBQ). The proposed methods have been
successfully applied to the determination of GFX in
pharmaceuticd formulations.

EXPERIMENTAL

| nstruments

All absorption spectrawereobtained using Kontron
930 (UV-Visble) spectrophotometer (German) witha
scanning speed of 200 nm/ min and aband width of
2.0 nm, equipped with 10 mm matched quartz cells.
HannapH meter (USA) wasused for checking the pH
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vauesof buffer solutions.
Materialsand reagents

All chemica sand materiad swere of analytical re-
agent gradeand all solutionswerefreshly preparedin
bidigtilled water.

Pure grade gemifl oxacin mesylate and itstabl ets
(Fective, 320 mg gemifloxacin mesylate per tabl et) were
obtained from Oscient Pharmaceuticals Corporation,
USA. 2% ninhydrin (Merck) solutionwaspreparedin
N,N’-dimethylformamide (DMF). 0.2% ascorbic acid
was prepared by dissolving 200 mg of ascorbic acid
(S.D.Fine) in 10ml of water ina100 ml standard flask
and diluting to thevolumewith DMF. 0.5% PBQ solu-
tion was prepared in methanol. 0.1 M phosphate (Na
H,PO,) buffer solution was prepared and pH adjusted
to 7.5with NaOH (0.2 M).

Preparation of ssandard drug solution

A stock solution 0.1% solution of gemifloxacin
mesylatewasfreshly prepared by dissolving 100 mg of
gemifloxacin mesylate in 100 mL of N,N’-
dimethylformamidefor ninhydrin and ascorbic acid
methods and in 100 mL of bidistilled water for PBQ
method and then diluted with the same solvent to ob-
tain working standard solutionsof 200 ug mL* (Nin-
hydrin and Ascorbic acid Methods) and 300 ug mL*
(PBQ Method).

Analytical procedures
Ninhydrin method

Aliquotsof 0.2- 1.6 ml GMX standard solution (200
ug mLt) were pipettedinto aseries of 10 mL volumet-
ric flasks. To each flask, 1.5 ml of 2% ninhydrin solu-
tion wasadded, mixed well and heated inawater bath
at 100 + 1 °C for 5.0 min and tubes were cooled to
room temperature. The content of thetubewastrans-
ferred to a 10-mL volumetric flask and diluteto the
volumewith DMF. The absorbance wasmeasured at
590 nm against reagent blank treated smilarly. Thecdi-
bration curve was constructed by plotting the absor-
bance versus concentration of GM X. The content of
unknownwas cal cul ated from regression equation.

Ascorbicacid method

Intothe 10 mL volumetric flasks, different dliquots
of working standard solution (200 ug mL?) weretrans-
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ferred to providefinal concentration range 8.0-40 ug
mL1. To eachflask, 2.0 ml of 0.2% ascorbic acid solu-
tion was added and diluted to volumewith DMF. The
contentsweremixed well and heated inaboiling water
bath for 10 min. The solutions were cooled to room
temperature. Thereaction mixtureand their correspond-
ing washingsweretransferred and collected inaseries
of 10 mL volumetric flasks and diluteto the volume
with DMF. The absorbance of each solution was mea-
sured at 530 nm against thereagent blank treated simi-
larly withinthestability period of 5.0h. Thecdibration
curvewas constructed by plotting the absorbance ver-
sus concentration of GM X. The content of unknown
was cal cul ated from regression equation.

PBQ method

Into 10 mL volumetricflasks, different diquots(0.3-
2.4 mL) of working standard solution (300 pg / mL)
weretransferredto providefina concentration range of
9.0—72 pgmL*. Toeachflask, 1.5mL of 0.1 M phos-
phate buffer solutionand 1.5 mL of 0.5% PBQ reagent
were added. The volume was made up to mark with
distilled water and the solutionswere heated on aboil-
ingwater bathfor 10 minutes. Thesol utionswerecooled
to room temperatureand madeup to mark with distilled
water. Theabsorbance of each sol ution was measured
at 400 nm against the reagent blank. The calibration
curvewas constructed by plotting the absorbance ver-
susfina concentration of GM X. The content of theun-
known was cal cul ated from regress on equation.

Analysisof phar maceutical formulations

Tentabletswereaccurately weighed and powdered.
A portion equivaent to 50 mg GM X was stirred with
20ml DMFand et stand for 10 min. Theresiduewas
filtered on What man No. 42 filter paper and washed
with DMF. Thefiltrate and washingswerediluted to
volumeina50-ml volumetric flask. A suitablevolume
of thissolution wasfurther diluted to giveafinal con-
centration of 0.2 mg mL*. Andiquot of thissolution
was anaysed for GM X following the procedure de-
scribed for thecalibration curve.

RESULTSAND DISCUSSION

Ninhydrin method
Ninhydrinisawell-established reagent for thede-

—— Fyll Peper

termination of certain amines, amino acids and
thiophenes®. It hasbeen extensively used inthe de-
termination of the compounds of pharmaceutical im-
portanceand inthekinetic studies'**¢. Thereactionis
usualy carried out by heating for ashort timeinanor-
ganic solvent (2-propanal, butanol, DMF) or inamix-
ture of water and organic sol vent. Thereaction product
is measured between 550 and 600 nm depending on
thereaction conditiong'”. It hasbeen suggested*® that
ninhydrin was converted to o-carboxyphenylglyoxal in
akaline medium which would reduce ninhydrinto 2-
hydroxyindan-1, 3-dione.

Inthe present study, it combineswith—NH, group
of GMX toform amino derivative, which further under-
goes condensation with ninhydrin to give
diketohydrindylindene-diketohydrindamine
(Ruhemenn’s purple) with A at 590 nm (Figure 2).
The reaction between GM X and ninhydrinin DMF
medium resulted in the formation of
diketohydrindylindene-diketohydrindamine (Scheme1.).

Thedifferent experimental parametersinfluencing
theintensity of the developed colour wereextensively
investigated to determinetheoptima conditionsfor the
assay procedure.

Effect of heatingtime

Gemifloxacin was capabl e of reaction with ninhy-
drin only at higher temperatures. M aximum color was
obtained by heating the reaction mixtureon aboiling
water bath at 100+ 1°C. It is apparent that complete
colour devel opment was attai ned after 8.0 min of heat-
ing and remained constant up to 15 min. Therefore, the
optimum heating timewasfixed at 10 min throughout
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Figure2: Absor ption gpecta of reaction product between GM X
(30 pg mLY) and ninhydrin, ascor bicacid and PBQ.
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Scheme1: Thesuggested reaction pathway between GM X and ninhydrin

the experiment. The devel oped color was stable for
2.0h.

Effect of ninhydrin concentration

Theeffect of ninhydrin concentration onreaction
ratewasinvestigated using 0.5-3.0 mL of 2.0% ninhy-
drin. Theresultsarepresented in FHgure 2 which showed
that increasing the volume of 2.0% ninhydrin solution
would increasethe absorbance of thereaction product
upto 2.0 mL after which further increaseinthevolume
of ninhydrin resulted in no changein the absorbance of
reaction product. Thus2.0 mL of 2.0% ninhydrinwas
adopted asthemost suitablevolumefor maximum ab-
sorbance (Figure 3).
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Figure3: Effect of reagent concentration on theabsorbance
at.  of thecoloured product (drug=30 pg mL™).

Ascorbicacid method

Ascorbic acid has been usedas asensitive reagent
for the specific determination of aiphaticaminesin

N,N’-dimethylformamide (DMF) medium without elu-
cidating themechanism of thereaction™. Inthislabo-
ratory, we have used ascorbic acid asareagent for the
determination of apharmaceutica possessing aiphatic
amino group and proposed areaction mechanism af-
ter an appropriate study?. Gemifloxacin, asaprimary
amine, reactswith ascorbic acidin DMF medium to
produce a col oured product, which absorbed maxi-
mally at 530 nm (Figure 2). Under the specified ex-
perimenta conditions, ascorbic acid undergoesoxida
tion resultingin theformation of dehydroascorbic acid.
The carbonyl group of dehydroascorbate reactswith
—NH, group of gemifloxacintoformapurple colored
condensation product.

Thereaction of GMX and ascorbicacidin DMF
mediuminvolvestwo variablesi.e hedingtimeand con-
centration of ascorbic acid.

Effect of heatingtime

To study theeffect of heatingtime, 500 pug of GM X
wasmixedwith 1.5 mL of 1% ascorbic acidinaboil-
ing tube and heated on aboiling water bath at 95 +5
°C. The absorbance was measured at 530 nm as a
function of time. It was observed that the absorbance
remai ned constant between 12 and 20 minutes of heat-
ing. Thus, 15 minutes of heating timewas selected as
anoptimumvaue.

Effect of ascorbicacid concentration

Theinfluenceof volume of 1% ascorbic acid was
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critically examined. It wasfound that increasing thevol -
ume of 1% ascorbic acid solution would increasethe
absorbance of thereaction product upto 1.5mL and
abovethisvolumetheabsorbance remai ned unaffected.
Therefore, 1.5 mL of 1% ascorbic acid was used
through out theexperiment (Figure 3).

p-Benzoquinone (PBQ) method

PBQ reagent isused for the determination of an
amino acid or amino group. the possiblereaction path-
way predicted from literature?-23 and from results of
the present work, wherethefree primary aminemoiety
of GM X condenses with carbonyl group of PBQ to
form the condensation product. Under thereaction con-
ditions used, which include heating to 95 °C, it was
observed that the product of the reaction of PBQ and
GMX showsi _ at 400 nm (Figure 2); for most phar-
maceutical compounds?-Z! the products of the reac-
tion absorb inthe range 370-670 nm, but most of them
at about 490-500 nm. On changing the pH t0 5.0, 6.0,
7.00r 0.8, ashift of themaximum absorbanceto shorter
wavelengths was observed. Zaia et al® observed a
samilar shiftto shorter wavelengthsupon reaction of PBQ
with proteinsand amino acids.

The absorptiometric propertiesof the col ored spe-
ciesaswdll astheinfluenceof different parameterson
the color development areextensively studied to deter-
mine optimal conditions of the assay procedure. The
reaction was studied asafunction of thevolume of the
reagent, sdectivity of thesolvent, reactiontimeand sta-
bility. The optimum conditionswereincorporated into
thegenerd procedure.

M ethodsof validation

Thevalidity of the methods wastested regarding
linearity, specificity, accuracy, precision, repeatability,
recovery and robustness according to ICH Q2B rec-
ommendations®!,

Linearity

Theoptical characteristicssuch asBeer’s law lim-
its, Sanddl|’s sensitivity, molar absorptivity, percent rela-
tive standard were calculated for al the methods. By
using theaboveprocedures, linear regression equations
were obtained. Theregress on plots showed that there
wasalinear dependence of the analytical responsein
the three methodsto the concentration of GM X over

—— Fyll Peper

therangescitedin TABLE 1. Linear regression anay-
ssof thedatagavethefollowing equations, A=0.0014
+0.0198C with acorrelation coefficient, r = 0.9999,
for ninhydrin method; A=-0.0019 + 0.0116C havinga
correlation coefficient, r= 0.9994, for ascorbic acid
method and A = - 0.004 + 0.0105C with r = 0.9999,
for PBQ method. Where Aisthe absorbance, Cisthe
concentration of thedrug (g mL?), and r isthe corre-
|ation coefficient.

TABLE 1: Quantitative parameter sfor the proposed methods
for deter mination of GM X.

Ascor bic

Parameters Ninhydrin Acid PBQ
A max, M 590 530 400
Beer's conc. Renge 4032 8.0-40 9072
(ug mL™)
Rinborn conc. Range 3.0-30 6.0-37 7.0-68
(ngmL?)
Detect|91r1 limits 0.18 0.44 0.74
(pgmL) =~
Quantlf_li:atlon limit 0.60 147 248
(ugmLl™) s
Molar falbsoriy:l)ltlvny x 10 968 5577 498
(L mol™ cm™)
Sandel Iﬁzsens tivity 0.050 0.087 0.098
(pg cm™)
Regression equation 2
Intercept 0.0016 -0.0024 - 0.0079
Standard deviation of 0.0012 0.0017 0.0026
intercept (Sy)
Slope 0.0199 0.0116 0.0105
Standard deviation of

0.012 0.006 0.005

Slope (S)
Correlation coefficient (r) 0.9997 0.9994 0.9996
Mean + SD% 100.13+0.61 99.82+1.49 99.02+ 1.22
RSD% 0.61 1.49 1.23
Variance 0.372 221 150
SE 0.249 0.61 0.50
Student's t-value
(2.571) b 0.16 0.26 0.16
Variance ratio F-test
(5.05) b 2.53 2.36 1.58

aA=a+b C wherecistheconcentration in pg mL™.
® Theoretical valuefor t and F at 95% confidencelevel at P = 0.05.

Thevdidity of themethodswas proved by statisti-
cd evduation of theregressonlines, usingthestandard
deviation of theresiduds (Sy ), thestandard deviation
of theintercept (S) and standard deviation of theslope
(). Theresultsareabridged inTABLE 1.

Detection and quantification limits(sensitivity)

Thelimitsof detection (LOD) weredetermined by
establishingtheminimum leve a whichtheanaytecan
bereliably detected. Thelimit of detection wascal cu-
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lated by using thefoll owing equation®!:
LOD=3.3s/k

wheresisthethe standard deviation of theintercept of
theregression lineand kisthe sengitivity, namely the
dope of the calibration graph. In accordancewith the
formula, the detection limitswere found to be 0.35,
0.76 and 0.91 ug mL* for ninhydrin, ascorbicacid and
PBQ methods, respectively.

Thelimitsof quantitation, (LOQ) wasdetermined
by establishingthelowest concentration that canbemea:
sured according to ICH Q2B and defined ag?;

LOQ=10s/k
Accordingtothisequation, thelimit of quantitation were

foundtobe1.16, 2.53 and 3.03 ug mL* for ninhydrin,
ascorbic acid and PBQ methods, respectively.

Specificity, precision and accur acy
Specificity

The specificity of the condensation reaction and se-
lective determination of GM X with ninhydrin, ascorbic
acid and PBQ wasinvestigated by observing any inter-
ference encountered from the common tabl et excipi-
ents, such astalc, lactose, starch, avisil, gelatin, and
magnes um stearate. Theseexcipientsdid not interfere
with the proposed methods.

Precision

(8) Repesatability (Intra-day precision): Therepeatabil-
ity wastested by applying the proposed methodsfor
the determination of calibration curveof GMX inpure
formwasprepared six determinationsat four different
concentrations on the same day. Theresultsare pre-

TABLE 3: Determination of GFX in phar maceutical prepar a-
tion (Factivetablets) applyingthestandar d addition technique.

Amount Amount Amount

Proposed taken added found_1 Rec;)very IESDa

methods (ng mL?) (g mL™Y) (llgslﬁ)La) (%) (%)
10 10 20.14+0.054 100.70 0.27
Ninhydrin 15 15 30.10+0.163 100.33 0.54
20 10 29.91+0.111 99.70 0.37
10 10 19.98+0.122 99.90 0.61
Ascorbic acid 20 20 40.15+30.11 100.37 0.75
30 10 39.89+0.191 99.73 048
10 10 10.06 +0.093 100.60 0.92
PBQ 20 20 40.04+0416 100.10 1.04
30 30 59.70+0.46 9950 0.77

@ Aver ageof six deter minations.

sentedinTABLE 3.

(b) Intermediate Precision: Intermediate precisonwas
assessed by comparing the assaysof GM X inpureform
applying thethreemethodson different days(5 days, n
=6 at each concentration). Theresultsof accuracy and
precision summarizedin TABLE 3 and showsthat the
proposed methods have good repeatability and repro-
ducibility.

Precision was expressed astherel ative standard
deviation (R.S.D. %). Accuracy was expressed asthe
meanrelaiveerror (R.E. %)

The percentage mean relative error calculated us-
ingthefollowing equation:

R.E. % =[(founded — added) / added] x 100
Accuracy

Totest thevalidity of the proposed methodsthey
were applied to the determination of authentic sample
of GMX over the concentrationrangecitedin TABLE
1. Theresults obtained werein good agreement with
those obtained using the reference method. Student’s
t-test and the varianceratio F-test?® revealed no sig-
nificant differencesbetween the performanceof thethree
methods regarding the accuracy and precision, respec-
tively (TABLE2).

TABLE 2: Evaluation of theaccuracy and precision of the
proposed methods

Proposed Amount Recovery  Predsion Accuracy . Confidence
methods , Laken (%) RSD Erop  NE limit¢
(ug mL™) +8.D.2 (%)°
10 99.90 + 0.042 0.42 -0.10 0.017 9.99+0.044
Ninhydrin 20 100.15+0.078  0.39 0.15 0.032 20.03+0.082
30 100.27+0.16 0.53 0.27  0.065 30.08+0.167
10 100.40+0.067  0.67 040 0.027 10.04+0.69
Ascorbic
acid 20 99.85+0.118 0.59 -0.15 0.048 19.97+0.123
30 99.53+0.21 0.71 -0.47  0.087 29.86+0.224
20 99.90+0.16 0.80 -0.10 0.065 19.98+0.167
PBQ 40 100.20+0.21 0.52 0.20 0.085 40.08+0.219

60  10025+039 065
2 S.D. = Average of six determinations.
b RSD (%) = Percentage relative standard deviation
¢ SAE = Sandard analytical error
4 Confidence limit at 95% confidence level and five degrees of
freedom (P = 0.05) (t = 2.571).

Robustnessand ruggedness

025 0.159 60.15+0.409

For theeva uation of the method robustness, some
parameterswereinterchanged; thevolume of reagents,
wave ength range, and time. Theseminor changesthat
may take place during the experimental operation did
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not affect the absorbance of thereaction products.

M ethod ruggedness was expressed as RSD% of
the same procedureapplied by two andystsand intwo
different instruments on different days. The results
showed no statisticd differencesbetween different ana-
lysts and instruments suggesting that the devel oped
methodswererobust and rugged.

Recovery

Therecovery of the proposed methods, the stan-
dard addition technique by adding aknown amount of
standard at three different levelsto the pre-analysed
sample. From theamount of drug found, the percent-
agerecovery was cal cul ated by thefollowing equation:
Recovery (%) =[(Ct - Cu)/Ca] x 100
whereCtisthetota concentration of theanaytefound,
Cu the concentration of the analyte present the formu-
lation, and Caisthe concentration of the pureanalyte
added totheformulation.

Analytical applications

The proposed methods were then applied to the
determination of GMX initstablets. Themethodswere
tested for linearity, specificity, accuracy, repeatability,
and precision according to ICH Q2B recommenda-
tions.
Specificity

The specificity of themethodswasinvestigated by
observing any interferenceencountered from the com-
mon tablet excipients, such as magnesium stearate,
hydroxypropyl methylcellulose, microcrystalinecellu-
lose, polyethyleneglycolate, povidone, titanium diox-
ide, talc, lactose, gelatin, and starch. Theseexcipients
did not interfere with the proposed methods. There-

TABLE 4: Determination of GFX in phar maceutical prepar a-
tion (Factivetablets)

Proposed Reference
method method™” (b E e
Recovery RSD Recovery RSD # @
(%)  ()?* (%)  (%)*
Ninhydrin  100.24 0.393 0.523 2.03
aAC?gorb'C 10000 0613 100.08 056 0.216 1.20
PBQ 10007 091 0.021 2.64

@ Six independent analyses.
> Theoretical value for t at 95% confidence level is 2.571.
¢ Theoretical value for F at 95% confidence level is 5.05.

—— Fyll Peper

sultsof the proposed methods were statistically com-
pared with those obtai ned using thereference method.
Statistical anadysisof theresults, using Student’s t-test
andthevarianceratio F-test revealed no sgnificant dif-
ference between the performance of the proposed and
reference methods regarding the accuracy and preci-
sion, respectively (TABLE4).

CONCLUSIONS

The proposed methods are applicablefor the as-
saying of GM X and havetheadvantage of awider range
under the Beer’s law limits. The decreasing order of
sensitivityand A among the proposed methodsareA
> B > C, respectively. The proposed methods are
simple, selectiveand can be used inthe routine deter-
mination of GM X inbulk samplesand formulationswith
reasonabl e precision and accuracy.
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