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ABSTRACT

A simple and sensitive spectrophotometric method has been devel oped for
the determination of gatifloxacin (GT) and moxifloxacin (MX) in pureform
and in pharmaceutical formulations. The proposed method was based upon
the formation of a ternary complex between palladium(l1), eosin and the
studied drugs in the presence of methyl cellulose as a surfactant and ac-
etate buffer of pH (4.0-4.5). The ternary complex showed an absorption
maxima at 552 and 549 nm for GT and M X, respectively. Apparent molar
absorptivitieswere 2.4975x10* and 3.663x10*L molcm and Sandell’s sen-
sitivities were 0.015 and 0.011ug cm? for GT and M X, respectively. The
solution of ternary complex obeyed Beer’s law over the concentration range
of 2.0-10 and 1.0-8.0 ug mi* for GT and M X, respectively with minimum
detection limits 0.216 and 0.184 ug ml-* for GT and M X, respectively. The
proposed method was successfully applied to the analysis of the studied
drugs in their pharmaceutical formulations. The results obtained were in
good agreement with those obtained using the reported method. A pro-
posal of the reaction pathway was presented.
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INTRODUCTION

Quinol ones have been found to possessan antibi-
otic property. Huorinated 4-quinolonederivativeshave
abroad-spectrum antibacterial activity against many
gram-positiveand gram negetive bacteriathrough inhi-
bition of their DNA gyrasg¥.

Gatifloxacin (GTF) [1-cyclopropyl-6-fluoro-8-
methoxy-7-(3-methyl piperazin-1-yl)-4-oxo-1,4-
dihydro-3-quinolinecarboxylicacid] and Moxifloxacin
(MXF) [1-cyclopropyl-7-[(1S,6S)-2,8-diazabicyclo
[4.3.0] non-8-yl]-6-fluoro-8-methoxy-4-oxo-3-quino-
line-carboxylic acid] are new additionsto the class of
4-fluoroquinolones carboxylic acid antibacterial sthat

arewidely usedin thetreating of respiratory traceand
urinary traceinfectiond?. Thestructureof thecited drugs
areshownin (TABLE 1).

No officid (pharmacopoe 8 method hasbeenfound
for theassay of GTF and MXFintheir formulations.
However, severa methods have been reportedfor their
andysisincluding UV-visible spectrophotometry!>4,
spectrofluorometry!™>*4, atomic absorption spectropho-
tometry*, el ectrophoresi§518, chromatography!®2,
flow injection analysi§?! and el ectrochemical meth-
ods[27-39] .

The above mentioned techniquesare sensitive but
expensive and requirelaborious clean up procedure
prior to analysis. Spectrophotometry isthetechnique
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TABLE 2: Optical characteristicsand statistical data of the
regression equationsfor ternary complex formation with the

studied drugs
Commer cial IUPAC name Chemical formula
name
1-cyclopropyl-6- o
fluoro-8- = COOH
methoxy- 7-(3- ]
Gatifloxacin methylpiperazin- N N
(GT) 1-yl)-4-ox0-1,4-  HN o)
dihydro- \KH 3C/ A
quinoline-3- CHs

carboxylic acid
1-cyclopropyl-7-

[(15,69)-2,8

diazabicyclo
Moxifloxacin [4.3.0]non-8-yl]-

(MX) 6-fluoro-8-
methoxy-4-oxo-

quinoline-3-
carboxylic acid
of choiceeventoday duetoitsinherent smplicity and
thereforefrequently used inthelaboratoriesof thede-
veloping countriesto overcomeversatileandytica prob-
lem. Thisled usto study itsreaction through ternary
complex formationwith eosin and paladiumin an at-
tempt to devel op simple and sensitive spectrophoto-
metric method for thedetermination of getifloxacin (GT)
and moxifloxacin (M X) in pharmaceutica preparations

andbiological fluids.

Ternary complex formation had been used for the
determination of palladium (Pd(11)) via1,10-phenan
throline asacationic component and eosin asan an-
ionic counter ion®¥. Onthe samebasis, Fujitaet al .Y
determined agroup of drugs by forming ternary com-
plex with Pd(I1) and eosin. Intheir studiesnine cations
havebeentried, Pd(11) proved to bethe only effective
metal ion.

Colour reactionsof variousdrugsin agueous me-
diawereinvestigated utilizing theternary complex for-
mation such aschlorpromazine, thiamine, lincomycin,
ofloxacin and theophylline®Y, ciprofloxacin and
norfloxacin®3, astemizole, terfenadineand flunarizine
hydrochloride’®, gliclazide® and cephapirine Na®!.

This paper reportssimpl e, sensitiveand accurate
spectrophotometric method for thedetermination of both
antibiotics(GT and MX). Thetwo methods are based
onthechdate-forming ability of thecarboxylicand car-
bonyl groups in these quinoline derivatives with
paladium(ll) with the subsequent formation of ater-
nary complex with eosin (sodium salt of 2,4,5,7-
tetrabromof|uorescei n) in the presence of methyl cellu-

—— Fyll Peper

lose. The optimum conditions (temperature, pH, €tc.)
wereestablished before the application of themethods
totheanalysisof thedrugsasbulk or intablet forms.
Moreover, the reagents used in the proposed method
arestablefor at |east oneweek.

EXPERIMENTAL

ApparatusAll absorption spectraweremadeusing
Kontron 930 (UV-Visible) spectrophotometer (Ger-
man) with ascanning speed of 200 nm/min and aband
width of 2.0 nm, equipped with 10 mm matched quartz
cdls. AnOrionresearch Model 601A/digita ionayzer
pH meter (Japan) was used for checking the pH vaues
of abuffer solutions.

Materials and reagentsAll reagents and sol vents
wereof anaytica reagent grade.

- Gatifloxacin reference standard was provided by
Bristol Myers Squibb Company Egypt, its potency
was 99.6 + 0.70% by HPLC methodY.

- Moxifloxacin reference standard was supplied by
Bayer, Germany, its potency was 99.4 + 0.92% by
UV spectrophotometric method®.

- Thefollowing commercial dosageformswere sub-
jected to the analytical procedure: Tequin tablets
(Bristol Myers Squibb Company, Egypt) labeled to
contain 400 mg GT/tablet, Hoxintablets(Globa Napi
Co, Egypt) labeled to contain 400 mg GT/tablet and
Avalox tablets (Bayer, Germany), |abeled to contain
400 mg M X/tablet.

- Eosin (Merck, Darmstadt, Germany) was prepared
a52.0x10°*M, agueous solution. Thesolutionissteble
for 2weeks.

- PdCl, (Sigma, Milwaukee, WI, USA) was prepared
as2x10*M solution by dissolving about 35.5 mg of
PdCl, in 1 ml of hydrochloric acid, withthe aid of
heet, followed by the addition of 50 ml of boiled wa-
ter and diluting to 100 ml with distilled water in a
volumetricflask. Thissolutionisstablefor 2 weeks.

- Methyl cellulose (MC) (Prolabo, France) 1500 cP,
0.5% w/v aqueous sol ution, prepared by dissolving
theappropriate amount in hot water (80°C) with fir-
ring for 10 min, then chillingto 5°C for 30 min.

- Acetate buffer (pH values of 4.0 and 4.5), prepared
by mixing 0.2 M acetic acid solution and 0.2 M so-
dium acetate solution, the pH hasto be checked pe-
riodicallyt®,
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- Methanol and hydrochloric acid (Merck, Darmstadit,
Germany).

A stock solution 100ug mi of drug was prepared
by dissolving 0.01 gin 10 ml of bidistilled water and
then diluted to the mark in 2100 ml calibrated flask.
Working solutions of lower concentration werefreshly
prepared by appropriate dilution of the standard solu-
tion. The solutionswere stablefor at |east oneweek if
they had been stored in acool (< 25°C) and dark place.

General procedure
Calibrationgraph

Transfer aliquot volumesof GT and M X standard
solutionsinto aseriesof 10 ml volumetric flasks. Add
1.5ml of 0.5% M C solution, add 2 ml of acetate buffer
pH (4.0 and 4.5 for GT and M X, respectively), fol-
lowed by 1.0+ 0.2 ml of eosin solutionand 0.8+ 0.1
ml of PdCl, solutionfor GT and M X, respectively. Heet
at 60 + 2°C for 10 and 15 min for GT and MX, re-
spectively inathermostatical ly-controlled water-bath,
then cool for 5minat 25°C. Completeto themark with
distilled water. M easure the absorbance of the solution
at 551 and 549 nmfor GT and M X against similarly
prepared eosin-PdCl, solution (blank solution). Plot the
measured absorbancevs. thefina concentrationto get
thecalibration curve. Alternatively, derivethe corre-
sponding regression equition.

Procedurefor tablets

Weigh and pulverize20tablets. Transfer aweighed
quantity of the powder equivalent to 25 mgof GT and
MX intoasmall conical flask, extract with 3x30 ml of
methanol. Flter theextract into 100 ml volumetricflask.
Wash the conica flask with few milliters of methanol.
Passthewashingsinto the sameconical flask and com-
pleteto themark with the same solvent. Transfer ali-
quot volumes covering theworking concentration range
over 2.0-10and 1.0-8.0ugmL* for GT and MX into
10 ml measuring flasks. Proceed as described under
“Calibration graph”. Determine the nominal content of
thetabletseither fromthecdibration curveor usngthe
corresponding regression equation.

RESULTSAND DISCUSSION

Thefact that the pyridonecarboxylic acid deriva
tivesform very stable metal chelates® with different

Hnalytical CHEMISTRY o

cationssuggested the possibility of theutilization of this
phenomenon for increasing the sensitivity of spectro-
photometric measurementsfor thedetermination of GT
and M X in pureform, pharmaceutical preparationsand
biologica fluids, through theformation of astableter-
nary complex of acid-palladium(ll) eosin (SCHEME
1). Theternary complex formed betweenthe metd ion:
electronegative ligand and organic base often have
higher valuesof molar extinction coefficient than binary
complexes of the same components. Theformation of
ternary complexesimproves not only thesensitivity of
themethod but a so the sel ectivity aswell. The absorp-
tion spectra of the binary Pd(11)-(GT) or (MX) and
ternary complexes drug Pd(I1)-eosin formed were
scanned in the range 500-650 nm. It was found that,
on addition of GT or MX totheeosin-Pd(l1) solution
(solution B), adifference in absorbance from eosin
Pd(I1)-drug (solutionA) in the presence of MC and at
pH 4.0 and 4.5 producing ared col or with maximum
absorbancevaueat 551 and 549 nmfor GT and M X,

respectively (Figure 1).
Optimization of theexperimental conditions

The spectrophotometric properties of the colored
product aswell asthe different experimenta param-
etersaffecting the color development and its stability
werecarefully studied and optimized. Suchfactorswere
changed individually whilethe otherswere kept con-
stant. Thefactorsinclude pH, type of buffer, type of
metal cation, temperature, timeof heating, effect of dif-
ferent sengitizers, different surfactants, concentration of
surfactants, and concentrations of eosinand Pd(11).
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Figurel: Absorption spectrum of the ternary complex
formed through reaction of 6.0ug ml* of thestudied drugs
with eosnand Pd(l1) chloride
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Figure2: Effect of pH on theabsor bance of thedrug-Pd
(11)-Eosin complex. GT=M X=6.0ugmi*
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Figure3: Effect of (2x10°M) Eosin volume on the absor -
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Effect of pH

TheinV fluence of pH on the absorbance val ue of
the ternary complex was studied at 551 and 549 nm
for GT and M X, respectively. The absorbance of the
drug-Pd(I1)-eosin complex solution wasinvestigated
over thepH range 3.6-5.4. Maximum absorbancevaue
was achieved at pH 4.0 and 4.5for GT and MX, re-
spectively using 2 ml of acetate buffer. Other buffers
having thesamepH va uesuch asphosphateand Britton
Robinson buffersweretried and compared with ac-

—— Fyll Peper

0.7
0.6
0.5
0.4
0.3
0.2 —0—GT
0.1 —&— MX

0 -

0 10 20 30 40
Time (min)

Figure5: Effect of time (min) on the absorbance of the
ternary complex for med through reaction of 6.0ug ml-* of
thestudied drugswith eosin and Pd(11) chloride

Absorbance

etate buffer. Acetate buffer wasfound to be superior to
phosphate and Britton Robinson buffershavingthesame
pH va uesincethenet absorbancevauewashighestin
case of acetate buffer (Figure2).

Effect of eosin and Pd(I1) chloride

Theeffect of eosin and Pd(l1) concentrationson
the absorbance of the ternary complex was studied
keeping the concentration of the drug and Pd(11) con-
gant and varying eosin concentration, it wasfound that
increasing thevolumeof eosin (2x10°3 M) resultedina
subsequenceincreasein the absorbance value of the
ternary complex up to 0.8 ml, and remained constant
upto 1.2ml therefore, 1.0+ 0.2 ml whichresultedina
fina concentration of 2 x10*M was used asthe opti-
mum concentration of eosin (Figure3).

Theeffect of volume of Pd(l1) on the absorbance
value of theternary complex was al so studied keep-
ing the concentration of the drug and eosin constant.
It was observed that increasing the volume of Pd(l1)
(2x103M) would result in agradual increaseinthe
absorbance of theternary complex upto 0.7 ml and
remained constant up to 0.9 ml after which the absor-
bance of the complex began to decrease. Thus, 0.8+
0.1 ml of 2x 10°*M of Pd(ll) whichresultedinafina
concentration of 1.6x10*M was used through out this
approach (Figure4).

Effect of temperatureand heatingtime

In order to examinethe effect of temperatureand
heating time on the formation rate and on the absor-
bance of the drug-Pd (I1)-eosin ternary complex, the
experiment was carried out at different temperatures
settings (room temperature, 40, 50, 60 and 70°C) us-
ing athermostated water-bath for periodsraging from
51030 min. Maximum and constant absorbancevaue
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Figure6: Effect of volumeof (0.5%) M C (1500 cP) surfac-
tant on theabsor banceof thetheter nary complex for med
through reaction of 6.0ug ml* of the studied drugswith
eosnand Pd(11) chloride

was obtained at 60°C after 10 and 15 minfor GT and
MX, respectively (Figure5). The solution was cooled
under tap water for 5 min to room temperature with
agitation before measuring the absorbanceto solubilize
jely-like aggregatesformed upon heating at 60°C. As
reported by other investigators, thereproducibility was
somewhat poor on using hot solution®, Theternary
complex formed remainsstablefor morethan 2 h.

Effect of surfactants

Theeffect of surfactants on the absorbance of the
ternary complex was examined using various dispers-
ing agents, such as Benzalkonium chloride (BKC) or
cetylpyridinium chloride (cationic), sodium lauryl sul-
fate (anionic) and Triton-X 100, Tween 20 and MC
1500 cP (non-ionic). Among the surfactants studied,
best resultswereobtained inthe presenceof MC (1500
cP). Maximum and constant absorbance was obtained
using 1.5 ml of 0.5% MC solutionfor GT and M X,
respectively (Figure6).

When the non-ionic surfactant MC was used, prior
extraction stepswere unnecessary. The addition of sur-
factantsto solubilize and stabilize theternary complex
had been previously reportedY. Cationic surfactants
such ascetyl pyridinium chloride decreased the col or of
theformed complex probably dueto the formation of
anion-pair complex between eosin and the cationic
surfactant. MC, which is anon-ionic water-soluble
polymeric surfactant, wasreported to bethebest dis-
persing agent with respect to sensitivity, in addition,
itincreasesthestability of the complex and prevent its
precipitation, accordingly, MC wasused in thisstudy.
Theacid dissociation properties of eosininthe pres-
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Figure7: (a) Continuousvariation plotsfor drug: Pd(l1)
(5%10°* M) complex ratioin the presence of excesseosin
(1.5x10°M),V,=Drug; V_=Pd(ll); (b) Continuousvaria-
tion Plotsfor drug: Eosin (5x10°M) complexratioin the
presenceof excessPd(l1), (1.5x10°M),V =Drug; V =
Eosin; (c) Continuousvariation plotsfor Pd(I1) : Eosin
(5%10°* M) complex ratioin the presence of excessdrug
(2x10°M) V, =Eosin; V_=Pd (ll)

ence of M C were determined spectrophotometrically
ationic strength of 0.1 M at 20+ 0.10°C0401,

Depending on the pH of the solution, eosin can ex-
istinany of thefollowingforms:

Kay Ka. Kag
HR =—==H,R == HR —= R?
H* H* -H*

where R denotes the anionic part of eosin. In this study, the
pKa, pKa,, pKa,, in the presence of MC were 2.10, 2.85 and
4.95, respectively. At pH 4.3 about 80% of eosin wasfound to

beintheform HR4,
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Different sensitizerswere aso tried such as, fluo-
rescein, rhodamine 6 G and quinineHCI. Eosinwas
found to be the best one, sinceit gavethe highest and
congtant absorbancevaueof thecomplex. Inthesame
manner various meta swere studied to choosethemost
suitable one for formation of ternary complex, e.g.
FeCl,, CuSO,, Pb(AC), and PdCl,, the latter was
found to be the most suitable metal sinceit gavethe
highest absorbancereading.

Composition of theternary complex

The nature of the ternary complex (drug-Pd(I1)
eosin) wasdetermined using Job’s method of continu-
ousvariation®d, Theresultsof goplying thismethod can
be summarized asfollows: the Pd(I1) : drugratiointhe
presence of excesseosinswas1: 1 (Figure7a), while
the eosin:drug ratioin the presence of any excess but
constant amount of palladium(ll) chloridewas1: 1
(Figure 7b) andthe Pd(I1) : eosinratioin the presence
of excessdrugwas1: 1 (Figure7c). Hencethe com-
position of the ternary complex formed may be ex-
pressed asdrug-Pd(l1)-eosin (1:1:1) in the presence of
methyl cdlulosesurfactant.

M echanism of thereaction

The stoichiometry of thereaction wasproceedsin
theratioof 1: 1, confirming that one molecul e of the
drug denseswith one molecule of PACL.,. Thedrug re-
actswiththePd(I1) ioninthe presence of eosin. Based
on the obtained molar reactivity, thereaction pathway
isproposed to proceed in SCHEME 1.

Method validation
Linearity

At described experimental conditionsfor GT and
MX determination, standard calibration curvesfor GT
and M X using the proposed method calibrationswere

congtructed by plotting absorbancesvs. concentrations.
Thelinear regression equations, standard deviation,

_++

" SCHEME L: Theternary complex of GT-Eosin-Pd(11)

—— Fyll Peper

TABLE 2: Optical characteristicsand statistical data of the
regression equationsfor ternary complex formation with the

studied drugs

Parameter GT MX
Reaction time (min) 10 15
pH 4.0 45
A maxs (NM) 552 549
Beer’s conc. Range (ug ml™) 2.0-10 1.0-8.0
Rinbom conc. Range (ngml™)  3.0-8.5 2.0-7.0
Detection limits (ug i) (5.7&?(?7 M) (4.5&11%47 M)
Quantification limit (ug ml'll) 0.72 0.613
zﬂrﬁ'l?r absorpitivity (L mol™ 5 4q75,10%  3.6634x10*
Sandell sensitivity (ug cm?) 0.015 0.011
Regression equation®
Intercept (b) -0.0232 -0.0229
Slope (a) 0.0714 0.0999
Correlation coefficient (r) 0.9999 0.9998

3A=a + bC, where C is the concentration in ug mi
dopesand intercepts, corre ation coefficients, relative
standard deviation of responsefactors, and linearity
rangesof 2.0-10 and 1.0-8.0ug ml-for GT and M X,
respectively (TABLE 2) for the proposed spectropho-
tometric method. Themolar absorptivitieswere calcu-
lated. Linear regression analysis of the datagavethe
following equetion:

A =-2.32x 102+0.0714 C (r =0.9999) for GT

andA =-2.29 x 102+ 0.0999 C (r = 0.9998) for M X
whereA is the absorbance in cmr cell and C isthe concentra-
tion of thedrugin pg mL 2.
Sengitivity

Thedetectionlimit (LOD) for the proposed meth-
odswerecal cul ated using thefollowing equation*":
LOD =3s/k
where s is the standard deviation of replicate determination
values under the same conditions asfor the sample analysisin
the absence of the analyte and k is the sensitivity, namely the
slope of the calibration graph. In accordance with theformula,
the detection limits obtained for the absorbance were found to
be0.216pgmi (5.75 x107 M) and 0.184ug mi (4.58 x107 M)
for GT and M X, respectively.

Thelimitsof quantitation, LOQ, defined ag*;
LOQ=10s/k

According tothisequation, thelimit of quantitation
werefoundto be0.72 and 0.613 ug ml- for GT and
M X, respectively adopting the proposed method. It was
determined by taking the concentration, which givesa
reliable absorbance reading (0.028 and 0.38 A unit)
for GT and M X, respectively, below whichthecalibra-
tion graph wasnot linear..
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Accuracy and precision

The precision of the proposed method wasevalu-
ated by analyzing standard solutionsof GT and M X.
Theresultsobta ned by the proposed method were com-
pared with those given by methodsg?-34,

Statistical andysis® of theresults obtained by the
proposed and official methods using the Student’s t-
test and varianceratio F-test, showed no significant dif-
ference between the performance of thetwo methods
regarding the accuracy and precision, respectively
(TABLE 3). Thesdectivity of themethod wasinvesti-
gated by observing any interference encountered from
TABLE 3: Satistical analysisof theresultsobtained using

the proposed method and reference method for analysisof
authentic samples

GT M X
Statistic  Proposed Official Proposed Official
method method method method
Recovery®9% 99.993+ 99.60+ 99.91+ 99.40z+
(P=0.05) 0.632 0.70 1.306 0.92
N 6 5 6 5
Variance 0.400 0.49 1.705 0.846
SE 0.258 0.313 0.533 0.376
RSD, (%) 0.632 1.04 1.307 0.92
t-value® 0.93 0.714
F-value” 1.227 2.015

3Mean + SD, PTheoretical values for t and F-values at five degree
of freedom and 95 % confidence limit are (t =2.262) and (F =

5.19)

the excipients of thetablets. It was shown that these
excipientsdid not interferewith the proposed method
(TABLEA4).

Phar maceutical applications

The proposed method wasfurther applied to the
determination of GT and M X initstablets. Common
tabletsexcipientssuch astalc, lactose, starch, avisil,
gelatin and magnesium stearate did not interferewith
the assay. The results obtained were compared with
those giving using areference methodg?-34, Statistical
andys g2 of theresultsusing Student’s t-test and vari-
anceratio F-test, reveaed no significant difference be-
tween the two methods at the 95% confidencelevel
regarding accuracy and precision, respectively. There-
sultsobtained areabridged in (TABLE 4).

CONCLUSION

The proposed method hasthe advantages of being
smple, sendtiveand suitablefor routineanaysisin con-
trol laboratories. The proposed method is considered
asgtability indicating method, Sncethesdeof complex
formationisexpect to bethe side of degradation (hy-
drolysis). Theternary complex formed did not require
prior extraction procedure and have the advantages of
being suitablefor thedetermination of GT and M X in

TABLE 4: Application of thestandar d addition techniquefor the deter mination of thestudied drugsin dosageforms

GT

M X

Tequin tablets (400mg /tablet)

Floxin tablets (400mg /tablet)

Avalox tablets (400mg /tablet)

Taken Added R % Reference Taken Added Recovery* Reference Taken Added Recovery Reference
pgmli?  pgmit VY method pgmit pgmli? % method pgml*pgml™ *%  method
2 -- 99.89 2 -- 99.25 1 -- 98.20
1.0 99.95 1.0 100.40 1 99.45
2.0 100.40 20 99.50 3 100.50
4.0 100.05 4.0 100.70 5 99.00
6.0 100.20 6.0 100.25 6 100.35
8.0 99.75 8.0 100.60 7 100.00
Mean®+ SD 100.04+ 99.90+ 100.12+ 99.85+ 9958+ 99.45+
(p=0.05) 0.232 0.30 0.601 0.45 0.88 0.86
N 6 5 6 5 6 5
SD 0.2324 0.30 0.601 0.45 0.882 0.86
\% 0.054 0.09 0.361 0.203 0.775 0.74
R.SD 0.2323 0.30 0.60 0.451 0.88 0.865
SE ] 0.095 0.122 0.245 0.184 0.359 0.351
t -test
(2.262) 0.825 0.804 0.22
F-value
(5.19) 1.67 1.78 1.05

3Mean of three different experiments; ®"Comparison with the official method!?+¥. Values in parenthesis are the theoretical t -and

F- values for five degrees of freedom and 95% confidence limits.
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pureform with minimum detection limit comparableto
reported values. Moreover, it could be gpplied to the
determination of different pharmaceutica dosageforms.
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