American Journal of Analytical Chemistry, 2013, 4, 521-530 03:‘ Scientific
http://dx.doi.org/10.4236/ajac.2013.410066 Published Online October 2013 (http://www.scirp.org/journal/ajac) #3% Research

Sensitive Spectrofluorimetric Method for Determination
of Fluoroquinolones through Charge-Transfer
Complex Formation

Jasmin Shah*, M. Rasul Jan, Inayat Ullah, Sultan Shah
Institute of Chemical Sciences, University of Peshawar, Peshawar, Pakistan
Email: “jasminshah2001@yahoo.com

Received June 15, 2013; revised July 15, 2013; accepted August 2, 2013

Copyright © 2013 Jasmin Shah et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

A sensitive spectrofluorimetric method was developed for determination of ciprofloxacin (CPFX), levofloxacin (LEV),
gatifloxacin (GAT) and moxifloxacin (MOX) in pure, commercial formulations, human urine and plasma. The method
is based on charge-transfer (CT) complex with chloranilic acid. Fluorescence intensity of the complexes was measured
at emission wavelength ranging from 445 - 492 nm with excitation wavelengths from 285 - 330 nm. At optimum ex-
perimental conditions, a linear calibration plot was obtained in the concentration range of 20 - 1000 ng-mL™", 60 - 320
ng-mL™", 20 - 800 ng'mL ™" and 20 - 100 ng:mL"" for CPFX, LEV, MOX and GAT, respectively with good correlation
coefficient in the range of 0.9929 - 1.0 in methanolic medium. The limit of detection and limit of quantification were
found to be 5 ng'mL™" and 18 ng-mL™" for CPFX, 12 ng'-mL™" and 40 ng':mL"" for LEV, 8 ng-mL"" and 19 ng-mL™" for
MOX, 6 ng'-mL™" and 19 ng-mL"" for GAT, respectively. The method was found free of interferences from excipients
used as additive in pharmaceutical preparations, some common cations and compounds present in urine and plasma as
well as co-administered analgesic, vitamins and other drugs. The method was successfully applied for quantification of
selected fluoroquinolones in commercial formulations and also in spiked human urine and plasma samples with percent
recoveries of 100.0 + 1.56 and 100.2 + 1.29 respectively.

Keywords: Fluoroquinolones; Chloranilic Acid; Charge-Transfer Complex; Spectrofluorimetry; Pharmaceutical
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1. Introduction Fluoroquinolones are widely used to treat human and
veterinary diseases [5-7]. Fluoroquinolones can enter
cells easily and therefore are often used to treat intracel-
lular infections. They are extremely useful for the treat-
ment of a number of infections, including urinary tract
infections, soft tissue and fluid infections, respiratory
infections, bone-joint infections, typhoid fever, sexually
transmitted diseases, prostatitis, community acquired
pneumonia, acute bronchitis and sinusitis. They are par-
ticularly used in bacterial urinary infections and also for
infections whose antimicrobes possess great resistance.
The broad spectrum antimicrobial activity, excellent
bioavailability, good tissue penetration and long plas-
matic stocking life, all have made fluoroquinolones, a
special class of drugs [8].

Thorough study of the literature reveals that several
methods have been developed for the determination of
fluoroquinolones in bulk, pharmaceutical dosage form
“Corresponding author. and biological samples based on wide array of instru-

Fluoroquinolones are a family of one of the most suc-
cessful and important classes of manmade broad spec-
trum antibiotics. They are receiving a significant atten-
tion due to their broad spectrum activity, potency, vari-
able indications, well oral bioavailability, good tissue
absorbing, longer elimination half-life and excellent
pharmacokinetic profile. As a result, fluoroquinolones
have become a therapeutically effective class of antim-
icrobial agents over the last decade. No other classes of
antimicrobial agents have grown so rapidly or have been
developed with such interest by pharmaceutical research
companies. This class is among the world’s most used
antimicrobial drugs in community and hospital settings
[1-3]. Fluoroquinolones are generally considered well
tolerable because most of their side effects are mild and
serious effects occur rarely [4,5].
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ments like spectrophotometric [9-11], HPLC [12,13], ca-
pillary electrophoresis [14], electrochemical [15] and
spectrofluorimetric [8,16-20].

The charge-transfer methods for fluoroquinolones re-
ported are based on the use of 2,3,5,6-tetrachloro-p-ben-
zoquinone with enrofloxacin, levofloxacin and ofloxacin
[8], 7,7,8,8-tetracyanoquinodimethane with ciprofloxacin,
norfloxacin, pefloxacin and fleroxacin [16] as well as
with ofloxacin, levofloxacin and lemofloxacin [17]. Chlo-
ranilic acid is used with lemofloxacin, fleroxacin, cipro-
floxacin and norfloxacin as electron donor [18]. All of
the studied fluoroquinolones belong to second genera-
tion group of drugs. Therefore, present study was carried
out to exploit the charge-transfer reaction of chloranilic
acid as an electron donor with the fourth generation (MOX
and GAT) along with second generation (CPFX and LEV)
fluoroquinolones drugs which are in common use. A new
spectrofluorimetric method is proposed for the direct
determination of fourth generation (MOX and GAT) flu-
oroquinolones in pharmaceutical formulations as well as
in urine and plasma samples for the first time. The new
method is simple, sensitive, good linear range, and rapid.
The reported methods for determination of CPFX and
LEV (8, 16 - 18) through chargetransfer complexation
have been applied only to commercial formulations.

2. Experimental
2.1. Instruments

Spectrofluorophotometer (RF-5301 PC) Shimadzu, Japan,
equipped with 150 watt Xenon discharge lamp and 1 x 1
cm quartz cell was used for fluorescence intensity meas-
urements. Centrifugation of plasma and urine sample was
carried out on a clinical centrifuge (Model 800, China
with maximum speed 4000 rpm).

2.2. Reagents

All chemicals used were of high grade purity. Chloranilic
acid (2,5-dichloro-3,6-dihydroxy-p-bezoquinone), BDH
Chemicals Ltd. Poole England, and methanol (Merck,
Darmstadt Germany) were used during this work. Stan-
dard reference levofloxacin, moxifloxacin, gatifloxacin
and ciprofloxacin were gifted by Libra Pharmaceutical
Industry Pvt. Limited, Peshawar, Pakistan and MKB
Pharmaceutical Pvt. Limited Peshawar. Commercial for-
mulations of levofloxacin (Levoxin 500 mg/tab, Searle
Pakistan Limited F-319, S. I. T. E., Karachi, Levotril 250
mg/tab Gray’s Pharmaceuticals Plot # 442, St. # 7, 1-9/2,
Industrial area Islamabad, Leobac 500 mg/tab, Legacy
Pharmaceutical (Pvt.) Ltd. 111-A, Industrial Estate, Ha-
yatabad Peshawar Pakistan. Infusion Levflox 500 mg/
100mL, Getz Pharma (Pvt.) Ltd. Karachi Pakistan) mox-
ifloxacin (tablet Moxibact 400 mg/tab and infusion
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Moxibact 400 mg/250mL, manufactured by S. J. and G.
Fazul Ellahie (Pvt.) Ltd. Karachi Pakistan, under License
Continental Pharmaceuticals Karachi Pakistan, tablet
Moxiget 400 mg/tab, manufactured by Getz Pharma (Pvt.)
Ltd. Karachi Pakistan and Megamox 0.5% eye drops
manufactured by Elko Organization (Pvt.) Ltd. Karachi
Pakistan and marketed by Sante (Pvt.) Limited Karachi
Pakistan) and ciprofloxacin (Ciproxin 500 mg/tab, Bayer
Pakistan (Pvt.) Ltd. C-21, S. I. T. E. Karachi Pakistan,
Mytil 500 mg/tab, Wilson’s Pharmaceuticals 387 - 88 1-9
Industrial Area Islamabad Pakistan, Ciprax-500 500 mg/
tab, Gemone Pharmaceuticals (Pvt.) Ltd. Plot # 16/1
Phase 1V, Industrial Estate, Hattar Pakistan) were pur-
chased from local medicine store.

2.3. Solution Preparation

2.3.1. Chloranilic Acid Solution (500 pg-mL™)

Pure solid chloranilic acid (25 mg) was dissolved in 20
mL methanol and diluted up to 50 mL with the same
solvent. Working solutions of lower concentration were
prepared by dilution of the stock solution.

2.3.2. Standard Fluoroquinolone Solution
(100 pg-mL™)

Standard fluoroquinolone stock solution (100 pg-mL™")
was prepared by dissolving 10 mg of authentic standard
fluoroquinolone in 10 mL of methanol with vigorous
shaking and finally diluted to 100 mL with distilled water.
Working standard solutions of lower concentrations were
prepared by dilution of the stock solution with methanol.

2.3.3. Sample Preparation (100 pg-mL™)

Five tablets of each sample (Levoxin 500 mg/tab, Levotril
250 mg/tab, Levobac 500 mg/tab, Moxibact 400 mg/tab,
Moxiget 400 mg/tab, Ciproxin 500 mg/tab, Mytil 500
mg/tab, Ciprax-500 500 mg/tab) were weighed separately
to obtain average weight of one tablet which was found
to be 0.6308 g, 0.4970 g, 0.6439 g, 0.595 g, 0.610 g,
0.7767 g, 0.7852 g and 0.7789 g for Levoxin, Levotril,
Levobac, Moxibact, Moxiget, Ciproxin, Mytil and Cip-
rax-500 respectively. The tablet forms of each brand
were ground separately. Sample of the powdered tablets
equivalent to 10 mg of the drug was transferred to 100
mL beaker and dissolved in 10 mL methanol with vigor-
ous shaking. The solution was transferred to 100 mL
volumetric flask and diluted up to the mark with metha-
nol to obtain 100 pg-mL™" sample solution in each case.
These solutions were used as stock sample solution
throughout the work. For preparing stock solution of in-
fusion Levflox, Moxibact and eye drops Megamox, 100
pg-mL™" sample solutions was prepared by pipetting out
sufficient volume directly and diluting with methanol in
100 mL volumetric flask. Working sample solutions in
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the range of 1.0 - 5.0 ug'mL™" was prepared by further
dilution of the stock solution with same solvent.

2.4. General Procedure

Solutions of the selected fluoroquinolones in the concen-
tration range of 0.02 - 10.0 pg-mL™" were taken in five
separate 10 mL volumetric flask and chloranilic acid
solution in the concentration range of 10 - 200 pg-mL™
were added and made the volume up to mark with me-
thanol. A purple colour charge-transfer (CT) complex
was formed between the fluoroquinolones and chloranilic
acid immediately. The fluorimetric behaviour of the drug
with and without addition of chloranilic acid was meas-
ured to find wavelengths for maximum excitation (Acx)
and emission (A,) of the drug and CT complex (Figure
1). The fluorescence intensity of the charged-transfer
complex formed between chloranilic acid and ciproflox-
acin, levofloxacin, gatifloxacin and moxifloxacin was
measured at 445 nm, 485 nm, 473 and 492 nm using an
excitation wavelength of 330 nm, 285 nm, 285 nm and
292 nm respectively.

The calibration curve was obtained for the fluores-
cence intensity against concentration of the drug and the
nominal content per tablet and in the infusion was deter-
mined from the calibration curve.

2.5. Procedure for Spiked Human Urine

Urine samples from three healthy volunteers at normal
conditions were taken and diluted ten times with distilled
water (5.0 mL of the urine were diluted to 50 mL with
distilled water). Levofloxacin solution (1.0 mL of 100
ng-mL™") was added to 1.0 mL urine sample and diluted
to 5.0 mL with methanol. The spiked sample was centri-
fuged at 3000 rpm for 15 minutes and 5.0 pug-mL™"
spiked urine sample solution was prepared by pipetting
out 2.5 mL of the clear supernatant portion and diluting
to 10 mL with methanol. Spiked urine sample solution
(5.0 pug-mL™") in the range of 1 - 3 mL was transferred to
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Figure 1. Excitation and emission spectra of levofloxacin
only (—) and CT complex (-----) with chloranilic acid.
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10 mL volumetric flask. To each flask, 0.5 mL of 200
pg/mL chloranilic acid solution was added and made the
volume up to mark with pure methanol to give final con-
centration of the drug in the range of 0.5 - 1.5 pg-mL™".
Fluorescence intensity of the solution was measured at
485 nm using 285 nm as excitation wavelength.

2.6. Procedure for Spiked Human Plasma

In case of plasma, 4.0 mL was spiked with 1.0 mL of the
standard levofloxacin (500 pg'mL™") and 5.0 mL of ace-
tonitrile was added for deprotination. The precipitated
protein was separated by centrifugation at 3500 rpm for
20 minutes. Appropriate volumes of the supernatant
spiked plasma was transferred to 25 mL volumetric flask
and diluted with methanol to give nominal concentration
of 5.0 ug'mL™" of the drug and 1 - 3 mL of this solution
was transferred to 10 mL volumetric flask. To each flask,
0.5 mL of 200 pg-mL™" chloranilic acid solution was
added and made the volume up to mark with pure me-
thanol to give final concentration of the drug in the range
of 0.5 - 1.5 ug-mL™". Fluorescence intensity of the solu-
tion was measured using optimized conditions and con-
centration of the drug was evaluated from a calibration
curve constructed separately from standards containing
equivalent amount of acetonitrile. Each experiment was
performed in triplicate.

3. Result and Discussion

The molecular interaction between pair of electrons do-
nors and pair of electrons acceptors (Lewis acid-base
reaction) are generally associated with the formation of
charge-transfer (CT) complexes. Charge-transfer com-
plexes affect the absorption behavior of the molecule and
colourless substances become coloured and non-fluo-
rescent turn into fluorescent and results in enhancement
of fluorescence activity. The formation of CT complex
can be rapidly assessed for its validity as a simple quan-
titative analytical method for many drug substances,
which can act as electron donors. Chloranilic acid is «
electron acceptor and readily forms charge-transfer com-
plexes with basic nitrogenous compounds as electrons
donors. Fluoroquinolones has piperazine ring containing
basic nitrogen and is able to form a charge-transfer com-
plex with = electrons acceptors like chloranilic acid.
Therefore, chloranilic acid has been used as a fluorogenic
reagent for spectrofluorimetric determination of fluoro-
gionoles in commercial formulations, plasma and urine
samples.

The fluorimetric properties of the charge-transfer com-
plex and the variables affecting the reaction such as sol-
vent, concentration and volume of chloranilic acid and
reaction temperature were carefully studied and opti-
mized.
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3.1. Effect of Solvent

Fluorimetric behaviour of the CT complex is solvent
dependent. The selection of appropriate solvent plays a
vital role in the sensitivity of the method. Effect of dif-
ferent solvents such as methanol, acetonitrile, ethanol,
distilled water and n-hexane on fluorimetric behaviour of
CT complex between the selected FQs and CL acid was
investigated. Methanol was found to be the best solvent
(Figure 2) in terms of sensitivity, environmental aspect
and cost of the method.

3.2. Effect of Concentration and Volume of
Chloranilic Acid

Concentration of CL acid solution affects the reaction
markedly. Its effect was studied in the concentration
range of 100 - 300 ug'mL™", 5 - 25 pg-mL™", 25 - 200
pg-mL™" and 30 - 70 pg-mL™" for levofloxacin, moxiflox-
acin, ciprofloxacin and gatifloxacin respectively. It was
observed that with increase in concentration of CL acid
up to 200 pg'mL™", 15 pg'mL™" and 50 pg-mL™" for le-
vofloxacin, moxifloxacin, ciprofloxacin and gatiflox-
acin respectively, FI intensity of the complex increases
and then decrease with further increase in concentration
of the reagent (Figure 3). Therefore, these concentrations
were used in further analyses of the respective drugs. The
effect of volume of optimized concentration of CL acid
for each drug on the fluorescence intensity of the analyte
was also investigated in the range of 0.25 - 2.0 mL and
0.5 mL was found as the optimum volume for levoflox-
acin and ciprofloxacin and 1.0 mL for moxifloxacin and
gatifloxacin (Figure 4).

3.3. Effect of Temperature

Increase in temperature has negative effect on the fluo-
rescence intensity of the analyte. Generally, it happens
due to changes in structure of molecules and emission
less relaxation of the excited states. Good results were
obtained at room temperature (Figure 5) and thus mak-
ing the process easier; further analyses were carried out
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Figure 2. Fluorescence intensity of the fluoroquinolone CT
complex as function of the medium.
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Figure 5. Effect of temperature on fluorescence intenisty of
levofloxacin CT complex.

at room temperature.

3.4. Stability of the Complex

Stability of the CT complex between CL acid and the
selected fluoroquinolones and the subsequent stability of
the proposed method was also investigated for two hour
with 10 minutes interval and also overnight reading was
noted. The complex is quite stable (Figure 6) and gives a
consistent signal up to 24 hours.
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Figure 6. Stability of fluorescence intenisty of levofloxacin
CT complex.

3.5. Quantification

Under the optimum experimental conditions of the pro-
posed method, a linear response between the fluores-
cence intensity and concentration of the selected fluoro-
quinolones was observed in the concentration range of 60
- 320 ng'-mL™", 20 - 800 ng:mL™" and 20 - 1000 ng-mL™"
for levofloxacin, moxifloxacin, ciprofloxacin and gati-
floxacin respectively. The linearity of calibration curves
was proved by the high value of correlation coefficient.
The linear regression equations, slopes, intercepts, corre-
lation coefficients and relative standard deviation of the
response factors are given in Table 1. The limit of detec-
tion (LOD) was found to be 12 ng-mL”', 8 ng'mL™", 5
ng'mL™" and 6 ng-mL™" for levofloxacin, moxifloxacin,
ciprofloxacin and gatifloxacin respectively. Limit of
quantification (LOQ) was found to be 40 ng'mL™", 19
ng'mL”', 18 ng'mL™" and 19 ng-mL™" for levofloxacin,
moxifloxacin, ciprofloxacin and gatifloxacin respec-
tively.

3.6. Effect of Interferences

For evaluation of the selectivity of the proposed method
for the analysis of pharmaceutical preparations contain-
ing the selected FQs, the interferences effect of various
pharmaceutical additives such as glucose, fructose, lac-
tose, sucrose, sorbitol, magnesium stearate, sodium cit-
rate, methyl cellulose, talc and starch was studied. Solu-
tions containing moxifloxacin and one of the excipients
taken separately in concentrations five, ten and fifty
times greater than that of the selected FQs were analyzed
by the proposed method. A level of interference was
considered to be acceptable if the error was not higher
than 3% relative to the expected value of drug. The re-
sults indicated that there was no significant interferences
effect by the excipients studied on the fluorimetric be-
haviour of the drugs (Figure 7). Fluorimetric behaviour
of the CT complex of the selected FQs and CL acid was
also investigated in the presence of some common ca-
tions typically found in urine and blood plasma. The
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fluorescence intensity of the complex was found free
from the interferences effect of these ions except Ca*"
and Mg®" which decrease fluorescence behaviour of the
selected FQs at concentration level greater than 300
pg-mL™" (Figure 8). This decrease in fluorescence inten-
sity is mainly due to complex formation of the reagent
with these cations at higher concentration. The major
constituents of urine such as urea, uric acid etc. also do
not have any interference effect on the method. Fluores-
cence intensity of the CT complex of the selected FQs
and CL acid was measured in the presence of compounds
occurring in urine and found good percent recovery
(Figure 9). Mostly antibiotics are not given alone, some
antipyretic, analgesic or vitamins are also given along
with the antibiotics to the patient and thus effect of the
presence of these co-administered drugs on the determi-
nation of the selected FQs was investigated. It was ob-
served that the studied co-administered drugs do not af-
fect fluorescence behaviour and therefore, good percent
recovery was obtained (Figure 10).

3.7. Precision and Accuracy

The precision and accuracy of the proposed method was

105
z
e
2z
S 100 o
] el
:
5 95 i
e i
g 2
& 90
Q & & & F N P
& & < @é & @& & ‘b“b {6‘) \é\e
& Q‘o o AP © &® bC/ Cz}
@Q} %o @.
©1:00 B1:05 E1:10 m1:50

Figure 7. Interferences effect of common excipients on %
recovery of levofloxacin (1.0 pg-mL™") using the proposed
method.
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Table 1. Optical parameters for the spectrofluorometric determination of the selected fluoroquinolones by the proposed me-

J.SHAH ET AL.

thod.
Value
Characteristics
LEV MOX CPFX GAT
Aex (nmM) 285 292 330 285
Aem (NM) 485 492 445 473
Concentration range (ng-mL™") 60 - 320 20 - 800 20 - 1000 20 - 1000
LOD (ng-mL™") 12 8 5 6
LOQ (ng'mL™") 40 19 18 19
Regression equation (y) 58.37x + 1.17 68.77x +0.95 71.04x +0.93 7031x +0.97
Slope (b) 58.37 68.77 71.04 70.31
Intercept (a) 1.17 0.95 0.93 0.97
Correlation coefficient 1 0.9929 0.9952 0.9975
Relative standard deviation (%) 7.79 6.20 6.90 6.36
110 A in the range of 96.0% + 1.98% to 100.2% =+ 1.22% for
- different brands of the selected fluoroquinolones which
z indicates a good accuracy.
5100 EX N _— N
. N N K \ 1:00 .
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= EN N HN N i
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Q 0@% Y@b q,é“b q&\b '&,\\6 eries obtained were in the range of 97.0% = 2.09% to
\}@& & @q,\“ 100.5% + 2.44% (Table 3) which shows a good accuracy
> . .
© SN of the proposed method for determination of the selected

Figure 9. Effect of common compounds occurring in human
urine samples on determination of levofloxacin (0.5
pg-mL™).
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Figure 10. Effect of co-administered drugs on determina-
tion of levofloxacin using the proposed method (0.5
pgmL™).

checked by determining the selected fluoroquinolones in
replicate for each concentration within the linear range of
concentration. The results are summarized in Table 2.
The relative standard deviation (RSD) considered being
very satisfactory and the recovery test were found to be
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fluoroquinolones in commercial pharmaceutical prepara-
tions. The proposed method has been successfully ap-
plied for the determination of the drugs in commercial
preparations (tablets, infusion and eye drops) and the
results were evaluated statistically using student t-test.
For all the formulations examined, the results obtained
for pharmaceutical dosage forms (Table 4) were in good
agreement with the label claimed value.

3.9. Analysis of Spiked Urine and Plasma
Samples

Good percent recoveries obtained by the proposed me-
thod indicated the possibility of its application for the
quantification of the selected fluoroquinolones in urine
and plasma samples. Fluoroquinolones are orally or pa-
rentally administered at doses of 400 mg once a day,
which results in plasma level of concentration of about
0.3 to 3.0 pg'mL™". For accurate determination of these
drugs in biological samples, standard addition method
was used for quantitative determination of the selected
fluoroquinolones in urine and plasma samples. The re-
sults of the recovery from urine and plasma samples by
the proposed method are given in Tables 5 and 6 respec-
tively. The results obtained were satisfactorily precise,
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Table 2. Evaluation of accuracy and precision of the proposed method for the determination of selected fluoroquinolones.

Sample Amount taken (ng'mL™") Amount found (ug-mL™") Recovery = RSD

0.100 0.099 99.0 + 1.66

Levoxin (500 mg/tab) 0.200 0.198 99.0 £ 1.86
0.400 0.400 100.0 + 1.52

0.100 0.096 96.0£2.12

Levotril (250 mg/tab) 0.200 0.198 99.0+£2.13
0.400 0.396 96.6 £2.72

0.100 0.100 100.0£1.18

Levobac (500 mg/tab) 0.200 0.197 98.5+1.32
0.400 0.399 99.7 +0.86

0.100 0.099 99.0 £ 1.56

Levflox (500 mg/100mL) 0.200 0.200 100.0 + 1.33
0.400 0.400 100.0 + 1.69

0.100 0.098 98.0£2.17

Moxibact (400 mg/tab) 0.200 0.197 98.5+1.93
0.400 0.398 99.5+1.92

0.100 0.096 96.0 +1.98

Moxiget (400 mg/tab) 0.200 0.198 99.0 +1.92
0.400 0.399 99.8 £1.96
0.100 0.100 100.0 +2.06

Moxibact (400 mg/250mL) 0.200 0.199 99.5+1.89
0.400 0.401 100.3 +1.92

0.100 0.099 99.0 +1.15

Megamox (0.5%) 0.200 0.201 100.5+1.13
0.400 0.401 100.3 +1.22
0.100 0.100 100.0 £ 2.08

Ciproxin (500 mg/tab) 0.200 0.197 98.5+2.12
0.400 0.397 99.3£2.06

0.100 0.097 97.0£2.61

Mytil (500 mg/tab) 0.200 0.198 99.0+1.81
0.400 0.396 99.0 +£2.59

0.100 0.096 96.0+2.10

Ciprax-500 (500 mg/tab) 0.200 0.196 98.0+2.11
0.400 0.397 99.3+1.02

Copyright © 2013 SciRes. AJAC
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Table 3. Evaluation of recovery (%) of the selected drugs from commercial formulations by the proposed method.

J.SHAH ET AL.

Sample Sample (ng-mL™") Added (ng-mL™) Found (pg-mL™) Recovery (%) = RSD

0.100 0.297 97.0 £2.09

Levoxin (500 mg/tab) 0.2 0.200 0.399 99.5+2.11
0.400 0.601 100.2 +£2.16

0.100 0.294 94.0 £ 1.85
Levotril (250 mg/tab) 0.2 0.200 0.401 100.5+1.79
0.400 0.596 99.0+1.91
0.100 0.300 100.0 £2.22

Levobac (500 mg/tab) 0.2 0.200 0.397 98.5+2.19
0.400 0.603 100.8 +2.26

0.100 0.300 100.0 + 1.73
Levflox (500 mg/100mL) 0.2 0.200 0.401 100.5 + 1.69
0.400 0.600 100.0 + 1.69

0.100 0.297 97.0+1.53

Moxibact (400 mg/tab) 0.2 0.200 0.395 97.5+1.47
0.400 0.598 99.5+1.55

0.100 0.299 99.0 +£2.68

Moxiget (400 mg/tab) 0.2 0.200 0.400 100.0 +2.63
0.400 0.599 99.8 £2.77

0.100 0.300 100.0 + 1.83

Moxibact (400 mg/250mL) 0.2 0.200 0.399 99.5+1.87
0.400 0.603 100.8 + 1.88

0.100 0.299 99.0 £2.36
Megamox (0.5%) 0.2 0.200 0.401 100.5 £2.44
0.400 0.601 100.3 +£2.52
0.100 0.300 100.0 +1.17

Ciproxin (500 mg/tab) 0.2 0.200 0.398 99.0+1.28
0.400 0.597 99.2+1.11

0.100 0.299 99.0 + 1.68

Mytil (500 mg/tab) 0.2 0.200 0.399 99.5+1.73
0.400 0.596 99.0 + 1.44

0.100 0.298 98.0+1.73

Ciprax-500 (500 mg/tab) 0.2 0.200 0.399 99.5 £ 1.66
0.400 0.596 99.0 £ 1.79

Copyright © 2013 SciRes. AJAC
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Table 4. Determination of active ingredients in the commercial formulations using the proposed method.
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Active ingredient

t test value

Brand name

Labeled value Found value (2.306)
Tab. Levoxin (mg/tab) 500 497.18 £ 0.25 0.15
Tab. Levotril (mg/tab) 250 251.86 £0.19 0.11
Tab. Levobac (mg/tab) 500 492.77+0.13 0.45
Inf. Levflox (mg/100mL) 500 501.32+0.25 0.19
Tab. Moxibact (mg/tab) 400 399.13+£0.19 0.21
Tab. Moxiget (mg/tab) 400 397.92+£0.13 0.29
Inf. Moxibact (mg/250mL) 400 400.25+0.25 0.11
Megamox eye drops (mg/100mL) 500 500.11£0.19 0.17
Tab. Ciproxin (mg/tab) 500 497.33£0.13 0.33
Tab. Mytil (mg/tab) 500 495.99 +0.25 0.51
Tab. Ciprax-500 (mg/tab) 500 494.47+0.19 0.49

Table 5. Spectrofluorometric determination of levofloxacin
in spiked urine by the proposed method.

Spiked urine

Sample

An(n:;nntﬂaigilc)led A[?:gu.l::l{q?)nd Recovery £ RSD
0.50 0.50 100.0 £ 1.73
Urine 1.00 1.00 100.0 + 1.64
1.50 1.50 100.0 £ 1.56

Table 6. Spectrofluorimetric determination of levofloxacin
in spiked plasma by the proposed method.

Spiked plasma
Sample  Amountadded  Amount found
- _ Recovery = RSD
(ng'mL™) (ng-mL™) y
0.50 0.50 100.0 £ 1.26
Plasma 1.00 1.002 100.2 +£1.29
1.50 1.50 100.0£1.15

accurate and the method can be used for determination of
the drugs concentration in biological samples in clinical
analysis.

4. Conclusion

The proposed spectrofluorimetric method is based on
monitoring the fluorescence intensity of the charged-
transfer (CT) complex formed between chloranilic acid
and ciprofloxacin, levofloxacin, gatifloxacin and moxiflox-
acin at 445 nm, 485 nm, 473 and 492 nm using an excita-
tion wavelength of 330 nm, 285 nm, 285 nm and 292 nm
respectively. The proposed method is simple, fast, sensi-
tive and accurate. The results obtained for recovery, pre-
cision and accuracy show that the proposed method
could be successfully used for quantification of the se-
lected fluoroquinolones in commercial formulations and

Copyright © 2013 SciRes.

biological samples. Common excipients used as additive
in pharmaceutical preparations, some common cations
and compounds present in urine and plasma and co-ad-
ministered analgesic, vitamins and other drugs do not
interfere with the method.
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