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1. Introduction

Norfloxacin,1-ethyl-6-fluoro-1,4-dihydro-4-oxo-
7-(1-piperazinyl)-3-quinolone carboxylic acid, is
one of the broad-spectrum fluoroquinolone syn-
thetic antibiotics [1] which was developed during
the last decade. Quinolones are active against
many gram-positive and gram-negative bacteria
[2]. Norfloxacin finds widespread use in the treat-
ment of urinary tract infections [3].

Norfloxacin (NOR) and its tablets are listed in
the USP XXIII [4], and the European Pharmaco-
poeia 1997 [5]. The USP XXIII described an
HPLC method for norfloxacin determination in
its tablet form, while the European Pharmaco-
poeia used a non-aqueous titration procedure us-
ing perchloric acid as titrant. The analytical
profile of norfloxacin and a significant number of
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references for its determination in pharmaceutical
dosage forms and biological fluids have been pub-
lished [6]. Norfloxacin is generally determined in
biological fluids by high performance liquid chro-
matographic (HPLC) [7-10] and by microbiologi-
cal methods [11]. Several analytical methods were
reported for the determination of norfloxacin in
pharmaceutical dosage forms. These methods in-
clude direct spectrophotometry [12], ion pair for-
mation [13]and after reaction with ferric ion [14]
or p-benzoquinone [15]. Other methods for quan-
titating norfloxacin comprise HPLC [16-18],
fluorimetry [19-21], titrimetry [22] and differen-
tial scanning potentiometry [23].

In aqueous borate buffer, the 2,4-dini-
trofluorobenzene (DNFB) or Sanger’s reagent, as
an activated halide, has been used for the determi-
nation of amines, phenols and thiols to yield
intensely yellow colored substances, which permits
their spectrophotometric determination [24]. At
the same time and in dipolar aprotic solvent, the
DNFB reagent, as a dinitrophenyl derivative, has
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been found to react with different amines to pro-
duce a Meisenheimer-type complex [25].

The norfloxacin molecule features a piperazine
ring, at the 7th position of the quinolone car-
boxylic acid, which contains tertiary and sec-
ondary amine groups. This structure suggests the
possibility of utilizing the DNFB reagent as a
chromogenic agent, for the determination of
norfloxacin in its pharmaceutical tablets, in
aqueous borate buffer and in dimethyl sulphoxide
(DMSO) as an aprotic polar solvent. The objec-
tive of the present work was, therefore, to develop
a fast and direct spectrophotometric method for
the determination of norfloxacin in tablets. The
experimental conditions were studied and incor-
porated into the procedures. The proposed proce-
dures have been successfully applied to the
analysis of pharmaceutical tablets and the results
obtained have been statistically compared with
those obtained using the official method (USP
XXIIT [4)).

2. Experimental
2.1. Materials and methods

Norfloxacin (Chem Iberica, Barcelona, Spain)
was obtained from Pharco Pharmaceutical (Alex-
andria, Egypt) and has been certified to contain
98.50%. The powder was used without further
purification. The commercial tablets containing
norfloxacin (400 mg per tablet) were bought from
the local market. Acetone, DMSO, and sodium
tetraborate (borax) were analytical reagent grade
and were purchased from BDH (Poole UK). The
DNFB (Hopkin & Williams, Essex, UK) was
prepared as a 1.3% v/v stock solution in acetone
for procedure I and as a 0.2% v/v working solu-
tion in DMSO for procedure II. The aqueous
working reagent was prepared by diluting the
stock acetone solution in a ratio of 1:10 with
borate buffer of pH 9. The reagents were pro-
tected from light and stored in a refrigerator.
Norfloxacin standard solutions were prepared as
500 pg ml~! solutions in distilled water (proce-
dure I) and as a 100 pg ml ~! solution in DMSO
(procedure II). The decolorizing solution was pre-

pared as 0.5 M solution from a saturated solution
of hydrochloric acid gas in dioxan.

Spectral measurements were taken with a
Perkin-Elmer Model 550S spectrophotometer
(Norwalk, CT) using 1-cm pathlength quartz cu-
vettes. The spectrophotometer was attached to a
Hitachi Model 561 recorder with a scan speed of
60 nm min~'. A thermostated water-bath, accu-
rate to + 0.5°C, was utilized throughout.

2.2. Treatment of analytical data

Sandell’s sensitivity is the concentration of the
drug (ug ml—") which gives 0.001 absorbance [26].
The R.S.D. of the slope [27] is:

Sp rer (70) = (S, /b) x 100
The detection limit [27] (DL) is:

V(S5 —2/n—1D)ip/b

where #n is the numbers of values, #p is the value of
the Student ¢-test at P =0.05 level of significance
and n —2 degree of freedom; b is the slope, and
S2 is the variance characterizing the dispersion of
the points with respect to the regression line.

2.3. General procedures

2.3.1. Procedure 1

From the aqueous norfloxacin stock solution,
0.2-0.8 ml (in 0.1-ml increments) was pipetted
into a 10-ml volumetric flask and the volume was
brought to 1 ml with distilled water. Then 0.6 ml
of DNFB working solution in borate buffer was
added. The mixture was heated for 20 min at
60°C in a water-bath. After cooling, 2 ml of acidic
dioxan was added to all the flasks. The volume
was completed using dioxan. The absorbance of
the yellow solution was measured at 365 nm
against a similarly treated DNFB blank solution,
where distilled water was used instead of norflox-
acin solution.

2.3.2. Procedure I

From the DMSO stock norfloxacin solution,
0.2-0.8 ml (in 0.1-ml increments) was pipetted
into a 10-ml volumetric flask. Then 0.5 ml of
DMSO stock solution of DNFB was added. The
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mixture was diluted to the flask mark with
DMSO. The absorbances of the developed color
were measured at 410 nm against DNFB blank
and replacing norfloxacin with DMSO.

2.3.3. Preparation of sample solution

Ten tablets each labeled to contain 400 mg
substance were carefully weighed and powdered.
A quantity of the powder equivalent to 25 or 5
mg norfloxacin was transferred to a 50-ml volu-
metric flask using distilled water or DMSO for
procedure I and II, respectively. The volume was
adjusted to 50 ml with either distilled water or
DMSO, shaken mechanically for 30 min and
filtered through analytical filter paper. The first 10
ml was rejected. It is further treated as described
above for both procedures.

3. Results and discussion

The analytical applications of 2,4-dinitro-1-
fluorobenzene (DNFB) in the assay and charac-
terization of amines have been established by
Conner [24]. The reagent had been used to quanti-
tate primary and secondary amines [28—32]. The
DNFB, or Sanger’s reagent, as an active aryl
halide reacts with primary or secondary amines in
aqueous alkaline medium to form a yellow col-
ored product and this type of reaction was consid-
ered a nucleophilic aromatic substitution reaction
[24]. In addition to such ‘end group’ reaction
analysis, the DNFB forms a colored Meisen-
heimer complex upon the interaction with basic
compounds (amines) in dipolar aprotic solvent

(DMF or DMSO) [33-35].
3.1. Method I

The fact that the norfloxacin molecule features
a piperazine ring in the 7th position of its pyri-
done carboxylic acid structure and two tertiary
amines suggested the possibility of using DNFB
to increase the sensitivity of NOR spectrophoto-
metric measurements. As the NOR molecule con-
tains both a secondary and tertiary amino group,
it was thought useful to analytically compare the
use of the reagent in both aqueous alkaline or in
aprotic solvent medium. Secondary amines react
with excess DNFB to form a yellow product of
DNB-amine. In the case of NOR, the end product
is 2,4-dinitrobenzene-NOR (Scheme 1).

According to the literature, the substitution re-
action of DNFB with amines was carried out in
alkaline medium. So, the reaction was investi-
gated over the pH range 810 in either bicarbon-
ate or borate medium. The study showed that the
reaction product possesses the highest absorption
in borate buffer of pH 9 (Fig. 1). The wavelength
of maximum absorption of 2,4-DNB-NOR was
365 nm (Fig. 1). The wavelength of maximum
absorbance agrees with values reported in the
literature for the formation of such product be-
tween amines and DNFB. To get ride of the
excess reagent interference in the absorbance mea-
surements of the reaction product, the excess
reagent is hydrolyzed to the colorless 2,4-dinitro-
phenol using hydrochloric acid. The exact volume
of the acid necessary to discolor the excess of
DNFB was determined. The volume was estab-
lished as 2 ml of 0.5 M hydrochloric acid, and
larger volumes were found to have no effect on
the absorbance. In order to obtain the highest and
most stable absorbance, the effects of the reaction
time and heating temperature on the absorbance
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of the reaction product were studied. The reaction
was carried out at different temperatures (ambient
(20°C), 60 and 70°C) using a thermostated water-
bath for periods ranging from 10 to 45 min.
Maximum and constant absorbance was obtained
at 60°C after 20 min. The effect of the reagent
concentration on the developed color was also
investigated and 0.6 ml of the reagent was found
sufficient to develop full color intensity. A
reagent/substance ratio of 20:1 was found to be
suitable. The colored product was stable for at
least 30 min. Acetone, acetonitrile, methanol and
dioxan were tried as diluting solvents. With the
first two solvents the reproducibilities were
poorer. Methanol and dioxan gave good results.
Dioxan was preferred because the decolorizing
solution was prepared in dioxan.

3.2. Method II

Nitro compounds are known to give interesting
colors with amines in different polar media. The
amine acts as base when it is added to polynitro-
aromatic compounds. A proton transfer from the
polynitro compound (DNFB) to the base was
apparently responsible for the color formation. In
aqueous and alcoholic solutions, DNFB does not
react instantaneously with the amine (NOR), al-

though it would presumably be quite an efficient
proton acceptor. An early study has shown that
dipolar aprotic solvents (DMSO) stabilize the
conjugate base of the polynitro derivatives. The
studies showed that a Meisenheimer-type complex
was proposed for this color formation (Scheme 2).
Preliminary studies were carried out using 2.4-
dinitrophenol, 3,5-dinitro-benzoic acid and 2,4-
dinitrofluorobenzene. The best results were
obtained using the 2,4-DNFB. The visible spectra
of NOR and the polynitro aromatic derivatives in
DMSO are shown in Fig. 2. The color was formed
instantaneously between NOR and DNFB, and a
large excess of the reagent, 5x 10~* M in the
final solution, was used. The large excess was
essential to force the equilibrium between the
drug and the reagent to the right. Moreover, the
stoichiometry of DNFB to NOR using Asmus
method [36] showed a ratio of 1:1. The stability of
the Meisenheimer complex was mainly due to the
higher solvation of the complex in DMSO than in
any other polar solvent (water or alcohol). The
formation of a stable Meisenheimer complex
[NOR-DNFB] was used to quantitate NOR in
tablets.

As the complex has been formed instanta-
neously after the addition of the reagent and at
ambient temperature, so the formation of the
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Fig. 1. Absorption spectra of the colored product formed
through either the reaction of NOR (35 pg ml—!) and DNFB
in bicarbonate buffer (_.._..) and in borate buffer pH 8 (---),
9(——),and 10 (_._._.).

complex will only be affected by the reagent con-
centration. It was found that 0.5 ml of 0.2% v/v
DNFB in DMSO gave the highest absorbance.
The Meisenheimer colored complex was found to
be stable for 45 min.

In the above experimental conditions, the cali-
bration graphs obtained from both methods, by

plotting absorbance at the specified wavelengths
against concentrations, were found to be linear
over the Beer’s law ranges given in Table 1. The
molar absorptivities, limits of detection, vari-
ances, slopes, intercepts and correlation coeffi-
cients obtained by linear least squares treatment
of the results are also given in Table 1. The
excellent linearity of the calibration graphs is
clear from the correlation coefficients and at the
same time, the intercepts are close to zero. The
values of the correlation coefficients were not
sufficient to evaluate the linearity of the calibra-
tion graphs. The linearity was evaluated by the
R.S.D. (%) of the slope (S, .. (%)) [27] (Table
1).The values of the detection limits and vari-
ances are evidence of the sensitivity of both
methods and the negligible scatter of the points
with respect to the line of regression.

Table 1
Optical characteristics and statistical data for the regression
equations

Parameter Substitution Meisenhiemer
reaction complex
(Procedure 1) (Procedure 1I)
Concentration 10-40 2-8
range (pug ml—1)
Apparent molar 7.19x 103 3.64 x 10*
absorptivity (1
mol~! cm™1!)
Sandell’s sensitiv- 4.55x1072 8.89x 103
ity (ng ml™!
per 0.001 A)
Regression
equation
Intercept (a) —1.09x10~2 —7.30x1073
t S, 1.29x 102 3.09x 1072
Slope () 2.25x1072 1.14x 1072
tS,° 5.09%x 107 4.61x1073
Correlation 0.9999 0.9996
coefficient (r)
Variance (52) 1.485x 1073 1.286x 10—
Linearity 0.710 1.455
(Sp re1 %0)°
Detection limit 0.4711 0.2741
(ng mi~")

# Confidence intervals of the intercepts (P = 0.05).
® Confidence intervals of the slopes (P = 0.05).
¢ Linearity is the R.S.D. of the slopes.



1074 A.F.M. El Walily et al. /J. Pharm. Biomed. Anal. 21 (1999) 1069-1076

Table 2
Evaluation of the accuracy and precision of the two proposed procedures
Proposed method Added? Found + S.D.P R.S.D.% S.AE* Confidence limitd
Procedure (I) 20.00 20.01 +0.058 0.29 2.59%x 1072 0.072
30.00 30.03 +£0.074 0.25 3.31x1072 0.092
40.00 40.01 £ 0.038 0.09 1.70x 102 0.047
Mean 0.057 0.21 2.53x1072
Procedure (II) 2.00 2.00 +0.021 1.05 9.39x 1073 0.026
4.00 4.02 +0.031 0.77 1.39x 102 0.014
6.00 6.01 +0.040 0.68 1.83x 1072 0.051
Mean 0.031 0.83 1.39x 102

@ Concentration in ug ml~! (final concentration).

b Mean + S.D. for five determinations.

¢S.A.E., standard analytical error.

4 Confidence limits at P = 0.05 and four degrees of freedom.

Table 3
Determination of norfloxacin in commercial tablets using the proposed procedures compared statistically with an official method
(USP XXIII)

Name of formulation Recovery (CV%)*
Proposed procedures Official method®
Procedure 1 Procedure II

Spectrama tablets® (BN 1626) 99.58 (1.19) 98.55 (1.49) 99.58 (1.19)
t=0.26 t=141°
F=1.08 F=1.274

Noroxin tablets (BN 972071) 100.34 (0.71) 99.85 (1.11) 100.89 (1.02)
t=0.98 t=1.53
F=2.06 F=1.17

Neofloxin tablets (BN 6055009) 97.28 (0.66) 97.52 (0.61) 97.73 (0.48)
t=1.26 t=0.62
F=1283 F=155

Norbactin tablets (BN 101) 97.83 (1.37) 97.64 (1.29) 97.50 (1.35)
t=10.40 t=0.17
F=1.03 F=1.10

Noracin tablets (BN 395174) 99.50 (0.83) 99.39 (0.95) 99.45 (1.26)
t=0.07 t=10.08
F=2.32 F=1.76

4 Mean + S.D. of five determinations.

® USP XXIII procedure.

¢ Tabulated ¢-value for P =0.05 and eight degrees of freedom is 2.306.

d Tabulated F-value for P =0.05 and f1 =2 =4 is 6.39.

¢ All the norfloxacin tablets were labelled to contain 400 mg per tablet; Spectrama tablets, product of Amoun Pharmaceutical
Industries (El Salam City, Egypt); Noroxin tablets manufactured by EIPICO (10th of Ramadan City, Egypt) under licence from
Merck, Sharp & Dohme (New York, USA); Neofloxin tablets product of Alexandria Co. for Pharmaceutical and Chemical
Industries (Alexandria, Egypt); Norbactin tablets manufactured by CID Pharmaceutical Co. under licence from Ranbaxy, India;
Noracin tablets manufactured by Memphis Chemical Co. (Cairo, Egypt).
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Fig. 2. Absorption spectra of the Meisenheimer complex
formed between NOR (6 pug ml—!) and 2,4-dinitrofluoroben-
zene (— —), 2,4-dinitrobenzoic acid (_._._) and 2,4-dinitro-
phenol (---).

In order to determine the accuracy and preci-
sion of both procedures, solutions containing
three different concentrations of NOR were pre-
pared and analyzed in five replicates. The ana-
lytical results obtained from the investigation are
summarized in Table 2. The mean S.D., the
R.S.D. (%) and the mean standard analytical
error (S.A.E.) can be considered to be very
satisfactory.

Table 3 shows the results obtained for the

determination of NOR in pharmaceutical tablets
by both proposed methods and the reference
method. For comparison, NOR was determined
using the USP XXIII procedure. There were no
significant differences between the two sets of
results. Tablet excipients, such as starch, methyl-
cellulose, avicel, talc and magnesium stearate,
did not interfere.

4. Conclusion

Under the experimental conditions described,
the linearity was best in procedure I (substitu-
tion reaction) and the second procedure
(Meisenhiemer complex) was the most sensitive.
The data in Tables 1 and 2 indicate rectilinear-
ity, precision and reproducibility of the proposed
procedures. Other techniques such as HPTLC,
GLC and HPLC may also give good results but,
because of the low cost and ease of carrying out
the spectrophotometric methods, the proposed
procedures are likely to be very suitable for the
analysis of norfloxacin in tablet dosage form.

Norfloxacin produced stable colors, peaking at
365 and 410 nm, respectively. The colors pro-
duced obey Beer’s law in the range of 10-40
and 2-8 pg ml—!, respectively. The procedures
described were applied successfully to the deter-
mination of norfloxacin in tablets dosage form.
The results showed that the proposed procedures
compared favorably with the reference method
(USP XXIII [4]) and satisfactory sensitivity, ac-
curacy and precision were noted. Detection lim-
its were 047 and 027 pg ml—! for each
procedure, respectively.
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