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This work proposes a sequential injection analysis (SIA) system for the spectrophotometric determination of norfloxacin

(NOR) and ciprofloxacin (CIP) in pharmaceutical formulations. The methodology was based on the reaction of these drugs with

p-(dimethylamino)cinnamaldehyde in micellar medium, producing orange colored products (A,

=495 nm). Beer’s law was obeyed

‘max

in the concentration range from 2.75x10 to 3.44x10~*mol L' and 3.26x107 to 3.54x10~* mol L' for NOR and CIP, respectively
and sampling rate was 25 h''. Commercial samples were analyzed and results obtained through the proposed method were in good
agreement with those obtained using the reference procedure for a 95% confidence level.
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INTRODUCTION

Ciprofloxacin (CIP) (1-cyclopropyl-6-fluoro-1,4-dihydro-4-
ox0-7-(1-piperazinyl)-3-quinoline carboxylic acid)! and norfloxacin
(NOR) (1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolone carboxylic acid)? are compounds from the fluoroquinolone
family.? This group comprises a series of broad-spectrum synthetic,
antibacterial agents derived from nalidixic acid and their antibacterial
spectrum includes activity against both Gram-positive and Gram-ne-
gative bacteria.*® These compounds are effective in systemic therapy,
being used in the treatment of prostatitis, respiratory infections and
sexually transmitted diseases.

Several analytical methods have been reported in the literature
for determining CIP and NOR in pharmaceutical formulations and/or
biologic fluids using techniques such as spectrophotometry,®’ charge
transfer complex formation,*® derivative UV spectrophotometry,'*!!
high performance liquid chromatography,'>'* capillary electrophore-
sis,'*1¢ fluorescence,'” immunoassay,'® flow injection analysis,'*?* and
SIA.? However, many of these methods present low selectivity,!*!!
are time-consuming,%’® involving the use of organic solvents %1217
or require expensive instruments'>'® and for these reasons they are
not suitable for routine analysis. Thus, there is an important demand
for simple, low-cost, sensitive and rapid alternative methods for the
determination of CIP and NOR in pharmaceuticals.

Automatic methods based on flow injection analysis (FIA) have
also been proposed using detection techniques such as spectropho-
tometry'*? and chemiluminescence.?"* To the best of our knowledge,
only one SIA method exists for the determination of CIP and NOR in
pharmaceutical formulations.” The method is based on the complex-
ation reaction of the drugs with iron (III) in sulphuric acid media using
spectrophotometric detection and focuses mainly on theoretical studies
that demonstrate the versatility of the SIA technique for determining
stoichiometries and stability constants. SIA was developed by Ruzicka
and Marshall* as an alternative procedure to FIA, offering significant

*e-mail: pezza@iq.unesp.br

advantages in terms of manifold simplicity, robustness, low reagent
consumption and reduced effluent production. The unique mode of
operation of the SIA technique (based on flow reversal) makes it an
excellent tool for automating routine procedures since it permits pre-
cise control of the reaction conditions. Moreover, effective computer
control of the most relevant analytical parameters at run-time ensures
high operational flexibility and reproducibility, allowing controlled
determinations that demand precise control of flow conditions to be
implemented. A review detailing the application of SIA in pharmaceuti-
cal analysis was published by Pimenta et. al,® which describes a short
historical background of this technique as well as a brief discussion
of its basic principles and potential. Current applications of SIA in
pharmaceutical analysis are also described and discussed.

The present work describes the development and application of
a simple, low cost SIA-spectrophotometric method for quantitative
determination of CIP and NOR in pharmaceutical formulations.
The method is based on the reaction of these compounds with p-
(dimethylamino)cinnamaldehyde (p-DAC) in acid medium in the
presence of the anionic surfactant sodium dodecyl sulfate (SDS)
producing orange colored compounds (A, = 495 nm).

By implementing the determination of CIP and NOR into a STA
system, it was intended to provide a fast, automatic and robust method
suitable for routine quality control that could provide an expeditious
alternative to existing methods for the same purpose.

EXPERIMENTAL
Apparatus

A Jenway 6300 spectrophotometer equipped with a flow-cell of
10 mm path length and 18 pL inner volume was used for monitoring
the absorbance.

The SIA system (Figure 1) consisted of a Gilson Minipuls 3
peristaltic pump (Gilson, Villiers-le-Bel, France), equipped with a
Tygon® pumping tube (1.30 mm i.d.) and a 10-port multiposition
Vici Valco selection valve.
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Figure 1. Schematic representation of the SIA manifold used: C, carrier
(solution of HCI 5.0 x 10 mol L"'); PP, peristaltic pump; HC, holding coil
(4.0 m and 0.8 mm i.d); SV, selection valve; RC, reaction coil (1.0 m and 0.8
mm i.d); D, detector (A = 495 nm); W, waste

Manifold components were connected by means of polytetra-
fluorethylene (PTFE) tubing of 0.8 mm i.d. which was also used for
the holding and reaction coils. A thermostatically-controlled water
bath was used to keep the temperature of the reaction coil constant.

Analytical system control, including the operation of the peristal-
tic pump and selection valve was achieved by means of a Pentium-I
based microcomputer. Software was developed in Microsoft Quick-
Basic and permitted control over flow rate, flow direction, valve
position as well as sample and reagent volume.

The analytical signals for optimization and data acquisition were
recorded on a Kipp & Zonen BD 111 strip chart recorder.

Reagents and analytical solutions

High purity deionized water with a specific conductance < 0.1 uS
cm’! obtained by using a Milli-Q Plus system was used throughout.
All reagents were of analytical grade.

Stock solutions of HC1 1.0 mol L' and sodium dodecy] sulfate
(SDS) (Sigma-Aldrich) 0.10 mol L"! were prepared in water.

A solution of p-(dimethylamino)cinnamaldehyde (p-DAC)
(Sigma-Aldrich) 0.20% (m/v) was obtained by dissolving 100 mg
of solid in 3 mL of HCI 1.0 mol L. The final volume was adjusted
in a 50 mL volumetric flask with water. The resulting solution was
stable for a period of 2 weeks when refrigerated (4 °C).

Pharmaceutical grade ciprofloxacin hydrochloride (purity 100.0
%) and norfloxacin (purity 99.84%) were purchased from Purifarma
(Brazil) and stock solutions of CIP 1.24 x 10 mol L' and NOR 1.50
x 10 mol L were used. The solutions were prepared separately by
dissolving 12 mg of solid in 0.20 mL of HCI 1.0 mol L' and adjusting
the volume in a 25 mL volumetric flask with water. Working standard
solutions were prepared by appropriate dilution of the stock solutions
in SDS 0.010 mol L.

SIA procedure

Table 1 summarizes the optimized analytical cycle for the
determination of CIP and NOR in a SIA system. The cycle
started with the aspiration of 150 UL of reagent to the holding
coil (HC, Figure 1) at a flow rate of 1.0 mL min (Step 1, Table
1). Sequentially, 233 uL of sample were aspirated to the HC at a
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flow rate of 0.5 mL min! (Step 2, Table 1). By flow reversal, the
reaction zone was directed for detection at a flow rate of 2.0 mL
min’'. After 20 s the flow was stopped (Step 3, Table 1) and the
reaction zone was maintained in the reaction coil (RC, Figurel),
which was submersed in a thermostatically-controlled bath at 40
°C for 45 s (Step 4, Table 1). After the stop period, the formed
product was sent for detection at a flow rate of 3.0 mL min™!' (Step
5, Table 1). The passage of the colored product through the flow
injection spectrophotometric cell results in a transient signal that
is recorded as absorbance at 495 nm, which is proportional to the
concentration of CIP and NOR in the sample.

Table 1. Analytical cycle used for the determination of norfloxacin and
ciprofloxacin

Step Position Time Flowrate Volume
(s) (mLmin") (uL)

Description

1 1 9 1.0 150 Aspiration of reagent
2 2-9 28 0.5 233 Aspiration of sample
3 10 20 2.0 - Propulsion to the ther-
mostatically-controlled
reactor
4 10 45 0 - Stopped-flow
5 10 55 2.5 - Propulsion to the detector

Reference method

With a view to carrying out a comparative evaluation, the sam-
ples analyzed by the developed procedure were also analyzed by the
reference methodology recommended by the US Pharmacopoeia,’
consisting of a HPLC method with UV detection.

Sample preparation

Commercial pharmaceutical formulations readily available in
Brazil and Portugal, containing varying quantities of CIP or NOR
drawn from different batches and brands were analyzed by both the
proposed and reference methods.

Fourteen tablets from each pharmaceutical brand were precisely
weighed before being ground to a fine powder and homogenized.
Portions of this powder were then used for preparing the samples to
be analyzed by each method.

Regarding analysis by the developed SIA methodology, a portion
of powder equivalent to approximately 45 mg of drug was accurately
weighed. The sample was then dissolved in 1.0 mL of HC1 1.0 mol L™
and 20 mL of water before being transferred to a 50 mL volumetric
flask. The mixture was sonicated for 5 min and the volume completed
with water. In the following step, the obtained solution was filtered
through a Whatman 41 filter-paper and a 0.50 mL aliquot of the filtrate
was diluted in SDS 0.010 mol L. Samples were then analyzed by
the developed SIA procedure.

The samples to be analyzed by the HPLC reference procedures
were prepared according to the official procedure described in US
Pharmacopoeia.”

RESULTS AND DISCUSSION

The following describes all studies conducted to optimize the phy-
sical and chemical parameters involved in the determination of CIP
and NOR in the SIA automatic system. Additionally, it summarizes
the results obtained from analysis of the pharmaceutical formulations
and their validation.
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Preliminary tests

It is known that aromatic primary and secondary amines can
react with p-DAC in acid medium. This reaction takes place via the
condensation of the protonated primary amino group with the car-
bonyl group of the reagent to produce an imminium salt.”’? Batch
studies performed before the implementation of the reaction in the
SIA system allowed us to confirm that both CIP and NOR react with
p-DAC in acidic medium to form an orange colored product that can
be detected at 495 nm. The probable mechanism for this reaction is
shown in the Scheme 1, which is to large extent based on reactions
suggested in the literature.””?
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Scheme 1. Proposed mechanism of the reaction between norfloxacin and
p-DAC in medium acid

These studies also confirmed the effect of SDS micelles in the
condensation of p-DAC with aromatic amines***? and revealed the
dependence of the reaction on temperature. Micelles can increase
the molar absorptivity of the chromophore, modify equilibrium
constants and reaction yields, shift spectral bands, co-solubilize
samples, reagents and products, and catalyze reactions.* The mi-
cellar medium can improve the spectrophotometric detection in flow
injection analysis by providing an increase in the formation rate of
the chromophore and an increase in the sensitivity.** In addition,
the surfactants can also be useful in softening the experimental
conditions required to carry out the reaction, such as: reducing the
temperature or acid and reagent concentrations.’**! This is of interest
for simplification of manual and automated analytical procedures,
and will contribute to green chemistry,® due to its capability of
decreasing the reagent consumption and as a consequence, mini-
mizing effluent generation.

The catalytic effect of SDS in the condensation of primary
aromatic amines with p-dimethylaminocinnamaldehyde has been
described in the literature.**In this study was demonstrated that the
concentrations of the protoned form of PDAC and neutral form of the
aromatic amine increase in going to sodium dodecyl sulfate micelles.
Insofar as both these are reactive species and their formation is favored
in the presence of SDS, the rate of the condensation of amine with
PDAC increases. These previous considerations suggest that, proba-
bly, the SDS presents a similar catalytic effect in the condensation
of norfloxacin/ciprofloxacin with PDAC (Scheme I).
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Optimization of chemical and physical parameters

To take full advantage of the developed SIA procedure, several
studies were performed with the aim of investigating the influence
of sample and reagent volumes, reagent concentration, flow rate and
reaction coil length as well as configuration, on the formation of
the colored product and consequently, on the respective absorbance
signal. The optimization of the procedure also included studies re-
garding the influence of temperature, surfactant concentration, carrier
composition and duration of stop period on the analytical signals. For
this purpose, the experimental parameters were optimized by setting
all parameters constant and optimizing each one individually. Each
experiment was replicated at least three times.

The influence of sample volume was investigated in the range
150 to 250 pL. Results showed that the analytical signals increased
by a factor of approximately 1.3 times with volume until 233 pL and
that higher volumes did not lead to a significant change in absorbance
values. A sample volume of 233 pL was then used to conduct the
optimization studies and determinations.

Reagent volume studies between 50 and 200 L revealed that the
analytical signals increased by about 85% until 150 uL. Furthermore,
higher reagent volumes led to insignificant changes in sensitivity
so that subsequent studies were performed with 150 puL of reagent.

Assessment of the effect of p-DAC concentration on reaction
development was investigated in the range 0.11 to 0.26% (m/v). It was
found that a concentration of 0.20% (m/v) led to the best conditions in
terms of sensitivity. Moreover, it was observed that in more concen-
trated solutions the analytical signals remained practically constant,
so that a p-DAC 0.20% (m/v) solution was used for further studies.

Due to the confirmed effect of SDS on reaction development,
the working standard solutions of NOR and CIP were prepared in a
solution of this surfactant. The use of micellar media formed by sur-
face-active substances is associated with changes in the equilibrium,
kinetic and spectral properties of chemical reactions and represents an
interesting tool for improving the characteristics of analytical proce-
dures. These changes can be observed over a wide range of surfactant
concentrations, below and above the critical micelle concentration.
The two primary factors responsible for catalysis in micellar solutions
are the change in reactivity of the reagents upon transfer from the bulk
water to the micelle media and the concentration effect. The critical
micelle concentration (CMC) of SDS in aqueous medium described
in the literature is 8.3 x 107 mol L. Thus, the influence of SDS
concentration on the reaction was investigated over the range 1.0 x
10%to 1.5 x 10?2 mol L' and it was observed that for concentrations
above 1.0 x 102 mol L' the absorbance decreased gradually, showing
that the surfactant effect is better for concentrations near the CMC.
The determination was performed with standard solutions of the
analytes prepared in a solution of SDS 1.0 x 10> mol L.

Due to the influence of pH on the reaction, a study on the effect
of HCI concentration (carrier solution) on analytical signal was
performed in the range between 1.0 x 10?2 and 5.0 x 10 mol L.
Results showed that the sensitivity was unaffected by changes in
carrier concentration. However, it was evident that the removal of the
colored product from the flow cell was faster for higher concentra-
tions, implying a quicker return to the baseline. In an effort to reduce
analysis time and thus increase sampling rate, the studies proceeded
by using HC15.0 x 102 mol L' as carrier solution in the flow system.

The dependence of the reaction on temperature (previously
observed in the preliminary batch studies), was confirmed during
optimization of the procedure in the SIA system. It was initially ob-
served that almost no reaction took place at room temperature and as
a consequence, the reaction coil was submerged in a thermostatically-
controlled water bath with a view to creating the ideal conditions for
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reaction development. Due to the bidirectional nature of the flow in the
SIA system, it was possible to implement a stop period of the aspirated
zones in the reaction coil. This was aimed at increasing the reaction
time and consequently, in the sensitivity. The effect of water bath
temperature and duration of stop period was shown to be extremely
important for the reaction of p-DAC with both CIP and NOR. The
reaction zone was stopped in the thermostatically-controlled reaction
coil for time periods ranging from 30 to 45 s and the effect of water bath
temperature was studied between 25 and 40 °C. These studies revealed
that the analytical signals were almost doubled when the reaction zone
was stopped in the reaction coil (with the temperature set at 40 °C) for
a period of 45 s. These conditions were thus selected for subsequent
studies as a compromise between sensitivity and sampling rate. Indeed
the increase in sensitivity associated with longer stop periods was in-
significant considering application of the methodology to the analysis
of pharmaceutical formulations. Regarding the effect of temperature,
higher temperatures were shown to give rise to the formation of air
bubbles inside the flow system, thereby hindering the determinations.

Other important parameters affecting the magnitude of the analyti-
cal signals were flow rate and reaction coil length, whose optimization
allowed the optimum residence time of the reaction zone inside the
flow to be established, thereby avoiding excessive dilution of the
formed product. The effect of reactor length was investigated between
1.0 and 1.5 m. These studies were performed with figure-eight shaped
reactors due to the confirmed fact that they give rise to lower disper-
sion of the reaction zone on its way to the detector. Results showed
that the increase in reactor length caused a decrease and widening
of the peak which was probably due to an excessive dilution of the
formed product caused by the enhancement of dispersion. Thus, the
studies proceeded with a 1 m figure-eight shaped reactor. The effect
of propulsion flow rate after the stop period was studied between 2.0
and 3.0 mL min™. It was found that due to the implementation of the
stop period (which created the ideal conditions for color development)
the analytical signals were not significantly affected by changes in
the propulsion flow rate, within the studied range. As a compromise
between sampling rate and repeatability, further investigations were
performed using a propulsion flow rate of 2.5 mL min'.

Table 2. Optimized conditions for the determination of CIP and NOR in
the SIA system

Variables Range evaluated Optimum value
Volume of sample (uL) 150 - 250 233
Volume of reagent (uL) 50 -200 150
[Reagent] (m/v) 0.11 to 0.26% 0.20%
[SDS] (mol L) 1.0x 102-1.5x 10? 1.0x 102
Stopped-flow time (s) 30-45 45
Temperature (°C) 20 - 40 40
[HCI] (mol L") 1.0x 102-5.0 x10? 5.0 x102
Flow After Stop (mL min™) 2.0-3.0 2.5
Reactor length (m) 1.0-1.5 1.0

Analytical data

Following optimization of all parameters affecting the reaction
of p-DAC with CIP and NOR, the developed analytical methodology
was evaluated for CIP and NOR concentrations in the range 3.26 x
10°t03.26 x 10* mol L' and 2.75 x 10°to 3.44 x 10*mol L', res-
pectively. The automatic SIA method was then validated by evaluating
the following parameters: linear dynamic range, precision, accuracy,
limit of detection (LOD) and limit of quantification (LOQ).**
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Under the optimized experimental conditions, the analytical
curves were obtained showed good linearity within the range of
concentrations used. The linear data was adjusted using the equation
A =a+b [C] where A is the absorbance, a the intercept, b slope and
[C] drugs’ concentration in mol L' (Table 3).

Table 3. Figures of merit of the proposed SIA method

Parameters Ciprofloxacin Norfloxacin

Linear dynamic range (mol L) 3.26x10°-3.26x10* 2.75x107-3.44x10*

Limit of detection (mol L") 9.33x10°¢ 7.95x10°

Limit of quantification (mol L") 3.26x10° 2.75x107°
Intercept (a) -0.0072 0.0022

Slope (L mol™) 1.83x10° 1.93x10°
Regression coefficient (R) 0.9997 0.9999

The limits of detection (LOD) and quantification (LOQ) were cal-
culated according to Skoog, et al.** using the following expressions:
LOD = 3c/b and LOQ = 106/b, where G is the standard deviation
of twenty blank measures and b is the slope of the analytical curves.
The proposed SIA methodology yielded a sampling rate of 25 hl.

Interferences

The effects of common excipients present in commercial phar-
maceutical formulations such as microcrystalline cellulose, hydroxy-
propylmethylcellulose, polyethyleneglycol, lactose, titanium dioxide,
talc and magnesium stearate were evaluated. A species was considered
as non-interfering when the analytical signal variation (regarding
that obtained in its absence), was lower than 3%. Solutions of CIP
and NOR 1.5 x 10 mol L' as well as increasing concentrations of
the excipients were analyzed by the developed SIA methodology.
Results showed that the presence of the abovementioned excipients
up to 10-times the weight ratio to CIP or NOR, did not give rise to
interference in the determination of these drugs.

Analytical applications

The developed SIA methodology was applied to the determina-
tion of CIP and NOR in pharmaceutical formulations (Table 4). In
an effort to evaluate the accuracy of the proposed method, the results
were compared with those furnished by the official HPLC methods.?
No significant differences were observed between the results obtained
by both methods with a relative deviation lower than 2.5% confirming
that the SIA procedure can be satisfactorily applied to the determina-
tion of these drugs in pharmaceutical formulations. Statistical analysis
of the results obtained by the proposed and reference methods using
both the #-test and F-test®® showed no significant statistical differences
between the performances of the methodologies for a 95% confidence
level. It was also noticed that the z-paired at the 0.05 level, the two
means are not significantly different.

Compared with previously reported methods for the determina-
tion of norfloxacin and ciprofloxacin the proposed method was less
sensitive than other methods reported in literature (Table 5). However,
many of these methods are time-consuming,*™ involving the use of
organic solvents,®’ present low selectivity,'®'" and for these reasons
they are not suitable for routine analysis.

The repeatability of the proposed method was tested by repeated
runs of a real sample containing the equivalent of 1.41 x 10 mol L-!
of NOR. The relative standard deviation (rsd) was lower than 1% (n
= 8), revealing an excellent precision.
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Table 4. Determination of ciprofloxacin and norfloxacin in commercial
pharmaceutical formulations

Samples Concentration SIA HPLC te Fe
declared® Found ® Found ®

Ciprofloxacin

A 500 500.1 5.0 496.1+3.3 .15 230

B 750 770.7+24 767.4+4.6 1.10  3.67

C 250 253.1+52 259526 1.97  4.00

D 500 507.6+42 507.8+32 008 1.72

E 500 503.2+4.6 498232 1.55 210

F 750 762.5+45 770.0+3.0 238 225

G 250 2593+27 2533+3.8 224 198

H 500 506.1+24 512.8+4.6 222  3.67

Test t-paired = 0.1545

p=0.8816

Norfloxacin

A 400 4009 +3.1  402.7+1.2 128  6.67

B 400 4234+25 417.1+£4.6 172 3.39

C 400 4222+6.7 4224+54  0.03 154

D 400 398.8+2.8 400.7+19 084 217

E 400 3993+£3.6 404627 1.73 1.78

F 400 400.1 +2.6 403.5+1.6 1.59  2.64

Test t-paired = 0.3036
p =0.7766

“mg tablet; "average * standard deviation (S.D) of 3 independent analysis; ©
calculated values of tand F (Theoretical values for a 95% confidence level:
t=2.78; F=19.00)

Table 5. Comparison of the analytical performance of the previously reported
spectrophotometric methods and the proposed in this work for the determina-
tion of norfloxacin and ciprofloxacin in pharmaceutical formulations

Linear range/ mol L'

Reagent Ref.

Norfloxacin Ciprofloxacin

9.37x10°-3.12x10°  7.75x 10°-2.58 x 10° palladium(II) and 6
eosin

- 1.03x107- 1.86 x 10°  tris(o-phenanthro- 7
line) iron(II)

- 1.29x107 - 2.33x10° 7
tris (bipyridyl)
iron(1l)

- 4.13x10°-2.48x10*  Chloranilic acid 8
- 6.46x10° - 3.87x10° tetracyanoethylene 8
1.25x10° - 2.07x10°  1.29x10%- 1.55x10°  Brilliant Blue G e 9

NaOAc-AcOH
3.88x10%-2.5x107 9.04x10%- 3.1x107 Cu(II) * 10
2.58x10°-2.58x10°  5.17x10°- 3.1x10° * 11
2.75x10°-3.44x10*  3.26x10°-3.26x10* p-DAC and SDS Proposed

method

*Derivative spectrophotometric

CONCLUSION

The proposed SIA system developed for the determination of CIP
and NOR in pharmaceutical formulations proved to be an interesting
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alternative to existing methodologies for the same purpose due to the
implementation of a simple chemical reaction in a SIA system. Indeed,
the developed automatic procedure was shown to be fast, inexpensive,
robust and simple, permitting the analysis of a large sample number
without the need for system recalibration. Moreover, the proposed
automatic methodology exhibited high repeatability and involved no
specific or complex sample pretreatment.

Regarding those FIA procedures'*->? developed for the same pur-
pose, the developed procedure (apart from permitting two compounds
to be determined) involved very low reagent consumption as well as
low effluent production, thereby decreasing analysis costs. Further-
more, the developed methodology was fully automated, requiring
little operator intervention.

The applicability of the developed procedure to routine analysis
of pharmaceutical formulations was confirmed by evaluating CIP and
NOR concentrations in fourteen commercial samples by the SIA and
HPLC reference procedures, with the results being in good agreement.
The excellent precision of the automatic methodology (rsd<1%) as-
sociated with the absence of interference from a considerable number
of excipients further confirm the developed procedure as an excellent
option for implementation in pharmaceutical quality control.
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