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a b s t r a c t

This study aimed to show that the physicochemical proprieties obtained by Fourier transform infrared
spectroscopy (FTIR), thermogravimetry (TG), and scanning electronic microscopy (SEM) can be useful
tools for evaluating the quality of active pharmaceutical ingredients (APIs) and pharmaceutical products.
In addition, a simple, sensitive, and efficient method employing HPLC-DAD was developed for simulta-
neous determination of lidocaine (LID), ciprofloxacin (CFX) and enrofloxacin (EFX) in raw materials and
in veterinary pharmaceutical formulations. Compounds were separated using a Gemini C18 (250mm �
4.6mm, 5 mm) Phenomenex

s

column, at a temperature of 25 °C, with a mobile phase containing 10mM
of phosphoric acid (pH 3.29): acetonitrile (85.7:14.3, v/v) and a flow rate of 1.5mL/min. Physicochemical
characterization by TG, FTIR, and SEM of raw materials of LID, CFX, and EFX provided information useful
for the evaluation, differentiation, and qualification of raw materials. Finally, the HPLC method was
proved to be useful for evaluation of raw material and finished products, besides satisfying the need for
an analytical method that allows simultaneous determination of EFX, CFX, and LID, which can also be
extended to other matrices and applications.
& 2018 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

During the development of pharmaceutical products, it is cru-
cial to know the physicochemical properties of drugs. Pharma-
ceutical laws oblige drug manufacturers to assess the compat-
ibility of active substances, excipients, and medicinal products
with established standards. However, characterization of the ac-
tive pharmaceutical ingredients (APIs) improves the quality para-
meters of all raw materials used during the manufacturing process
of pharmaceuticals, as well as those in the final products [1].
niversity.

on and hosting by Elsevier B.V. Th
For adequate investigation of APIs, it is necessary to use ap-
propriate instrumental analysis techniques, and recent reports
have shown a high interest in the use of thermogravimetry ana-
lysis (TGA) [2,3], Fourier transform infrared spectroscopy (FTIR)
[4,5], near-infrared spectroscopy [6], and Raman spectroscopy [7].

Fluoroquinolones are broad-spectrum antibiotics with potent
activity against pathogens that have clinical relevance in human
and veterinary medicine. They are mainly employed in prevention
of and therapy for diseases such as infections of the urinary, gas-
trointestinal, and respiratory tract, sexually transmitted diseases,
skin infections, and chronic osteomyelitis [8].

This class of agents is characterized by a favorable pharmaco-
kinetic profile, high tissue penetration, and rapid bactericidal
action. Currently, the most frequently used fluoroquinolone is
enrofloxacin (EFX, Fig. S1). Its antimicrobial properties constitute
is is an open access article under the CC BY-NC-ND license
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an advantage for use in poultry, notably for treating mycoplasma
infections, colibacillosis, and in animals on pastures. EFX is also
used in aquaculture, both as a prophylactic and as a chemother-
apeutic agent. In the aquatic environment, it is employed against
common bacterial pathogens, namely Yersinia ruckeri, Vibrio an-
guillarum, Renibacterium salmoninarum, and Aeromonas salmoni-
cida. There are reports that ciprofloxacin (CFX, Fig. S1), a primary
metabolite of EFX, has a greater microbial efficacy [9]. In fact, CFX
has become the first fluoroquinolone widely available since the
second half of the 1980s. This drug is efficient against numerous
gram-negative and gram-positive pathogens, and has been used
for treating a variety of bacterial infections [10], both in humans
and poultry. One of its disadvantages is the food-drug interaction
with divalent and trivalent atoms, such as Ca2þ and Al3þ , re-
spectively [11]. The oral absorption of CFX can be significantly
reduced by concomitant administration of food containing milk,
for example. Hence, CFX interaction with food may result in
changes both in the rate and the extent of absorption and can
potentially lead to sub-therapeutic concentrations of the drug and
even treatment failure.

Lidocaine (LID, Fig. S1), the most commonly used local anes-
thetic, is also used as a diluent in injectable formulations. LID
contributes to relieving pain related to surgical, dental, and gy-
necological procedures, both in humans and in animals, despite
having no antimicrobial or antiparasitic activity [12]. Thus, it can
be administered in association with other drugs, such as anti-
parasitics, anti-inflammatories, and antibiotics. For example, the
use of LID in conjunction with fluoroquinolones has been reported
previously: CFX for human prostate surgery [13] and EFX for sur-
gical procedures in birds, for insertion of transmitters for the
purpose of species migration research [14]. Therefore, the
simultaneous analysis of LID, CFX, and EFX in pharmaceutical
formulations and other matrices is highly desirable.

Several bioanalytical methods used for measuring concentra-
tions of CFX have been reported, including capillary electrophor-
esis [15], spectrophotometry [16,17], high performance liquid
chromatography (HPLC) with ultraviolet (UV) detection [18–23],
and fluorescence detection [24–31]. Recently, HPLC methods cou-
pled with mass spectrometry for the determination of CFX in
human plasma have also been published. However, there have
been few reports of methods for simultaneous determination
of EFX and CFX, and mostly in biological fluids and animal tissue
[32–41]. No method for simultaneous analysis of these compounds
in raw materials and veterinary pharmaceutical formulations has
been reported. In addition, many HPLC procedures for analysis of
LID in pharmaceutical preparations and biological fluids have been
published [42–44], as have the use of electrochemical methods for
the direct quantification of LID and its impurities in pharmaceu-
tical samples [42–46].

Hence, the objectives of this study were to: (i) show that FTIR,
thermogravimetry (TG), and scanning electronic microscopy (SEM)
can be useful for evaluation of the APIs (bulk drugs), i.e. LID, CFX,
and EFX, supplied as raw materials; (ii) develop and validate an
HPLC method for simultaneous determination of LID, CFX, and EFX
in bulk drugs and veterinary pharmaceutical formulations; and
(iii) apply this method in commercial tablets of EFX; and in-
jectables of CFX and LID. Despite the existence of a wide range of
studies for determining LID, CFX, and EFX, simultaneous
determination of these drugs in raw materials and veterinary
pharmaceutical formulations, aimed at application in quality
control, are still lacking. Similarly, there is a lack of physico-
chemical studies of raw materials as a coadjutant in quality control
described in literature. Finally, the availability of new methods
with multidetection ability is very important, because this strategy
can simplify the routine, improve the sensitivity and selectivity,
and decrease operational costs.
2. Experimental

2.1. Standards and samples

All reference standards of LID, CFX, and EFX from United States
Pharmacopeia (USP) were acquired from Sigma Aldrich

s

(St Louis,
MO, USA). Samples of CFX and EFX as bulk drugs were obtained
from Hebei Veyong (Shanghai, China) and LID was obtained from
Henrifarma (São Paulo, SP, Brazil). Samples of finished product of
Enrotrat

s

200mg (Ourofino
s

, Ribeirão Preto, SP, Brazil), Lidovet
s

injectable 2% (Bravet
s

, Rio de Janeiro, RJ, Brazil), and Ciprodez
s

injectable 10% (Biovet, Vargem Grande Paulista, SP, Brazil) were
purchased from commercial sources in the local market.

2.2. Solvents and chemicals

Acetonitrile and methanol (HPLC grade) and triethylamine
were obtained from J.T. Baker

s

(Mexico City, MX, Mexico). Water
was distilled and purified using Millipore Milli-Q Plus system
(Bedford, MA, USA). Analytical grade phosphoric acid (H3PO4, 85%)
was purchased from Merck

s

(Darmstadt, Germany). All other
chemicals were of analytical grade with the highest purity
available.

2.3. Instruments for characterization of raw materials

Analysis by FTIR was carried out using Fourier Transform
Spectrometer (Bomem Hartmann & Braun, MB series, Quebec,
Canada), operating between 4000 and 400 cm–1, with a resolution
of 4 cm–1, using the KBr pellet method. TGA was conducted in a
termobalance (2950 Thermal Analysis Instrument, TA Instrument,
New Castle, DE, USA) with a heating rate of 10 °C/min, under a flow
rate of nitrogen at 50mL/min, 25–600 °C. The SEM images were
obtained at magnifications of 200 � and 500 � using a micro-
scope TM3000 Hitachi Analytical Table Top (Tarrytown, NY, USA)
with an acceleration of tension at 5 kV, employing carbon tape to
fix raw materials in the carrier.

2.4. Instrument for chromatographic separation

The Agilent (Agilent Technologies, Palo Alto, CA, USA) chroma-
tographic system used to develop and validate this method con-
sisted of an Agilent LC 1260 quaternary pump (G1311 B), a ther-
mostat, model 1290 (G1330B), an automatic injector, model 1260
Hip ALS (G1367E), a column oven, model 1290 TCC (G1316C), and a
diode array detector (DAD), model 1260 VLþ (G1315C). An Agilent
OpenLAB Chromatography Data System

s

was used to control the
HPLC system and was used for data acquisition. Separation was
performed on a Gemini C18 column (250mm � 4.6mm, 5 mm)
from Phenomenex

s

(Torrance, CA, USA). The analyses were per-
formed at the Laboratório de Separações, Departamento de Ciências
Naturais, Universidade Federal de São João del-Rei (UFSJ).

2.5. Analytical conditions

The mobile phase consisted of a mixture of 10mM of phos-
phoric acid (pH 3.29):acetonitrile (85.7:14.3, v/v). UV detection
was performed at 210 and 280 nm. All chromatographic proce-
dures were conducted at 25 °C. A flow rate of 1.5mL/min was used,
and the injection volume was 10 mL for standards and samples.

2.6. Preparation of reference solutions and mobile phase

Working solutions of LID, CFX, and EFX used during the method
validation step were prepared daily by diluting the stock solution
with methanol to concentrations of 48, 52, 56, 60, 64, 68, and



Fig. 1. FTIR spectra of (A) lidocaine (LID), (B) ciprofloxacin (CFX), and
(C) enrofloxacin (EFX).
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72 mg/mL for CFX; 96, 104, 112, 120, 128, 136, and 144 mg/mL for
EFX and 144, 156, 168, 180, 192, 204, and 216 mg/mL for LID.

The aqueous solution was prepared by diluting 2.5mL con-
centrated phosphoric acid in 500mL of purified water. The pH
adjustment (pH 3.29) was performed with solutions of 1.0, 0.1, and
0.01M triethylamine.

2.7. Validation of the method

The parameters were evaluated following the International
Conference on Harmonization [47]. The method was validated for
analysis of bulk drugs from Hebei Veyong

s

(CFX and EFX) and
Henrifarma

s

(LID), and samples of finished products: Lidovet
s

injectable 2%, Ciprodez
s

injectable 10%, and Enrotrat
s

200mg ta-
blets. The following parameters were studied: selectivity, linearity,
limit of detection (LOD), limit of quantification (LOQ), precision,
and accuracy.

Samples were fortified and analyzed to evaluate the selectivity
of the method. The linearity of the assay method was determined
by constructing three calibration graphs using seven concentration
levels ranging from 80% to 120% of the assay analytes concentration
of LID (144, 156, 168, 180, 192, 204, and 216 mg/mL), CFX (48, 52, 56,
60, 64, 68, and 72 mg/mL), and EFX (96, 104, 112, 120, 128, 136, and
144 mg/mL). Three replicate injections of the standard solutions
were performed, and the peak areas of the chromatograms were
plotted against the concentrations of analytes to obtain the
respective calibration curves. The data were then subjected to re-
gression analysis by the least-squares method in order to calculate
the calibration model and correlation coefficient (r) value.

The LOD and LOQ values were calculated directly using the cali-
bration curve. The LOD and LOQ were calculated from the slope and
the standard deviation (SD) of the intercept of the mean of the three
calibration curves determined by a linear regression model [47].

The precision of the method was determined by repeatability
and intermediate precision studies. Repeatability was determined
by analyzing samples at three different concentrations of LID (156,
180, and 204 mg/mL), CFX (52, 60, and 68 mg/mL), and EFX (104,
120, and 136 mg/mL) on the same day and under the same ex-
perimental conditions (intraday). The intermediate precision of
the method was assessed by performing the analysis on two dif-
ferent days (interday). The accuracy was evaluated by applying the
proposed method to the analysis of an in-house mixture of the
placebo with known amounts of analytes. In order to carry out the
test, the pharmaceutical solutions were prepared at the same
concentration levels as precision test, and submitted for analysis
under previously determined conditions so as to obtain the band
areas of each reference chemical substance, at each concentration
level. Precision and accuracy results obtained were expressed in
terms of RSD (%) and relative error percentage (RE, %), respectively.

2.8. Pharmaceutical formulation and sample preparation

The Enrotrat
s

200mg tablet samples were milled using a
mortar and pestle. Twenty tablets were weighed separately, tri-
turated and dissolved in methanol and diluted to a concentration
of 120 mg/mL for EFX analysis. The mixture was then sonicated for
10min and allowed to rest for 10min. The samples of Lidovet

s

injectable 2% and Ciprodez
s

injectable 10% were diluted with
methanol at 60 and 180 mg/mL. All analyses were performed in real
triplicates and filtered through a Millipore Millex nylon membrane
with a 0.45 mm pore size (Merck, Darmstadt, Germany).

3. Results and discussion

There have been some reports of studies combining analytical
techniques, such as thermogravimetry and spectroscopy in
stability tests [48], polymorphism [49], and quality control of
drugs [2,5,6,50–52]. Wesolowski et al. [5] evaluated the quality of
27 medicinal products and the composition of marketed phar-
maceutical preparations using differential scanning calorimetry,
FTIR, and Raman spectroscopy. In order to assess the utility of TG,
FTIR and SEM as potential techniques for identification of the
constituents of the raw materials, LID, CFX, and EFX were chosen,
because methods for the simultaneous determination of these
drugs in raw materials and veterinary pharmaceutical formula-
tions are currently lacking. The results obtained by the physico-
chemical characterization of raw materials are represented by FTIR
spectra (Fig. 1), TGA (Fig. 2), and images of morphological struc-
tures (Fig. 3).



Fig. 2. Thermogravimetric curve (TGA) and derivative thermogravimetric curve
(DrTGA) of (A) lidocaine (LID), (B) ciprofloxacin (CFX), and (C) enrofloxacin (EFX).
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3.1. Characterization of CFX, EFX, and LID raw materials

3.1.1. FTIR
The FTIR spectra offered valuable information about the bulk

pharmaceuticals (APIs). As can be seen in Fig. 1, the spectra of raw
material were different, and can be used for identification of APIs
from different suppliers. Fig. 1A presents the FTIR spectrum of LID:
3500 cm–1 (OH stretching and bonding intermolecular H), 3000 cm–1

(aromatic CH stretch and alkene), 1750 cm–1 (CO stretch acid group),
1600 cm–1 (NH bending present in quinolones), 1500 cm–1 (CO
stretch carbonyl group), 1250 cm–1 (OH bending), and 1050 cm–1

(stretching the group CF). The FTIR spectrum of CFX shown
in Fig. 1B presents the following as main bands: low intensity
band at 3600 cm–1 (OH stretching), 3000 cm–1 (aromatic CH stretch
and alkene), 1750 cm–1 (CO stretch acid group), 1600 cm–1 (NH
bending present in quinolones), 1250 cm–1 (OH bending), and
1000 cm–1 (stretching the group CF). The FTIR spectrum presented
in Fig. 1C for EFX demonstrates the following as main bands:
3400 cm–1 (stretch NH2), 1650 cm–1 (stretching C˭O primary amide),
1550 cm–1 (stretching C˭C aromatic ring), 1480 and 1450 cm–1

(stretch C-N), and 800 cm–1 (flexing outside the aromatic ring plane).

3.1.2. TGA
TGA of LID, CFX, and EFX in nitrogen presented two, two, and

one thermal decomposition stages, respectively. Fig. 2A shows two
thermal events for LID. The first event (between 100 and 150 °C)
exhibits a small mass loss (o 10%), due to evaporation of volatile
compounds. The second event (approximately 300 °C) indicates
the decomposition process of the drug, demonstrating rapid
weight loss (around 55%). CFX presented two thermal events as
can be seen in Fig. 2B. The first thermal event (up to 100 °C) has a
small weight loss (o 10%) due to water evaporation. The second
thermal event (approximately 350 °C) indicates the drug decom-
position process, which causes a rapid weight loss (around 85%).
The thermogram of Fig. 2C for EFX shows only a thermal event. In
the single thermal event (about 350 °C), the drug decomposition
process causes rapid weight loss (around 70%).

3.1.3. SEM
These figures were obtained at magnifications of 200 � and

500 � for each raw material. Figs. 3A and B show that LID has a
morphological structure that is highly heterogeneous as it is pos-
sible to observe some larger, some smaller, and even some inter-
mediate parts. It is also possible to observe that the LID particles
are much larger than CFX and EFX particles. Figs. 3C and D show
that the morphological structure of CFX is very homogeneous and
takes the form of small needles, unlike the others compounds.
Finally, in Figs. 3E and F the morphological structure of EFX is
shown; it is heterogeneous and it is possible to observe some
larger and other smaller parts. There is a large difference in the
particle size of CFX and EFX.

3.2. HPLC method development

Due to the need for a method allowing simultaneous de-
termination of CFX and EFX in the presence of the analgesic LID,
we have developed and validated a reverse HPLC method. Analy-
tical conditions were selected after testing the influence of
different parameters, such as different columns, mobile phase
composition, flow rate, temperature, and other chromatographic
conditions. The chromatograms presented in Fig. S2 show that the
increase in temperature caused loss of resolution and asymmetry.
The optimized chromatographic conditions, such as mobile phase,
column, wavelength, flow rate, injection volume, temperature and
elution mode, are described in Table 1. Moreover, the chromato-
graphic parameters, such as asymmetric factor, resolution, reten-
tion factor, separation factor, and theoretical plates, presented
satisfactory results (Table 2). Fig. 4 shows typical chromatograms
of LID, CFX, and EFX under optimized conditions at 210 and 280
nm, in which LID does not show absorbance at 210 nm.

In the present study, some validation parameters, such as se-
lectivity, linearity, LOD, LOQ, precision, and accuracy, were eval-
uated. Tables 3 and 4 show that the results were satisfactory. The
application of the developed method showed satisfactory results. In
order to optimize the separation of all analytes, three HPLC columns:
Gemini C18 column (250mm � 4.6mm, 5 mm) from Phenomenex

s

,
Gemini C8 column (250mm � 4.6mm, 5 mm) from Phenomenex

s

,
and an Agilent Poroshcell 120 EC-C18 column (100mm � 3.0mm,
2.7 mm), and several mobile phase compositions (phosphoric acid
and monopotassium phosphate buffer solutions at different pHs,
and different acetonitrile and methanol percentages) were



Fig. 3. Scanning electron microscopy (SEM) images of lidocaine (LID) at magnifications of 200 � (A) and 500 � (B), ciprofloxacin (CFX) at magnifications of 200 � (C) and
500 � (D), and enrofloxacin (EFX) at magnifications of 200 � (E) and 500 � (F).

Table 1
HPLC conditions for determination of lidocaine (LID), ciprofloxacin (CFX), and en-
rofloxacin (EFX) in raw material and pharmaceutical veterinary formulations.

Chromatographic variables Optimized conditions

Mobile phase 10mM phosphoric acid (pH 3.29) adjusted with
triethylamine:acetonitrile (85.7:14.3, v/v)

Column Gemini C18 Phenomenex
s

(250 mm � 4.6mm i.d.,
5 mm)

Wavelength 210 and 280 nm
Flow rate 1.5mL/min
Injection volume 10 mL
Temperature 25 °C
Elution mode Isocratic

Table 2
Chromatographic parameters for lidocaine (LID), ciprofloxacin (CFX), and enro-
floxacin (EFX) under optimized conditions.

Analyte Retention time (min) %RSD (peak area) Af Rs k α N

LID 6.49 1.2 0.84 – 2.26 – 4503
CFX 7.83 1.8 0.84 3.39 2.93 1.30 5925
EFX 11.26 1.4 0.79 6.35 4.66 1.59 4472

%RSD, relative standard deviation of all analyses expressed as a percentage; Af,
asymmetric factor; Rs, resolution; k, retention factor (tm ¼ 1.99min, defined as the
first significant baseline disturbance, corresponding to the retention time of a non-
retained solute); α, separation factor; N, theoretical plates.

S.d.S. Anacleto et al. / Journal of Pharmaceutical Analysis 8 (2018) 168–175172



Table 3
Linearity, limit of detection, and limit of quantification of the proposed method.

Parameters LID CFX EFX

Linear equationa y ¼ 35,149x
þ3,000,000

y ¼ 97,510x
þ430,183

y ¼ 81,902x
�67,213

Coefficient of correlation (r) 0.9960 0.9920 0.9910
Concentrations (mg/mL) 144–216 48–72 96–144
RSD (%)b 0.02 1.25 0.04
Shapiro-Wilk (normality
test)c, p-value

0.215 0.092 0.189

LOD (mg/mL) 15.17 0.91 11.13
LOQ (mg/mL) 50.55 3.04 37.09
RSD (%)d 0.62 3.81 2.47

a Calibration curves were performed in triplicate (n ¼ 3) for each concentra-
tion, y ¼ ax þ b; where y is the peak area of analytes, a is the slope, b is the linear
coefficient, and x is the concentration of the analyzed in mg/mL solution.

b RSD (%), relative standard deviation of the slope of the analytical curves.
c Normality test in residues: p-value higher than 0.05, indicating positive result

to normality test within 95% confidence interval.
d RSD (%), relative standard deviation limit of quantitation.
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evaluated. Experiments carried out using different mobile phases
showed that the chromatographic signals corresponding to the three
analytes were better resolved using the Gemini C18 column.

CFX and EFX are amphoteric, with pKa1 values between 5.5 and
6.0 and pKa2 between 7.7 and 8.5, respectively [53]. LID has a pKa
value of 7.9 [54]. As they have functional ionisable groups, the pH of
the mobile phase is a key factor in their separation. In this way, acid
pH has been used to protonate the amino groups and the residual
silanol groups of the stationary phase, in such a way that peak
asymmetry could be reduced.

To achieve the best chromatographic separation of the analytes,
different mixtures of methanol and/or acetonitrile with 10mM of
phosphoric acid with the pH adjusted between 3 and 5 with 1, 0.1,
and 0.01M triethylamine, were evaluated as the mobile phase. The
tests showed that 10mM of phosphoric acid (pH 3.29) provided a
Fig. 4. Chromatogram referring to the optimized method for analysis of (1) Lidocaine (LI
mm � 4.6mm i.d., 5.0 mm) Phenomenex

s

column, mobile phase consisting of 10mM of
detection at 210 and 280 nm using a DAD, temperature at 25 °C, injection volume of 10
better separation, resulting in narrow and symmetrical peaks with
good resolution. The analytical conditions were selected as ade-
quate once all analytes showed baseline separation within 12min.
After careful evaluation of the electronic spectrum profile in the
DAD system, the wavelength was set at 210 nm for LID and at
280 nm for CFX and EFX for quantitative analytical purposes.
Therefore, a simple, rapid, low cost, and efficient HPLC method for
separation of LID, CFX, and EFX was developed.

3.3. HPLC method validation

The calibration curves were prepared by plotting peak areas of
LID, CFX, and EFX against the analyte concentrations, and they
were linear in the range of 144–216 mg/mL, 48–72 mg/mL, and
96–144 mg/mL, respectively. Peak areas and concentrations were
subjected to least-squares linear regression analysis to calculate the
calibration equation and r value. All r values were Z 0.99, showing
acceptable linearity for all analytes, since the normality test (Sha-
piro-Wilk) performed in residues presented no statistically sig-
nificant result (p-value 4 0.05). The developed method presented
LOD and LOQ in the concentration range of mg/mL, which permitted
correct determination of the concentration of the studied drugs. The
LOD and LOQwere found to be between 0.91 and 15.17 and between
3.04 and 50.55 mg/mL, respectively, for all analytes. The precision
and accuracy of the method were evaluated by calculating RSD%
and RE%, respectively, for six determinations of CFX (52, 60, and
68 mg/mL), EFX (104, 120, and 136 mg/mL), and LID (156, 180, and
204 mg/mL) over the course of 2 days and under the same experi-
mental conditions. Six replicates were carried out for each con-
centration (n ¼ 6) in the intraday test. These results confirmed the
precision and accuracy of the method within the desired range. The
results were satisfactory, as all values were less than 3.0%. The va-
lidation procedure was repeated the next day in order to evaluate
the efficiency of the method on different days (interday). All the
studied compounds showed good results with low RE%.
D), (2) ciprofloxacin (CFX), and (3) enrofloxacin (EFX). Conditions: Gemini C18 (250
phosphoric acid (pH 3.29):acetonitrile (85.7: 14.3, v/v) at a flow rate of 1.5mL/min,
mL, and isocratic mode.



Table 4
Precision and accuracy for the simultaneous determination of lidocaine (LID), ci-
profloxacin (CFX) and enrofloxacin (EFX).

Drug Nominal conc.
(μg/mL)

Intraday (na ¼ 6) Interday (nd ¼ 2)

Found
conc.
(μg/mL)

RSD (%)b RE (%)c Found
conc.
(μg/mL)

RSD (%)b RE (%)c

LID 156.00 151.31 0.14 �3.00 152.58 1.16 �2.19
180.00 178.63 0.22 �0.76 179.30 0.81 �0.39
204.00 199.29 0.71 �2.31 201.14 0.98 �1.40

CFX 52.00 52.79 0.93 1.53 53.03 1.53 1.97
60.00 59.51 1.82 �0.82 60.63 2.61 1.06
68.00 67.30 1.62 �1.03 68.06 2.16 0.09

EFX 104.00 105.22 0.47 1.17 105.87 1.07 1.80
120.00 117.34 0.71 �2.22 117.94 1.19 �1.72
136.00 135.61 0.83 �0.29 135.39 �1.72 �0.45

a n ¼ number of determinations.
b RSD (%), relative standard deviation in percentage.
c RE (%), relative error.
d n ¼ number of days.

Table 5
Determination of lidocaine (LID), ciprofloxacin (CFX) and enrofloxacin (EFX) in bulk
drugs and finished products.

Sample Found conc. (μg/mL) RSD (%)a RE (%)b

Bulk drug
LID 93.1

92.5 0.26 �0.22
92.8

CFX 84.90
83.90 0.62 �0.42
85.10

EFX 83.8
84.9 0.71 �0.43
85.2

Finished product
LID 100.01

101.45 1.39 1.64
103.45

CFX 102.45
102.48 0.96 3.16
104.56

EFX 103.78
103.98 0.26 3.70
103.34

a RSD (%), relative standard deviation in percentage.
b RE (%), relative error.
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3.4. Application of the method in drug bulk and finished products

The applicability of the proposed method was evaluated by de-
termination of LID, CFX, and EFX in drug bulk and finished products,
which were Enrotrat

s

200mg (Ourofino
s

, Ribeirão Preto, SP, Brazil),
Lidovet

s

injectable 2% (Bravet
s

, Rio de Janeiro, RJ, Brazil), and
Ciprodez

s

injectable 10%. All results are presented in Table 5. All
analyses showed RSD (%) lower than 5%, which proves the efficiency
of the developed method. In addition, bulk drugs showed values
around 92.8% for LID and 84.6% for CFX and EFX. This approach
allows testing of raw material and can help raw material suppliers
to produce finished products with the correct dosage and to adjust
the dosage appropriately. Finally, all finished products that were
analyzed are in accordance with their specifications.

4. Conclusions

The physicochemical proprieties obtained by FTIR, TGA, and
SEM for LID, CFX, and EFX raw materials showed the presence of
bands that are characteristic of the presence of the organic groups
that comprise their molecular structures, a significance difference
in the thermal events related to mass loss, and large differences
between their morphological structures, respectively. These find-
ings are useful for the evaluation, differentiation and quality as-
surance of raw materials. In this study, a HPLC-DAD method has
been developed that allows simultaneous determination of raw
materials and veterinary pharmaceutical formulations containing
LID, CFX, and EFX. This method was proved to be simple, rapid,
low cost, and efficient. The obtained results were considered sa-
tisfactory since the baseline separation for all analytes occurred in
less than 12min under isocratic conditions. Temperature and pH
conditions can markedly influence the elution of analytes during
the optimization process. The method developed was proved to be
useful for evaluation of raw materials and finished products, in
addition to providing an analytical method for simultaneous de-
termination of EFX, CFX, and LID, which can also be extended to
other matrices and applications.
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