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Abstract

A simple, sensitive and specific agar diffusion bioassay for the antibacterial enrofloxacin was developed. Using a strain of
Staphylococcus aureusTCC 6538P as the test organism, enrofloxacin at concentrations ranging from 3.2 togi@l8
could be measured in injection. A prospective validation of the method showed that method was liadh99998), precise
(R.S.D. = 0.27) and accurate (it measured the added quantities). The method shows results that confirm its precision, not
differing significantly the other method described in the literature. We conclude that microbiological assay is satisfactory for
quantitation of in vitro antibacterial activity of enrofloxacin.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction enrofloxacin inhibits DNA synthesis and is rapidly
bactericidal against susceptible proliferating and dor-
The fluorquinolone antibiotics have a wide range mant bacteria Qozzarelli, 1980; Vancutsem et al.,
of antibacterial activity and have seen increasing use 1990. Chemically enrofloxacin is a 1-cyclopropil-
in the veterinary medicine because of their effective- 7-(4-ethyl-1-piperazinyl)-6-fluoro-1,4-dihydro-4-oxo-
ness in treating bacteria infectionBauditz, 1990; 3-quinoline carboxylic acidRudavari et al., 1996
Cinquina et al., 2003 No official method is available for the assay of pure
Enrofloxacin Fig. 1) a fluorquinolone marketed drug and its formulations. The LC method has been
for use in veterinary medicine, has been shown to described to determine enrofloxacin injecti®@o(za
be rapidly bactericidal against a broad spectrum of et al., 2002. Bioassay for other fluorquinolones has
aerobic and facultative anaerobic bacteria including also been describedM@rona and Schapoval, 1998;
strains resistant to many other antimicrobial agents Marona and Schapoval, 2001; Ev and Schapoval,
(Bauditz, 1987; Scheer, 1987Enrofloxacin also has  2002. The vast majority of quinolone assays currently
been reported to have activity against some obligate available, however, are designed for the evaluation of
anaerobic bacteria. As with the other fluorquinolones, samples in biological fluids, such as serum and urine.
The microbiological assay for the determination of
"+ Corresponding author. Tel+55-220-8806: enrofloxacin in plasma has been describEti;mgikh
fax: 1+55-220-8248. et al., 2002, but no bioassay of the enrofloxacin drug
E-mail addressmsouza@ccs.ufsm.br (M.J.e Souza). and its formulations has been reported for laboratory
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Fig. 1. Chemical structure of enrofloxacin.

quality control. The objective of the present study
was to find a sensitive and reproducible agar diffusion
method to quantify enrofloxacin in injection dosage
form and compare it with high-performance liquid

chromatographic (HPLC) method.

2. Materials and methods

The enrofloxacin reference substance (assigned pu-
rity 99.28% wi/w) were generous gifts from Hoechst
Vet (Fortaleza, Brazil). The enrofloxacin 5% (w/v) in-
jection were obtained commercially that claimed to
contain 5% (w/v) of enrofloxacin in sterile water. All
reagents were analytical grade. Distilled water was
used in all experiments.

2.1. Preparation of enrofloxacin reference
standard

The standard solution was diluted in 0.1 M potas-
sium phosphate buffer, pH 8.0GP 25, 200Rand as-
sayed at concentrations of 3.2, 6.4 and 1&8nl—!

2.2. Assay of enrofloxacin

A quantify of the enrofloxacin injection containing
500 mg (10 ml) de enrofloxacin were transferred vol-
umetrically into 50 ml volumetric flasks, followed by
making up to volume with 0.1 M potassium phosphate
buffer, pH 8.0 to give a final concentrations of 3.2, 6.4
and 12.8.gmi~1.

2.3. Organism and inoculum

The cultures of Staphylococcus aureu®\TCC
6538P (obtained of INCQS, Rio de Janeiro, Brazil)
were cultivated on Grove Randall number 1 agar
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(Difco) at freezer and pealed to another Grove Ran-
dall number 1 agar (24 h before assay) that was kept
in stove for 1 day 35C. Diluted cultures suspensions
of 25% turbidity were obtained at 580 nm, using a
suitable spectrophotometer (Bausch & Lomb, USA)
and a 13mm diameter test tube as and absorption
cells against 0.9% sodium chloride a blank. Portions
of 1.0 ml of the inoculated saline solution 0.9% were
added to 100 ml of antibiotic medium 1 at 48 and
used as inoculated layer.

2.4. Cylinder-plate assay

The agar was composed of two separate layers. The
antibiotic medium 1 (21 ml) was poured into 1004n
20mm Petri dish for the base layer. After solidifi-
cation this layers portions of 4 ml of inoculated an-
tibiotic medium 2 agar was poured to the base layer.
Six stainless steel cylinders of uniform size (8 nxm
6 mm x 10 mm) were placed on the surface of inoc-
ulated medium. Three alternated cylinders were filled
with 100! of reference concentrations solutions on
the other three cylinders with the concentrations sam-
ples solutions. Six plates were performed for each
sample. The bioassay plates were incubated &C35
aerobically for 18 h. The zone sizes (in mm) were care-
fully measured with electronic caliper (Starftt

2.5. Calculation

To calculate the activity of enrofloxacin the Hewitt
equation was usedHgwitt, 1977. The assays were
statistically calculated by the linear parallel model and
by means of regression analysis and verified using
analysis of variance (ANOVA)Hewitt, 1977; ICH,
1996.

2.6. Validation of the method

The method was validated by determination of the
following operational characteristics: linearity, preci-
sion, accuracylCH, 1996 USP 25, 2002

2.6.1. Linearity

In order to assess the validity of the assay three
doses of the reference substance were used. The lin-
earity of the calibration curves was determined for
intra- and inter-day precision in 3 different days. The
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calculation of regression line by the method of least respectively, of the sample concentrations used in

squares was employed. the assay. The percentage recovery of enrofloxacin
reference added was calculated using the equation
2.6.2. Precision proposed byAOAC (1990)

The precision of analytical procedure was evaluated
through the repeatability (intra-assay) and intermedi- 2.6.4. Specificity
ate precision (inter-assay). Method repeatability was The previous tests proposed with the samples in
studied by assaying samples of enrofloxacin injection, comparison to the standard should detect probable im-
of the same concentration, on the same day and un-purities and in this case the contents would proposi-
der same the experimental conditions. The intermedi- tional to the microbiological inhibition.
ate precision was evaluated by comparing the assays

on different days. 2.6.5. Methods comparison
It was analysed six samples using the proposed pro-
2.6.3. Accuracy studies ceeding and by HPLC. The method used in determina-

The recoveries were determined at three-concen- tion by HPLC was described bys6uza et al., 2002
tration levels, by adding known amounts of en-
rofloxacin reference substance to the samples at the
beginning of the process. Aliquots (2 ml) of the en- 3. Results and discussion
rofloxacin injection were transferred volumetrically
into 100 ml volumetric flasks, followed by making The activity of antimicrobial agents may be demon-
up to volume with potassium phosphate buffer, pH strated under suitable conditions by their inhibitory
8.0 to give a stock solution with concentration of effect on microorganism3JSP 25, 2002 The activ-
100ug mi~2. Portions of 2.5 ml of this stock solution ity of enrofloxacin in vitro has been tested against var-
were transferred to 25 ml volumetric flasks where 3.0, ious microorganisms. These studies have shown that
6.0 and 9.0ml of enrofloxacin reference solutions enrofloxacin has potent in vitro activity agair&tau-
(6.4pg mli~Y), equivalent to 0.76; 1.53; 2.30g ml—* reus(Scheer, 1987; Vancutsem et al., 199here are
enrofloxacin were added. Potassium phosphate buffer,no official microbiological cylinder-plate assays de-
pH 8.0 was added to make up the volume in order to scribed in the official codes to determine enrofloxacin
give a concentration of 10.76, 11.53, 12@3ml~1, in pharmaceutical formulations. In this work experi-

Fig. 2. Microbiological assay (cylinder-plate method), using a sti@inaureusATCC 6538P as the test organisms, enrofloxacin at
concentrations 3.2; 6.4 and 1. ml—2.
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Table 1 Table 2
Diameters of growth inhibition zones to obtain standard curve Experimental values obtained in the recovery test for enrofloxacin
injection by microbiological cylinder-plate assay

Concentration Diameters of Mean diameters of R.S. D.
(ngmi—1) growth inhibition growth inhibition (%) Amount of Amount of standardRecovery R.S.D.
zones (mnM zones+ S.E.M. standard added recovered (%) (%)
3.2 15.78 1598t 0.116  1.78 (pgmi—) (pgmi—)
15.80 R1 0.76 0.750 98.7 0.64
16.36 R2 1.53 1.519 99.3 0.48
15.81 R3 2.30 2.293 99.7 0.30
15.83 R.S.D., relative standard deviation.
16.35 a Mean of three replicate analyses.
6.4 18.78 18.84+ 0.023 0.30
18.91 to be examined and the reference preparation must
18.81 be parallel and they must be linear over the range of
18.91 doses used in the calculation. These conditions were
ig:gg verified by validity test for a given probability, usually
P = 0.05. The assays were validated by means of
128 2211531 21.64: 0023 026 the analysis of variance, as described in these official
5158 codes already cited in this paragraph. There are no
21.63 deviations from parallelism and linearity with results
21.73 obtained here® < 0.05).
21.70 The precision and accuracy of the assay were
S.E.M., standard error mean, R.S.D., relative standard deviation. demonstrated. The precision is usually expressed as
a Each value is the mean of six analyses. the R.S.D. of a series of measuremen@H, 1996.

The repeatability shows means R.S.D. of 0.27%
mental 3x 3 (Fig. 2) design using three dose levels (Table 3, indicating good intra-day precision of the
for each standard and sample were used following the method. The results obtained in different days shows
procedure described Brazilian (1988)andEuropean coefficient of variation of 0.64%.

Pharmacopoeia (2002)The calculation procedures The accuracy expresses the agreement between the
normally assume a direct relationship between the ob- accepted and the found valu€H, 1996. The mean
served zone diameter and logarithm of applied dose. recovery was found to be 99.23%aple 3.
The results of growth inhibition zone diameter of en-
rofloxacin reference substance are presentablé ).
The calibration curves for enrofloxacin were con-
structed by plotting zone diameter (mm) versus log of
concentrations g mi~1) and showed good linearity

_;
o
il

y=11.24178+9.40043Ln(x)
r=0.99998

—
-
1

E
2
in the 3.2-12.§u,g mI~? range Fig. 3. The represen- < 1'0'_
tative linear equation was= 11.24178+9.40043 Inx 509
(n = 3, r = 0.99998,r2 = 0.99996). The inter-day %
precision was evaluated by comparing the linear re- 2 %87
gressions of the three standards plots on the three § 07
different days m a 2 months period, the coefficient =
of correlation was 0.99998 and the coefficient of 5067
variation of the slope of the three lines was 1.14%. .
The experimental values obtained for the determi- — e e et
nation of enrofloxacin in samples are present in 16 17 18 19 20 21 22

Table 2 According toBrazilian (1988)andEuropean Mesn-dimeier zone;of Innlbtion (Frim.

Pharmacopoeia (2002j a parallel-line model is cho-  Fig. 3. calibration curve for enrofloxacin, obtained by the micro-
sen, the two log dose—response lines of the preparationbiological cylinder-plate assay.
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Table 3
Data obtainer from commercial sample analysis by microbiological
cylinder-plate assay

Sample  Theoretical Experimental Purity R.S.D.
amount amount (%) (%)
(mgmit)  (mgmi™)

1 50 51.12 102.25 0.27

2 50 51.16 102.32

3 50 51.26 102.52

4 50 51.07 102.14

5 50 51.13 102.27

6 50 50.85 101.70

R.S.D., relative standard deviation.

2 Each value is the mean of six analysis independent.

Table 4

Analysis of enrofloxacin injection by two different methods

Methods Mean (%) R.S.D. (%) n

HPLC 102.08 0.24 6

Microbiological 102.20 0.27 6

R.S.D., relative standard deviation.

The data obtained by microbiological assay and
HPLC method Table 4 were statistically comparable
by ANOVA test, which indicated there is no signifi-
cant difference between the methods at the<(0.05).

The concordance between the results of both methods

was superior a 95%. The R.S.D. of the microbiologi-

cal method was 0.27% and by HPLC method 0.24.
The microbiological method developed for determi-

nation of enrofloxacin injection in this study is linear,
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