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Development of an Immunoenzyme Assay to Control the Total 
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Abstract—A method for preparing antibodies that specifically recognize antibiotics of the f luoroquinolone
group with the same radical in the first position of the quinolone nucleus is proposed. The specificity of rabbit
antisera prepared at different cycles of immunization by changing the structure of the hapten in the compo-
sition of immunogens was characterized. The selected antibodies provided a group-specific analysis of 16 rep-
resentatives of f luoroquinolones, including a combination of the following compounds that are controlled in
animal products: ciprofloxacin, norfloxacin, pefloxacin, ofloxacin, and enrofloxacin. Using these antibod-
ies, an indirect competitive enzyme-linked immunosorbent assay was developed that was characterized by a
detection limit of ciprofloxacin of 0.2 ng/mL and a duration of 2 h. The assay was approbated for the detec-
tion of f luoroquinolones in milk.
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Fluoroquinolones belong to a class of structurally
similar synthetic antimicrobial compounds (Fig. 1)
that currently account for more than 40 substances
used in medical practice, the list of which is regularly
updated [1]. By the mechanism of bactericidal action,
all f luoroquinolones are inhibitors of bacterial
enzymes, DNA gyrase and topoisomerase II [2]. Flu-
oroquinolones are used to treat infections caused by
gram-negative microorganisms and multi-resistant
pathogens. In veterinary medicine, medicinal prepa-
rations based on enrofloxacin, f lumequine, lomeflox-
acin, ofloxacin, ciprofloxacin, orbif loxacin, dif loxa-
cin and marbofloxacin are used [3, 4]. The toxic effect
of f luoroquinolones and the risks of their non-medical
ingestion into the human body with animal products
led to the introduction of maximum permissible levels
of their content in food products [5]. For instance, in
EU countries, the maximum permissible level (MPL)
of the total content of enrofloxacin and ciprofloxacin
in milk is set at 100 ng/mL [6], while the same restric-
tions apply in Russia to the total content of ciproflox-
acin, enrofloxacin, pefloxacin, ofloxacin and norflox-
acin (Fig. 1) [7]. The chromatographic methods of
fluoroquinolone detection that are prevalent in mod-
ern practice [8, 9] involve the use of complex, expen-
sive equipment and are therefore not suitable for mass

screening [10]. Therefore, sensitive, efficacious, rapid,
easy-to-use, and inexpensive methods of controlling
the total content of f luoroquinolones in milk and
other food products are needed. Immunochemical
methods, in particular, enzyme-linked immunosor-
bent assays (ELISAs), have been actively developed in
recent years to control the content of antibiotics, and
ELISA has become the most effective solution to this
problem [11–14].

Several methodological approaches to the develop-
ment of group-specific ELISAs are available based on
the use of either antibodies with broad specificity or a
mixture of highly selective antibodies [15–22]. The
predominant approach involves the use of conjugates
obtained by modifying the secondary nitrogen atom of
the piperazine radical in the seventh position of the
quinolone nucleus [15–18]. However, the existing test
systems allow detecting only a few (no more than 11–12)
of the antibiotics of the f luoroquinolone group, which
necessitates the development of new assay systems for
the simultaneous control of a wide range of f luoro-
quinolones in accordance with regulations.

The aim of this work is to prepare antibodies to
control the total content of f luoroquinolones and to
develop ELISA methods based on their use.
563
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Fig. 1. The general formula of fluoroquinolones and the structure of norfloxacin (1), ofloxacin (2), pefloxacin (3), enrofloxacin (4),
and ciprofloxacin (5), which are under normative control in Russia.
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METHODS

Chemical substances. We used danofloxacin (DAN),
clinafloxacin (CLI), moxifloxacin (MOX), ofloxacin
(OFL), garenoxacin (GAR), pefloxacin (PEF), gati-
floxacin (GAT), sarafloxacin (SAR), lomefloxacin
(LOM), tozufloxacin (TOZ), sparfloxacin (SPA),
difloxacin (DIF) pazufloxacin (PAZ), marbofloxacin
(MAR), rufloxacin (RUF), norfloxacin (NOR), cip-
rofloxacin (CIP), enrofloxacin (ENR), pipemidic
acid (PIP), nalidixic acid (NAL), oxinic acid (OXI),
orbifloxacin (ORB), enoxacin (ENO), nadifloxacin
(NAD), f lumequine (FLU), bovine serum albumin
(BSA), ovalbumin (OVA), casein, N-hydroxysuccin-
imide (HSI), 1-ethyl-3-(3-dimethylaminopropyl)car-
bodiimide hydrochloride (EDC), 3,3',5,5'-tetrameth-
ylbenzidine (TMB), and methanol (Sigma-Aldrich,
USA), as well as peroxidase-labeled antibodies against
rabbit IgG (H+L) (Medgamal, Russia). All auxiliary
reagents (salts, acids, alkalis, and organic solvents)
were of analytical or chemical purity.

Synthesis of cationized BSA. The carboxyl groups
of BSA were modified with ethylenediamine (accord-
ing to [23, 24] with modifications); 60 mg (0.88 μmol)
of BSA were dissolved in 5 mL of distilled water, and
0.5 mL of a solution containing 16.8 mg (88 μmol) of
APPLIED BIOCHEMI
EDC and 10.2 mg (88 μmol) of HSI were added with
vigorous stirring and incubated for 15 min. A solution
of 13.0 mg (88 μmol) of ethylene diamine hydrochlo-
ride in 10 mL of 0.05 M carbonate buffer, pH 9.5, con-
taining 150 μL of triethylamine was also prepared. The
resulting solution was added to the activated protein
and incubated for 5 h with vigorous stirring. The prod-
uct was dialyzed against a 0.05 M carbonate buffer
pH 9.5 and stored at –20°C.

Synthesis of immunoreagents. Fluoroquinolones
were conjugated to proteins by the carbodiimide
method (according to [25] with modifications);
14.7 μmol of f luoroquinolone, 5.7 mg (30 μmol) of
EDC, and 3.5 mg (30 μmol) of HSI were dissolved in
1.0 mL of N,N-dimethylformamide. The mixture was
incubated for 2 h with stirring. A solution of 10 mg of
protein in 8 mL of 0.05 M carbonate buffer, pH 9.5,
containing 50 μL of trimethylamine was prepared and
incubated for 1 h at 4°C. To the protein solution, a
solution of activated f luoroquinolone was added drop-
wise with constant stirring and incubated for 5 h at
25°C in the dark with stirring. The synthesized conju-
gate was purified from low molecular weight impuri-
ties by dialysis against a 0.01 M K-phosphate buffer
STRY AND MICROBIOLOGY  Vol. 55  No. 5  2019



DEVELOPMENT OF AN IMMUNOENZYME ASSAY 565
(pH 7.4) containing 0.1 M NaCl (PBS) and stored
at ‒20°C.

The conjugates CLI-NH-C5-NH-cBSA and CLI-
NH-C5-NH-OVA were synthesized according to [17,
18]; 5 mg (0.11 μmol) of OVA and 2.2 mg (5.6 μmol)
of CLI were dissolved in 8 mL of distilled water, and
20 μL of triethylamine were added. With vigorous stir-
ring, 230 μL (5.6 μmol) of 0.25% glutaraldehyde were
added. The solution was incubated with constant, vig-
orous stirring at room temperature for 1 h, and then
500 μL (30 μmol) of 0.22% sodium borohydride solu-
tion were added and incubated for another 30 min.
The synthesized conjugate was separated from the low
molecular weight impurities by dialysis against PBS
and stored at –20°C.

Antibody production. To obtain polyclonal antibod-
ies, 3–5 month old male rabbits of the California rab-
bit breed were used. Animals were immunized every
2 weeks with freshly prepared emulsion of conjugate
(0.5–1.0 mg in 1.0 mL PBS) in a 1 : 1 mixture with
complete Freund’s adjuvant for the first injection and
with incomplete Freund’s adjuvant for subsequent
injections. The emulsion was injected subcutaneously
in 5–10 places in the region of the spine. Blood was
collected from the marginal ear vein into vacuum
tubes with gel and clotting activator. The serum was
separated by centrifugation, and the IgG fraction was
purified by triple precipitation with 50, 40, and 33%
ammonium sulfate solutions at 4°C. The volume of
the final preparation corresponded to the initial vol-
ume of the antiserum. The resulting IgG fraction was
dissolved in PBS, mixed with glycerol at 1 : 1 ratio, and
stored at –20°C.

Competitive ELISA. Solutions (100 μL) of conju-
gates (1 mg/mL in PBS) were immobilized in the wells
of a 96-well polystyrene plate with a high sorption
capacity (XEMA, Russia) overnight at 4°C. Then, the
microplate was washed four times with PBS contain-
ing 0.05% Triton X-100 (PBST). For assaying, 50 μL
of an analyte (from 1 μg/mL to 10 pg/mL), and 50 μL
of an antibody solution were added to each well. The
microplate was incubated for 1 h at 37°C and washed
four times with PBST, and then 100 μL of immunop-
eroxidase conjugate (1 : 6000 dilution in PBST) were
added to the wells. The mixture was incubated for
another 30 min at 37°С. After washing (three times
with PBST and once with distilled water), the peroxi-
dase activity of the enzyme label bound to the carrier
was determined. To do this, 100 μL of the substrate
mixture (0.4 mM TMB solution in 40 mM Na-citrate
buffer, pH 4.0, with 3 mM Н2О2) were added to all
wells. The mixture was incubated for 15 min, and the
reaction was stopped by adding 50 μL of 2 M sulfuric
acid. The optical density of the reaction product was
measured at 450 nm (D450) using an EFOS 9305 micro-
plate photometer (Sapphire, Russia).

Analytical characteristics of ELISA. All approxi-
mations of the obtained concentration dependences
APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vo
were performed with the Origin 8.5.1 program
(OriginLab, USA), using the four-parameter sigmoid
function y = (A – D)/(1 + (x/c)B) + D. As a detection
limit, we used IC10, which is the concentration at
which the analytical signal (D450) decreased by 10% of
the difference between the maximum and minimum
signals. The lower and upper limits of the range of
detectable concentrations were calculated as IC20 and
IC80, which are the concentrations at which the ana-
lytical signals decreased by 20 and 80% of the differ-
ence between the maximum and minimum signals,
respectively. The specificity of the method was
assessed as the percentage of cross-reactivity (CR)
with analogues of the analyte (X):

where IC50 is the analyte concentration causing a
50% inhibition of antibody binding.

Preparation of extracts from milk samples. Metha-
nol (0.8 mL) and hexane (0.2 mL) were added to
0.2 mL of a milk sample, stirred vigorously for 2 min,
and centrifuged at 15000 g for 10 min. A water-alcohol
layer under layers of hexane and fat was collected, and
the extract was diluted 6-fold with PBST and used in
the assay.

RESULTS AND DISCUSSION
Preparing immunogens. To prepare the polyclonal

antibodies, two variants of protein conjugates with
derivatives of CIP were used.

In the first variant, CIP was conjugated to BSA by
the carbodiimide method. Conjugation was carried
out via the carboxyl group of the constant region of the
CIP molecule and with the secondary amino group of
the piperazine radical in the seventh position of the
quinolone nucleus (Fig. 2). In the second cycle of
immunization, carboxylated BSA was used as a carrier,
which minimized the production of antibodies against
the hapten conjugated via the carboxyl group of the
constant region of the molecule. The resulting antisera
were designated as AS/CIP-A1 and AS/CIP-A2 (the
first and second immunization cycles, respectively).

In the second variant, a spacer was introduced into
the immunogen between the CIP and the BSA. For
this purpose, CIP modified with 6-bromohexanoic
acid (Fig. 3) was used, similarly to the previously per-
formed modifications of SAR and NOR [15, 16]. Such
a hapten could conjugate to the protein via one of two
carboxyl groups, while its secondary amino group
would be blocked. Antisera prepared using this immu-
nogen were designated as AS/CIP-B.

ELISA based on AS/CIP-A; a choice of solid-phase
antigen and assay conditions. As solid-phase antigens,
the conjugates of various f luoroquinolones with an
alternative carrier protein (OVA) were tested, which
excluded the binding of antibodies contained in anti-
sera to BSA. The following conjugates were compared:

( ) ( ) ( )50 50CR X % IC specific antigen IC X ,=
l. 55  No. 5  2019
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Fig. 2. Scheme of synthesis of a mixed conjugate of CIP-BSA (or CIP-N-BSA).
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CIP-OVA, MOX-OVA, DAN-OVA, GAR-OVA, CLI-
OVA, ENO-OVA, NOR-OVA, SAR-OVA, ENR-
OVA, PIP-OVA, CIP-N-C5-CO-NH-OVA, and
CLI-NH-C5-NH-OVA adsorbed into microplate
wells at a concentration of 0.5 μg/mL. For antibodies
of two immunization cycles, the binding to the conju-
gate (optical density D0 registered in ELISA) and its
inhibition in the presence of a high concentration of
CIP (10 ng/mL, D) were analyzed.

The obtained values of ΔD = (D0 – D)/D0 are given
in Table 1. The high ΔD values indicate that the anti-
bodies of the first immunization cycle were predomi-
nantly associated with free hapten molecules. At the
second stage of immunization, ΔD decreased dramat-
ically, but the binding to the conjugates was main-
tained. An ELISA based on the use of the conjugate
APPLIED BIOCHEMI

Fig. 3. Structure of N-(5-carboxypentyl)-ciprofloxacin.
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CLI-NH-C5-NH-OVA significantly exceeded all
others in the value of ΔD; therefore, it was chosen for
ELISA implementation.

We determined the optimal parameters of ELISA
that ensure a high sensitivity of CIP detection in com-
bination with a high level of the assay signal. The con-
centration of the conjugate CLI-NH-C5-NH-OVA
used for immobilization in the microplate wells was
0.25 μg/mL; the dilution of AS/CIP-A1 antibodies
was 1 : 4000, and the dilution of AS/CIP-A2 antibod-
ies was 1 : 6000.

The calibration curve of ELISA for CIP obtained at
optimized conditions is shown in Fig. 4. The range of
detectable CIP concentrations was 0.3–4.0 ng/mL,
and the detection limit was 0.2 ng/mL.

Choice of solid-phase antigen and optimization of
ELISA based on antibodies AS/CIP-B. ELISA vari-
ants (based on the use of antibodies against the sec-
ond immunogen) and the same panel of f luoro-
quinolone conjugates with OVA were compared in
relation to the ΔD value determined at a CIP concen-
tration of 100 ng/mL.

The CIP-N-C5-CO-NH-OVA conjugate was
characterized by a high ΔD value and was selected for
an ELISA. The optimal concentration of the conju-
gate during immobilization in the microplate wells was
shown to comprise 0.05 μg/mL, and the optimal anti-
body dilution was 1 : 6000. Under the chosen condi-
tions, the range of detectable concentrations of CIP
STRY AND MICROBIOLOGY  Vol. 55  No. 5  2019
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Table 1. Characterization of ELISA variants implementing
with antibodies AS/CIP-A1 and AS/CIP-A2 and various
conjugates

Conjugate
ΔD (%) at CIP concentration 

of 10 ng/mL

AS/CIP-A1 AS/CIP-A2

GAR-OVA 75 14
MOX-OVA 42 1
ENR-OVA 53 10
SAR-OVA 61 10
NOR-OVA 62 10
DAN-OVA 46 13
CIP-OVA 65 22
CLI-NH-С5-NH-OVA 72 72
PIP-OVA 38 8
CLI-OVA 72 18
ENO-OVA 64 23
CIP-N-C5-CO-NH-OVA 44 22

Fig. 4. General view of the calibration curve of ELISA for
the detection of ciprofloxacin with antibodies AS/CIP-A
and the immobilized conjugate CLI-NH-C5-NH-OVA (a)
and an approximation of the linear range (b); A/A0 =
(0.57 ± 0.01) – (0.49 ± 0.02)log(c), R2 = 0.994, and n = 3. 

0.9
(b)

0.8

0.7

0.6

0.5

0.4

0.3

0.2
0.2 0.5 1 2 4

ng/mL

A450/A450(0)

1.0
(a)

0.8

0.6

0.4

0.2

0

0.01 0.1 1 10 100 1000
ng/mL

A450/A450(0)
was 0.3–10.0 ng/mL, and the detection limit was
0.2 ng/mL.

Detection of a combination of fluoroquinolones. The
two ELISA variants described above were tested.
Specificity was assessed as the percentage of detection
when assaying samples with f luoroquinolone concen-
trations of 100 ng/mL. For DAN, FLU, and MAR,
samples with concentrations of 30, 50, and 75 ng/mL
were tested, which corresponded to the regulations.

The ELISA results (Table 2) were interpreted on
the basis of the ΔD assessment. The choice of the min-
imum and maximum ΔD values enabled assessments
of the ΔD levels of each fluoroquinolone. For the
AS/CIP-A/CLI-NH-C5-NH-OVA test system, the
minimum threshold value of ΔD was 0.45 (ΔD for CIP
according to Table 2), and the maximum value was
0.76 (ΔD for NOR, PEF, and MOX). The ΔD values of
fluoroquinolones, the content of which was impossi-
ble to control by this method, are indicated in Table 2
in italics, and the values of detectable amounts of f lu-
oroquinolones are in bold. According to the character-
istics for the second configuration of the test system
provided in Table 2, the corresponding threshold val-
ues of ΔD were 0.58 and 0.68.

As follows from the presented data, the variants
under consideration allowed us to control the total
content of a variety of f luoroquinolones, with the
exception of three compounds (danofloxacin,
flumequin and marbofloxacin) that have individual
MPLs and require additional highly selective analysis.
The broadest specificity for the compounds of the f lu-
oroquinolone group (16 compounds) had the test sys-
tem implementing antibodies AS/CIP-A and the con-
jugate CLI-NH-C5-NH-OVA.

During testing of the samples, we did not know
which fluoroquinolone (or a combination of several
f luoroquinolones) was present in them, so the choice
of criteria for interpreting ELISA results that would
allow making the most reliable conclusions despite the
scarcity of the available information was of great
importance (Table 3). It was established that if 0.45
were taken as the threshold value of ΔD for this system,
then the conclusion about the presence of f luoro-
quinolone would correspond to the situation when the
individual concentrations of 16 f luoroquinolones
studied (ciprofloxacin, enrofloxacin, ofloxacin, nor-
floxacin, pefloxacin, clinafloxacin, garenoxacin,
nadifloxacon, pazufloxacin, orbif loxacin, enoxacin,
gatif loxacin, lomefloxacin, sparfloxacin, moxifloxa-
cin and nalidixic acid) would be significantly higher
than the MPL (100 ng/mL). At high ΔD levels up to
the value of 0.76, it is necessary to conduct a verifica-
tion, since the total content of f luoroquinolones may
be either above or below the MPL. If ΔD is above 0.76,
then the total content of the 16 f luoroquinolones
under study was reliably below 100 ng/mL. For the
second configuration of the test system, the decision-
making criteria (Table 3) were based on the ΔD thresh-
APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 55  No. 5  2019
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Table 2. An evaluation of specificity of the ELISA variants

* At concentrations of danof loxacin equal to 30 ng/mL, f lumequine = 50 ng/mL, marbof loxacin = 75 ng/mL, and other sub-
stances = 100 ng/mL.
** P = 0.95.

Fluoroquinolone MPL,
ng/mL

Configuration of the test system

AS/CIP-A/CLI-NH-C5-NH-OVA AS/CIP-B/CIP-N-C5-CO-NH-OVA

ΔD* % of detection** ΔD* % of detection**

Ciprofloxacin

100

0.45 108 ± 6 0.58 102 ± 4

Enrofloxacin 0.56 69 ± 3 0.66 51 ± 3

Ofloxacin 0.75 35 ± 1 0.66 50 ± 2

Norfloxacin 0.76 30 ± 2 0.66 50 ± 2

Pefloxacin 0.76 32 ± 3 0.68 43 ± 3

Danofloxacin 30 0.83 82 ± 2 0.78 55 ± 2

Flumequine 50 0.90 39 ± 1 0.87 16 ± 6

Marbofloxacin 75 0.93 22 ± 1 0.79 22 ± 2

Clinafloxacin – 0.60 58 ± 3 0.66 50 ± 2

Garenoxacin – 0.61 55 ± 2 0.66 50 ± 2

Nadifloxacin – 0.64 50 ± 2 0.70 34 ± 2

Pazufloxacin – 0.64 50 ± 4 1.00 <0.1

Orbifloxacin – 0.69 49 ± 2 1.00 <0.1

Enoxacin – 0.71 41 ± 1 0.86 18 ± 3

Gatif loxacin – 0.72 41 ± 1 0.71 30 ± 2

Nalidixic acid – 0.72 33 ± 5 1.00 <0.1

Lomefloxacin – 0.73 31 ± 2 0.80 14 ± 1

Sparfloxacin – 0.75 31 ± 1 1.00 <0.1

Moxifloxacin – 0.76 30 ± 1 0.63 64 ± 2

Oxolinic acid – 0.79 26 ± 1 0.75 23 ± 5

Pipemidic acid – 0.85 23 ± 2 0.76 20 ± 3

Rufloxacin – 0.88 19 ± 1 0.71 32 ± 3

Difloxacin – 0.90 16 ± 1 0.78 17 ± 2

Tozufloxacin – 1.00 <0.1 0.77 19 ± 6

Sarafloxacin – 1.00 <0.1 0.73 26 ± 2

Table 3. Interpretation of results of group-specific ELISA

Interpretation
Configuration of the test system

AS/CIP-A / CLI-NH-C5-NH-OVA AS/CIP-B / CIP-N-C5-CO-NH-OVA

Σ(FQ) > 100 ng/mL ΔD < 0.45 ΔD < 0.58
Additional testing required 0.45 ≤ ΔD ≤ 0.76 0.58 ≤ ΔD ≤ 0.68
Σ(FQ) satisfies MPL 0.76 < ΔD 0.68 < ΔD
old levels comprising 0.58 and 0.68, which were
selected using the data from Table 2.

It should be noted that the comparison of ΔD with
two threshold values allowed us to draw evidential
conclusions about exceeding the MPL, regardless of
APPLIED BIOCHEMI
which of the 16 f luoroquinolones and in what propor-
tion were present in the sample. This opportunity rep-
resents a significant advantage of the proposed
method for practice, since the ELISA methods for f lu-
oroquinolone control described earlier are character-
STRY AND MICROBIOLOGY  Vol. 55  No. 5  2019



DEVELOPMENT OF AN IMMUNOENZYME ASSAY 569
ized by a narrower specificity and allow the researcher
to control no more than 11–12 compounds.

Testing milk samples. ELISA methods were appro-
bated on 83 samples of milk and milk mixes from dif-
ferent manufacturers. As the extractant for sample
preparation, we chose methanol, since it provides the
most complete extraction of various f luoroquinolo-
nes. All the tested samples did not contain f luoro-
quinolones in the amount exceeding the regulatory
requirements of the Customs Union.
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