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Abstract

Oxytetracycline is widely used in veterinary medicine for the treatment of
animals, as well as growth promoters. They can have adverse effects on human health
through animal products if the rules for the use of antibiotics are not followed. The
World Health Organization has established maximum residue limits of antibiotics in
milk and meat, which require accurate, rapid and inexpensive methods to determine.
Immunochromatographic assay (ICA) is ideal for this purpose due to its speed of
analysis, high sensitivity and ease of use. This paper describes the results of study on
the obtaining an oxytetracycline (OTC) conjugate with bovine serum albumin (BSA)
and/or ovalbumin (OVA). OTC has been chemically purified from the antibiotic
hydrochloride salt (OTC HC), which is widely used in animal husbandry and is more
affordable than its chemically pure analogue. Spectrophotometric analysis of the
prepared conjugates and immunization of laboratory animals showed the suitability
of OTC, chemically purified from OTC HC, for crosslinking into BSA and/or OVA
molecules and obtaining hapten-specific antibodies. The results obtained could be
used for the manufacture of ICA components - labeled OTC-specific antibodies and
test line antigen.
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Basic position and Introduction

Oxytetracycline (OTC) is one of
the first tetracycline antibiotics
described in the late 1940s. This drug is
characterized by a wide spectrum of
action against gram-negative and gram-
positive microorganisms [1].
Tetracyclines, including
chlortetracycline, oxytetracycline, and
doxytetracycline are widely used in
veterinary medicine due to their low
cost compared to other antibiotics [2].
They are also used to stimulate the
growth of fattening cattle and poultry
[3]. For example, in Kazakhstan, such
antibiotics as «Oxytetracycline
hydrochloride for injections»
(BioPharmGarant  LLC, Russia),
Oksirala 20% (Agio Pharmaceuticals
Ltd., India), Ashoksi 10% (Ashish Life
Science Pvt Ltd, India) are registered in
the State Register of Veterinary Drugs
and Feed Additives [4]. Residues of
tetracyclines get into animal products
in cases of non-compliance with the
instructions for the use of antibiotics or
the time of exposure of animals before
slaughter or milk production [4]. The
constant consumption of such products
iIs fraught with serious health
consequences and could lead to allergic
reactions and dysbacteriosis, and -may
also  cause  nausea, vomiting,
anaphylactic shock, and even death [5].
Violation of the use of antibiotics can
lead to the emergence of antibiotic
resistance genes in microorganisms, the
transmission of such strains from
animals to humans. [6]. In order to
avoid harmful effects on human health,
many countries have set maximum
residue limits (MRL) of antibiotics in

milk and meat. The World Health
Organization (WHO) has established
that the content of tetracyclines in food
should be no more than 0.01 mg/kg [7].
Currently, there are several methods for
determining antibiotic residues, each
with its own advantages and
disadvantages. For example,
microbiological -tests are available for
use in poorly equipped laboratories, but
are characterized by low sensitivity and
specificity [8,9]. Instrumental methods
such as gas chromatography, high
performance liquid chromatography
(HPLCO), chromatography—mass
spectrometry is sensitive and highly
specific, but require  expensive
equipment and trained personnel. In
addition, they take a lot of time and are
not suitable for routine analysis [10].
Recently, enzyme-linked
immunosorbent assay (ELISA) has
become increasingly popular for
screening food products for
contamination with antibacterial drugs.
European Union (EU) Directive
2002/657 recommends this test for the
determination of veterinary drug
residues in livestock products in theEU.
However, this test is not used in
practice, since the equipment of
domestic laboratories for veterinary
and sanitary examination in food
markets leaves much to be desired.
Therefore, for practice, simple-to-
perform, but sufficiently sensitive and
specific tests are needed to determine
the presence or absence of antibiotics
in animal products in a few minutes.
These tests include immunological
methods based on the principle of thin



layer chromatography, namely,
immunochromatographic analysis
(ICA) [11]. Antibiotics, including
OTCs are haptens, and therefore
competitive ICA is a suitable method
for determining a contaminant in food
products. The affordability of ICA tests
for the detection of antibiotics is
determined by the cost of its individual
components, including the hapten
conjugate with protein carriers. The use
of chemically pure antibiotics in the
preparation of the conjugate leads to a

Materials and methods

Laboratory animals. The Soviet
chinchilla rabbits (3 heads, males, 6
months old, body weight 3300-3500 g)
and outbred mice (3 heads, males, 2
months old, body weight 20-25g).
Experiments with animals  were
approved by the Animal Ethics
Committee, Faculty of Veterinary and
Animal Husbandry Technology, S.
Seifullin Kazakh Agrotechnical
University, and were carried out in
accordance with the Rules for the
maintenance and care of laboratory
rodents and rabbits (Interstate standard,
GOST 33216-2014), as well as
International Guiding Principles for

Biomedical Research Involving
Animals.
Reagents used to prepare

antibiotic-protein conjugates. OTC HC
for veterinary medicine (CJSC RPE
Agrofarm, Russia), bovine serum
albumin (BSA) (Jackson Immuno
Research, USA) and/or ovalbumin
(OVA) (Sigma-Aldrich, USA).
Chemical purification of the
antibiotic. Three g of OTC HC was
poured into a 0.5 L three-necked flask
equipped with an addition funnel, a gas
outlet tube, and a ground glass stopper.

significant increase in the cost of
analysis. In this regard, antibiotics for
animals available on the veterinary
medicine market are of particular
interest.

The aim of our study was the use
of veterinary oxytetracycline
hydrochloride (OCT HC) for the
preparation of the antibiotic conjugate
with bovine serum albumin (BSA)
and/or ovalbumin (OVA) as well as
specific antibodies, which are the main
ICA reagents.

The antibiotic was dissolved in 50 ml
of bidistilled water (pH=7.01) at a
temperature of 30-35°C. Then, 100 ml
of 7% sodium bicarbonate solution was
added dropwise over 1 hour. Carbon
dioxide released during the reaction of
hydrochloric  acid  with  sodium
bicarbonate entered the calcium
hydroxide solution. The mixture was
stirred for 8 hours at room temperature
at low speed of the magnetic rotor.
After separation, the antibiotic was
filtered on a  Schott  funnel.
Subsequently, the filtrate was washed
with distilled water and dried under
vacuum.

Determination of purity and
quantitative content of purified OTC
using HPLC. Tetrahydrofuran,
methanol, acetonitrile in ratios of
50:150:800 was used as the mobile
phase - eluent, respectively. 20 mg of
OTC substance was dissolved in 25 ml
of 0.01 M hydrochloric acid.
Endcapped octadecylsilyl silica gel for
chromatography with a pore diameter
of 5 um was used as a sorbent for the
chromatographic column. The
following parameters were used:
chromatographic column temperature,



50°C; eluent solvent pumping rate, 1.3
ml/min; amount of sample used, 10 pl.
The result of the analysis was recorded
at an optical density of 254 nm.

Conjugation of OTC with protein
carriers was carried out using the
methods described by T.
Wongtangprasert et al. (2014) [12],
Nail L. et al. (2014) [13], and Birader
K. etal. (2021) [14].

Optical spectrophotometry was
used to identify the hapten-protein
conjugate. Briefly, 100 ul of test
substance solution was poured into a
clean cuvette. Then, it was placed in a
holder, and a reference spectrum was
recorded with the radiation source
(dark spectrum) turned on and off.
Then, the spectrum of light that passed
through the sample was recorded in 10
repetitions in accordance with the
manufacturer's instructions attached to
the device. The absorption of light by
the studied samples at each wavelength
was calculated in the Spectra Suite
program using the standard formula
and obtained in the form of a graph-
spectrum.

Studying the immunogenicity of
the OTC-protein conjugate. On day 0
of Immunization, mice were
intraperitoneally injected with OTC-
BSA at a dose of 25 pg in 0.1 ml of
complete Freund's adjuvant (CFA). On
the 7, 15%" 22" and 32" days of
Immunization, the same dose of antigen
was administered in incomplete
Freund's adjuvant (IFA). Antiserum
was separated from blood taken from
the tail vein on the 38" day of
Immunization and stored at -20°C until
use.

Immunization of rabbits was
carried out by 4-fold subcutaneous
injection of OTC-BSA into the back

area at a dose of 500 pg in 1.0 ml of
adjuvant at several points with an
interval of 10 days. On the 0" day of
injection CFA was used, and on
subsequent days IFA was used. Ear
vein blood samples were taken 5 days
after the last immunization. The
separated immune sera were stored at -
20°C until use.

Indirect ELISA (i-ELISA). The
wells of a 96-well immunoassay plate
(Suzhou CellPro Biotechnology Co.,
Suzhou, China) sensitized with OTC-
OVA (1 pg/ml) in bicarbonate buffer,
pH 9.6. The plate was incubated at
+4°C overnight. The plate was washed
3 times with 300 pl of Tween-20
phosphate-buffered saline per well to
remove unbound antigen. Then, two-
fold dilutions of mouse and/or rabbit
serum were prepared in 8 wells,
starting from a dilution of 1:100 (0.1
ml), and incubated at +37°C for 60+5
minutes. Blood serum samples of
animals taken before immunization
were used as a control. After
incubation, the plate was washed as
described above to remove non-
specifically bound antibodies, and anti-
mouse (Jackson ImmunoResearch Inc.,
Pennsylvania, USA) and/or anti-rabbit
(Jackson ImmunoResearch Inc.,
Pennsylvania, USA) conjugates were
added to the wells in a volume of 0.1
ml and incubated at +37°C for 1 hour.
The washing procedure was repeated to
remove unbound reaction products. 0.1
ml of a stabilized solution of 3,3',5,5'-
tetramethylbenzidine hydrochloride
with hydrogen peroxide (CJSC "NVO
Immunotech”, Moscow, Russia) was
added to the wells and the plate was
incubated for 10-15 minutes at room
temperature. The reaction was stopped
by adding a solution of 0.5 M sulfuric



acid to the plate wells. The results of
the ELISA were taken into account
using a spectrophotometer (Hangzhou
Allsheng Instruments Co., Hangzhou,
China) with a vertical light flux at a
wavelength of 450 nm. The reaction

Results

was considered positive if the optical
density (OD) of the immune serum
exceeded the OD value of the control
serum at a dilution of 1:200 by at least
two times

The yield of chemically purified antibiotic from OTC HC for veterinary
medicine (CJSC RPE Agrofarm, Russia) was more than 90%. The results of the study
of the purity and quantitative content of the antibiotic using HPLC are shown in

Fig.1.
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Figure 1 — HPLC chromatogram of purified OTC

As can be seen from Figure 1,
the HPLC chromatogram of purified
OTC contains several non-volume
peaks identified as residual impurities
and/or oxidation products in air during
separation. At the same time, the
content of the target component in the
obtained substance was 96% in terms

of dry matter using the ChemStation
software.

The identification of the
obtained compound was carried out
using IR spectroscopy by determining
the main signals of functional groups in
pressed tablets of potassium bromide

(Fig. 2).
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Figure 2 - IR spectrum of OTC

Analysis of Figure 2 shows that
the spectrum of purified OTC contains
signals at 3300-3600 cm™, which are
characteristic of hydroxyl groups (OH-
groups) and are contained in the
molecule of the test substance in the
amount of two units. Stretching
vibrations of 3200 cm™ and 1238 cm™
correspond to the phenolic fragment of
the molecule, 1666 cm™ - to the C=0
carbonyl group associated With the cycle
and 1619 cm?, which indicates the
presence of an amino group (NH2-
group). Signals from 2999 to 2827

indicate the presence of aliphatic bonds
in the molecule.

Chemically purified OTC as well
as veterinary medicine OTC HC have
been used to prepare antibiotic
conjugates with BSA and/or OVA.
Methods by L. Nail et al. (2014) and K.
Birader et al. (2021) used for this
purpose did not give the desired results
due to the denaturation of proteins with
the formation of a precipitate (Fig.3-a).
An antibiotic-carrier conjugate was
obtained by T. Wongtangprasert et al.
(2014) only when purified OTC was
used (Fig. 3-b).




Figure 3 - Appearance of OTC-BSA conjugates:
a - OTC HC for veterinary medicine; b - chemically purified OTC

Spectrophotometric analysis was used to establish the crosslinking of the
purified OTC into the carrier molecules (BSA, OVA). For this purpose, OTC, carrier
proteins and the prepared conjugate were studied using UV optical photometry in the
wavelength range of 200-1100 nm (Fig. 4, 5, 6).
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Figure 4 - UV spectrum of purified OTC
Figure 4 shows that the UV spectra of the chemically purified antibiotic
contain one peak at a wavelength of 278 nm.
Spectrophotometric analysis of carrier proteins showed the presence of one
peak in both the UV spectrum of BSA and OVA at 277 nm and 271 nm, respectively

(Fig. 5).
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Figure 5 - UV spectra of proteins: a - BSA, b — OVA

Spectrograms of antibiotic conjugates with carrier proteins are shown in Fig.6.
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Figure 6 - UV spectra of conjugates: a - OTC-BSA, b - OTC-OVA

In the spectra of optical
photometry, there are continuous
signals with characteristic peaks of the
initial substance, which testify the
homogeneity of the final products
obtained (Fig. 6). In the spectral
regions, the presence of signals
characteristic of the substrates of
protein polymers is demonstrated,
while the presence of the initial
compounds of an antibiotic nature is
not noticed, which is due to the
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complete absorption of low molecular
weight compounds by macromolecules.
The obtained UV spectra prove the
suitability of OTC, purified from the
hydrochloride salt of the antibiotic, for
the preparation of a conjugate with
BSA and/or OVA.

Figure 7 shows the results of
studying the immunogenicity of OTC
crosslinked into  carrier  protein
molecules in mice and rabbits.
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Figure 7 - Titers of anti-OTC antibodies by i-ELISA

Studies of antisera samples showed that BSA- coupled OTC was recognized by
the immune system of laboratory animals as a separate epitope of the integral antigen



and stimulated B-lymphocytes to synthesize antibiotic-specific antibodies. This is
evidenced by the titers of antibodies against OTC by i-ELISA in samples of both
mouse and rabbit antisera. It follows from the diagram that antibodies specific to the
antibiotic were detected within the range of blood serum dilutions from 1:1600 to
1:3200, which is evidence of the immunogenicity of the antibiotic purified from its

hydrochloride salt.

Discussion

The veterinary practice of the
country needs simple, but sufficiently
sensitive and specific tests to determine
the presence of antibiotics in food
products in a few minutes, which is
very important for the reliable
protection of public health. Such tests
can be developed on the basis of
competitive ICA, the main reagents of
which are antibodies specific to various
antibiotics and their conjugates with
high molecular weight carriers. The
difficulty in creating ICA tests for
determining the MRL of antibiotics lies
in the preparation of stable conjugates
of hapten with carriers and the
production  of  highly  specific
antibodies, since antibiotics, including
OTC, are small substances with a
molecular weight in the range of 460—
434 Da [15]. In addition, imported ICA
tests available on the market of
veterinary drugs remain expensive for
small producers of meat and milk in
Kazakhstan, which produce more than
90% of milk and about 70% of meat in
slaughter weight. One of the main
components of ICA is an antibiotic-
carrier conjugate, which is used in the
diagnosticum design not only as a test

Conclusion

line reagent, but also as an immunogen
for obtaining specific antibodies. The
use of chemically pure antibiotics for
these purposes makes a significant
contribution to the rise in the cost of
the test system. In this study we
propose a method for purifying OTC
from its hydrochloride salt, which is
widely used in veterinary practice and
is affordable. Purified OTC conjugated
with OVA served as an antigen in i-
ELISA, while an antibiotic cross-linked
into a BSA molecule was used as an
immunogen. The results of
spectrophotometric analysis showed
the formation of a whole molecule
consisting of a chemically purified
antibiotic and OVA and/or BSA. The
last conjugate showed its
immunogenicity for the body of
laboratory animals, which made it
possible to obtain mouse and rabbit
antisera  with  titers against the
antibiotic hapten in the range of 1:1600
- 1:3200.

Thus, the developed method for
obtaining chemically pure OTC from
its commercial hydrochloride salt could
reduce the cost of ICA tests designed to
detect antibiotic residues in food.

- A method for obtaining chemically pure OTC from OTC HC for veterinary
use has been developed, and OTC-BSA and/or OTC-OVA conjugates have been

prepared;

- The homogeneity of the conjugates has been proven by HPLC and

spectrophotometric analysis;



- OTC-BSA, as an immunogenic preparation, may be used to obtain
oxytetracycline-specific antibodies;

- The obtained results will be used in our further study in order to design a
domestic competitive ICA test for the detection of OTC in livestock products.

Information on financing
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AHHOTALUA

OKCUTETpaIlUKIUH IIUPOKO UCIIONB3YeTCS B BETEPUHAPUU [IJIS1 JICUCHUS
KUBOTHBIX, a TaK)K€ B KaueCTBE CTUMYJISITOpOB pocta. [Ipu HecoOmoaeHun npaBui
WCIIOb30BaHUs aHTHOMOTUKOB, OHHU MOTYT OKa3blBaTh  HEOJArONMpUSTHHIC
MOCJICICTBUS HA 3/I0POBBE JIIOJICH NP yNOTPeOICHUN MPOAYKTOB KUBOTHOBOJICTBA.
Bcemupnasi opranuzanusi 3/paBOOXpaHEHUST YCTAHOBUJIA TMPEAEIbHO-A0MYCTUMBIC
KOHIICHTPAIIMM AaHTUOMOTHUKOB B MOJIOKE W Msic€ ISl ONPEACIICHUS KOTOPBIX
TpeOYIOTCS TOUYHBIC, OBICTPBIE W HEAOPOTHE METOHbl. [l 3TOM Ienu ujaealbHO
NOJIXOIUT HMMYHOXpomaTtorpaduyeckuii anamuz (MXA), Omaromaps cKopocTu
aHaJu3a, BBICOKOM UYYBCTBUTEIBLHOCTH W TPOCTOTE B MpUMEHEeHHH. B HacTosmen
paboTe omHMcaHbl PE3yJbTaThl HUCCIAEIOBAHUM TIO TOJYYEHHUIO KOHBIOTaTa
okcuterpauukinHa (OTL) ¢ ObrubuM cbiBOpoTOUHBIM anbOymuHoMm (BCA) w/unm
oBatbOymMuHOM (OBA). OTII OblT XMMHUYECKH OYMINECH W3 TUIPOXJIOPHIHOU COJIU
autuouoTuka (OTL[ I'X), KOTOpBIN MHUPOKO UCTIOIB3YETCS B JKMBOTHOBOJCTBE U IO
neHe ~ Oonee  JOCTymeH, 4Ye€M  €ro  XMMHYECKM  YHUCTBIA  aHaJjor.
CrekTpohOTOMETpUYECKUI aHATN3 MPUTOTOBJIEHHBIX KOHBIOTATOB M MMMYHHU3AIIHS
UMHU  J1a0OpaTOPHBIX JKUBOTHBIX TMoOKazanu mnpurogHocts OTL, xumuyecku
ountennoro u3 OTL I'X, nns ciuuBku B Mosiekynbl BCA w/unu OBA u nonyueHus
ranteH-cnenu@uuupix  aHTuTen.  [lodydeHHble  pe3ynbTaThl  MOTYT  OBITh
WCIIOIb30BaHbl TPU HW3TOTOBIEHMH KOMIOHeHTOB HNXA - wmeuensix OTIL-
crenuUYHBIX aHTUTEN U aHTUTEHA TECTOBOM JIMHHH.

KioueBble cj10Ba: OKCHUTETPAIMKINH; OBIYMI CHIBOPOTOYHBIN aabOyMUH;
OBATbOYMHH;  KOHBIOTAT, AaHTHOWOTHK,  BBICOKOI(PGMEKTUBHAS  >KMJIKOCTHAs
xpomatorpadus; CieKTpoHOTOMETpHUS.

Tyiiin

OKcuTeTpallMKJINH BETEpUHApUALA Majibl €MJIey VIIIH, COHJail-aKk ecy
CTUMYJIATOPJIAphl PETIHAE KEHIHEH KOJIJaHbUIaabl. Erep Man mapyalibUIbIFbIHIA
AHTUOMOTHUKTEP/Il KOJAAHY €pexerepl cakraiaMmaca, ojlap TaraM ©HIMAEpPl apKbLIbl
agaMJapAblH IEHCAYJIbIFbIHA KEep1 9CEPIH TUTI3Yl MYMKIH. JIyHUEKY3UIIK JIeHCayJIbIK
CaKTay YHbIMBI CYT TME€H €TTe AaHTUOMOTHKTEpJIH IIEeKTI pYKcaT eTUIreH -
MeJIiepiepin OenruieNi, aja onapAbl aHbIKTAay YIIIH 1o, KbUIJaM OHE ap3aH
omictep KaxeT. Ocbl MaKcaTTa HOTHXKE KbUIIAMJbIFbIHA, JKOFAphl CE3IMTaJbIFbIHA
KOHE KOJJAHYAbIH KapanalbIMAbUIbIFbIHA OaiIaHBICTEI UMMYHOXPOMATOT PApUSITBIK
tanaay (UXT) ere komaitnbl onic. byn xxymbicta okcuterpanukiuaniy (OTL[) Oyka
capsicybl anbOymMuHiMeH (BCA) xone/nemece oBasibOymuameH (OBA) koHbrOraTbin
naibiHaay OolbiHIIa 3epTTey HoTwkenepl Oasuaanrad. OTL man mapyanbuibFbIHIA
KCHIHEH KOJIJIaHbIJIAThIH YXOHE OHBIH XMMUSJIBIK Ta3a aHAJIOTbIHA KaparaHjaa KoJj



KETIMA1 OOJbIN TaOBUIATBIH aHTUOMOTHUKTIH ruapoxiopuari ty3siHan (OTL[ I'X)
XUMMUSITBIK o/icTieH Ta3apThLIFaH. JlaiipiH1anFan KOHBIOTaTTap/Ibl
CHEKTPOPOTOMETPHSIIBIK ~ 3€PTTEY KOHE OJIADMEH 3E€pTXAHANIBIK JKaHyapJjapabl
ummyHuzauusiiay  OTL[ I'X-smen xumusnelk  Tazapteuiran  OTLH-nin  BCA
xoHe/Hemece OBA MonekynanapbIMEH KOChUIA ajldyblHA  JKOHE TallTeHre TOH
aHTHUJICHEJIEp/l TY3€ ajdyblHa *apamabUIbIFbIH KOpceTTl. AnbiHFaH HoTmwkenep UXT
KOMIIOHEHTTEpiH, artam aiitcak TecT xyueciHiH OTL[-meH TanOananraH apHaiibl
AHTHU/ICHEJIEPIH )KOHE CBIHBIK CBI3bIFBIHBIH AHTUTEHIH OHJIpYAE MaillaJaHbLTybl
MYMKIH.

Kinar ce3nep: okcuteTpauMkianH; OyKa capbICybl albOyMHHI; OBaJbOyMUH;
KOHBIOraT;  AHTUOMOTHK;  OHIMJAUII  JKOFapbl  CYHMBIK  Xpomarorpadus;
CrieKTpo(hoTOMETPHSI.



