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ASSESSMENT OF SORPTION AND TOXICITY
OF FLUOROQUINOLONE ANTIBIOTIC IN AGROECOSYSTEMS

L. Symochko

JBH3 «YxuceopodcvKkuil HAuioHaAbHULl YHI6epCUmem»

Hasedeno pesyssmamu docaidxcens copoyii anmubiomuka kaacy pmopxinononie — enpogp-
NOKCAYUHY PIBHUMU CIAbCOK020CN00APCOKUMU KYAbMYPAMU 30 8HECEHHS. PI3HOT 11020 KOHUeH-
mpayii y rpyum: 1000 me*ke';100 me*xe™!; 10 me'ke™!. Excnepumenmansui docaioncenns
3aceiouuu, wo aKkmueHicms NOAUHAHHSA AHMUOIOMUKA 3anedHcUumb 8i0 1020 KOHUeHMpayii
Y IpyHmi i udy cinbCbkoeocnodapcvkoi pocaunu. Bcmanoéneno, ujo HallakmugHiue anmu-
oiomuk noeaunaroms Lactuca sativa var. Crispa i Calendula officinalis. Minimansuum ymicm
enpogaokcayuny ceped n’asmu pocaun 0ye y Mentha piperita. Buecenns y rpynm eHpogaok-
cayuny é Konyenmpauii 1000 me*ke™! cnpuuunse opmysanna ucokoeo piena mokcuuHocmi
rpyumy. B moodeavnux exocucmemax 3 Thymus serpillum ma Mentha piperita moxcuunicmo
rpynmy cmanosuaa nonad 70% 6 excnepumenmax in vitro i 8 cepeonbomy Ha 7% menuie
6 — in vivo.

Karouoei caosa: enpoghnokcayun, azpoekocucmema, QimomoxcuuHicms, aHmubiomux, cinb-
CbK020CN00aPChbKi pOCAUHU.

The fluoroquinolones are one of the most
used classes of antibiotics. Enrofloxacin be-
longs to the class of fluoroquinolone antibi-
otics that have been intensively used for the
treatment of bacterial infections in veterinary
medicine. Once antibiotics enter the ecosys-
tems, they can be treated as an ecological
factor, driving the evolution of the commu-
nity structure [1, 2]. Accordingly, the change
of community structure influences the eco-
logical function of soil and water ecosystems
such as biomass production and nutrient
transformation. Indirect effects from the an-
tibiotic disturbance to the micro-ecosystem
are largely unknown, and it is expected that
such disturbance might have significant and
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long-term effects on the rate and stability of
ecosystem functioning [3—-5].

In the environment, enrofloxacin can un-
dergo degradations by different processes
including photolysis, biodegradation and ox-
idation by mineral oxides but it is not sensi-
tive to hydrolysis. Despite these degradation
mechanisms, environmental half life time of
enrofloxacin is very long. This long environ-
mental persistence of enrofloxacin can affect
the growing of plant and the activity of the
soil microbial communities.

As final products of metabolism, enro-
floxacin and its metabolite ciprofloxacin end
up in excrement [6, 7]. Livestock manure is
commonly used as organic fertilizer. One of
its uses is on the fields where food plants are
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grown. The manure includes the residue of
fluoroquinolones in addition to other drug
residue. Plants can also intake fluoroquinolo-
nes along with minerals. The intake of drugs
in small amounts can lead to drug resistance
in pathogenic microbes and cause allergies
and liver damage. Raw materials of animal
origin are subject to strict state controls.
There are no limits concerning raw materi-
als of plant origin from agroecosystems. In
the case of raw materials of plant origin, at
state level only pesticide residues, nitrates,
heavy metals are controlled, but not anti-
biotics.

The aim of this work has been to evalu-
ate enrofloxacin phytotoxicity and uptake in
crop plants by a multiple concentration test,
controlling after fixed times (90 days) the
effects of different concentrations.

MATERIALS AND METHODS

A feature of this work was the study of the
sorption of enrofloxacin by crop plants. For
this, the following plants were used as test
objects: Lactuca sativa var. crispa, Anethum
graveolens, Thymus serpillum, Mentha pipe-
rita, and Calendula officinalis. Based on the
literature data, three model concentrations
of enrofloxacin were selected for our studi-
es: 1000 mg-kg™'; 100 mg-kg™'; 10 mg-kg™!
in model agroecosystems. Studies were con-
ducted in vivo and in vitro. Spiked soils were
placed into nonporous plastic plant pots to
give a total of 60 pots. This gave 3 replicates
per compound with different concentration
for assessing uptake by crop plants plus cont-
rol. Each pot received 20 seeds. The plants
were grown under controlled conditions in
phyto-chamber: light intensity, 10000 Ix with
a 16/8 h light/dark cycle; humidity, 70%;
and temperature, 20°C during the light cycle
and 15°C during the dark cycle. Plants were
grown for 90 days. After this time, samples
of plant material were removed from each
pot, weighed, and placed in glass jars prior
for analysis. The amount of enrofloxacin was
determined in triplicate on each sample by
High Performance Liquid Chromatography
(HPLC). Enrofloxacin in plants was extracted
according to the method of Palmada et al. [8]:

250 mg plants (dry weight) were extracted in
10 ml acetonitrile containing 1% acetic acid,
then homogenized, sonicated (50), vortexed
(10) and centrifuged (100 ) at 3000 g. The
supernatant was then collected and dried by
nitrogen stream. The residue was suspended
in 5 ml phosphate buffer pH 7.4, defatted by
a double liquid-liquid partition with 3+3 ml
N-hexane followed by a double liquid-liquid
partition with 3+3 ml chloroform. The orga-
nic phases were pooled and dried by nitrogen
stream. The residue was suspended in mobile
phase and 50 ul were injected into the HPLC.
Phytotoxicity (%) of soil in model ecosystems
after 90 days of experiment was determined
according to standard method with modi-
fication [9]. As test object was used lettuce
(Lactuca sativa L).

Results were expressed as means (£) stan-
dard deviation (SD) and (SSDys5) smallest
significant differences of experiments were
conducted in quadruplication. Data were
evaluated using the software Statistica 7.0.

RESULTS AND DISCUSSION

Veterinary and human medicines are in-
creasingly being monitored in slurry, soils,
surface waters, and groundwaters. Therefore,
concerns have been raised over the impacts of
environmental exposure routes on human and
environmental health [6].

In this study the potential for medicines
to enter the food chain via uptake from soil
into food plants was explored. The results
demonstrate that following application of
enrofloxacin to plants at environmentally re-
alistic concentrations, selected substances are
taken up at detectable levels.

Figure 1 shows the results of the accumu-
lation of enrofloxacin by plants such as: Lac-
tuca sativa var. crispa, Anethum graveolens,
Thymus serpillum, Mentha piperita, Calendula
officinalis.

The most active enrofloxacin from the soil
was absorbed by Lactuca sativa var. crispa,
and Calendula officinalis. When applied to
the soil of enrofloxacin at concentration of
1000 mg-kg ! in the salad’s phytomass its
concentration was 60.71 mg-kg ! and in calen-
dula — 49.03 mg-kg !
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Accumulation of enrofloxacin by plants (applied it to soil in concentrations: 1000 mg-kg™';

100 mg-keg™'; 10 mg-kg™")

The lowest content of enrofloxacin was
found in Mentha piperita with all three ex-
perimental concentrations of antibiotic in the
soil. Experimental studies have shown that
the Anethum graveolens and Thymus serpil-
lum absorb antibiotic at the same level. At
an experimental concentration of 10 mg-kg !
of antibiotic, its content after cultivation of
90 days was 0.34 mg-kg ! in Anethum graveo-
lens, and in Thymus serpillum 0.33 mg-kg !,
at concentration of enrofloxacin 1000 mg-kg !
its content in plants was significantly greater
and were 24.80 and 24.23 mg-kg '. The results
of the studies showed that there is a species
differentiation of cultivated plants accor-
ding to the activity of absorbing the antibi-
otic from the soil. Salad and calendula absorb
the antibiotic the most actively, and mint was
less active. Antibiotic effects on ecosystems
are related to its concentration, bioavailabili-
ty, exposure time and the addition of sub-
strates. When antibiotics get into the arable
land, they could possibly impact vegetation
growth and development as well as soil mic-
robial activity. Phytotoxicity of a chemical
can be assayed using seed germination and

plant growth tests. Limited studies have been
conducted to investigate the phytotoxicity of
some antibiotics to crop plants.

The biotesting demonstrated that antibio-
tics could negatively affect plant seed ger-
mination, but the effects varied between the
plant species and between the concentrations
of antibiotics used in the tests. Among the
five plants, the high effect of toxicity in soil
has been observed with cultivated Thymus
serpillum and Mentha piperita.

As our studies showed, the toxicity of en-
rofloxacin in the soil in experiments in vivo
was on average 10% lower than in labora-
tory tests. The highest phytotoxic effect was
observed in the soil of model ecosystems,
where the concentration of enrofloxacin was
1000 mg-kg'. It should be noted that in the
soil where Lactuca sativa was grown, the
phytotoxic effect was 56.17% (in vitro) and
49.22% (in vivo). This is due to the active ab-
sorption of antibiotic by plants, which mini-
mized the toxicity of the soil.

The different terrestrial toxicological ef-
fects of enrofloxacin were observed through
using a series of bioassays and including sorp-
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Phytotoxicity (%) of soil in model ecosystems after 90 days of experiment

In vitro In vivo
Plants Concentration of enrofloxacin Concentration of enrofloxacin
1000 mg-kg'| 100 mg-kg™' | 10 mg-kg™' |[1000 mgkg | 100 mg-kg ! | 10 mg-kg!
1 | Lactuca sativa | 56.17+1.31 | 33.40+1.34 | 22.43+1.29 | 49.22+1.17 | 30.10+1.22 | 15.47+1.31
2 | Calendula
officinalis. 48.22+1.28 | 28.32+1.18 | 16.37+1.24 | 43.67+1.07 | 24.33+1.35 | 12.30+1.13
3 | Anethum
graveolens 67.49+1.26 | 46.88+1.11 | 32.49+1.26 | 60.42+1.32 | 41.81£1.39 | 25.99+1.45
4 | Thymus
serpillum 77.30+1.34 | 55.99+1.29 | 41.39+1.18 | 70.39+1.44 | 48.33+1.12 | 37.34%1.44
5 | Mentha
pipenta 71.47£1.09 | 61.23+1.31 | 38.43+1.22 | 67.40+1.33 | 55.22+1.37 | 33.71+1.02

tion of fluoroquinolone antibiotic by five crop
plants. Enrofloxacin is highly resistant, its
biodegradation process is longer than other
antibiotics, it is actively absorbed by the
plants, and therefore it is necessary to control
its content in phytoproducts.

CONCLUSION

The use of fluoroquinoline antibiotic on
the farm leads to its accumulation in the
soil, which is due to its long biodegradation.
Experimental studies In vivo and In vitro have
shown that the absorption activity of an anti-

biotic depends on its concentration in the soil
and the species of agricultural plants. Lactuca
sativa and Calendula officinalis absorb enro-
floxacin the most actively. The smallest con-
tent of enrofloxacin among five crop plants
was in Mentha piperita. The high concentra-
tion of enrofloxacin in the soil causes signifi-
cant phytotoxic effect. In model ecosystems
with Mentha piperita and Thymus serpillum it
was more than 70%.
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HOBUMHU —

IHOBIIOMJIEHHS

12 Bepecus 2017 p. B IncrutyTi arpoekouiorii i mpuponokopucrysants HAAH BinGyio-
Cs1 3aCilaHHs KPYTJIOTO CTOJTY Ha TeMy: «bioreoximist MikpoesieMeHTiB B arpoJsianniadTaxs.
Y poboTi Kpyryioro cTosy B3siid ydacth 26 (GaxiBiiiB, siKi MpeACTaBJISIN PI3HOMAHITHI
HAIPsIMU GIOTE€OXIMIYHIX IOCJI/[KEHD MIKPOETEMEHTIB Ha 3eMJISIX CLITbChKOTOCIIOIAPCHKO-
TO MpU3HaYeHHsI YKpaiHu, 110 MpoBoAAThesl HarlionaabHOO akaeMi€eo arpapHiux HayK
Ykpainu, HartionanbHoro akajiemi€io HayK Ykpainu, MiHicTepcTBOM €KOJIOTi1 1 TPUPOIHUX
pecypciB Ykpainu ta MinicTepcTBOM arpapHoi MOJIITUKY Ta TTPOJOBOJIBCTBA YKpaiHU.

¥V paMKkax J0T0BiIeil 06roBOPEHO aKTyaslbHi IMTaHHs Teopii 1 mpakTuKU GioreoxiMiy-
HUX JIOCJI[UKEHb, cepe/l IKUX: 3HaueHHst GioreoximiuHoro Buentst B.1. Beprajcbkoro st
arpoeKOJIOTIYHUX TOCTIKEHb, BIUINB MiKPOEJIeMEHTIB Ha JKUBJIEHHS CLIBCHKOTOCTIONAP-
CBKHX KYJIBTYP, €KOJIOTIYHA TEOXIMisl IPOMUCJIOBUX Ta CiIJIbCHKOTOCIIOIAPCHKUX JIaH mag-
TiB, €KCTPAKIIisl BAXKKUX METAJIIB CLIBCHKOTOCIIOAAPCHKUME KYJIBTYPaMi, Gi0reoxiMiuHmii
nuchanane MOKUBHUX MIKPOEJIEMEHTIB SIK YNHHUK eHIEMIYHOT 3aXBOPIOBAHOCTI HACETICHHS
YKpainu, arpoeKoJIoTigHe 3HAUEHHS T€0JI0TO-TeOXIMITHUX JOCIiIPKEHh OPHUX 3eMeJb Ta
MTPOMUCTIOBUX JIAHTIADTIB.

Y npuiiHATIN Pe30IoNii KPYTJI0TO CTOJY Ti/IKPECJIEeHO TaKi aCleKTH:

1. Bioreoximiune Buenns B.1. Bepuasicbkoro € TeOpeTUUHOIO i METOIOJIOTIYHOIO OCHO-
BOIO BUBYEHHS XIMIYHOTO CKJIAJLY CiJTbCHbKOTOCHOJAPCHKUX KYJIBTYP SK SKUBOI PEYOBUHU
Y CKJIAJIl €IMHOI CUCTEMU «BOJIa — TiPChKi TTOPOIN — IPYHTU — POCJIMHAY.

2. ArponanamadTHe paifoHyBaHHS 3eMeJIb CiIbCHKOTOCITOIAPCHKOTO TIPU3HAYCHHS Ta
TIPUJIETIINX TEPUTOPIN € METO0JOTIYHOI OCHOBOIO /I y3araJabHEeHHS 1 aHali3y MaTepia-
JIiB arpoXiMiYHOTO MOHITOPUHTY I'PYHTIB. J[OIITbHUM € BiTHOBJIEHHS CTPYKTYPHUX Ii/1p0O3-
JIJIIB €KOJIOTIYHOI 1HCIEKITi1 Y MeKaX 3eMeJb ClIbChbKOTOCIIOAAPChKOTO MIPU3HAUYEHHS.

3. 3 MeTOoIO0 Mi/IBUIIEHHST PIBHSI HAYKOBOTO OOTPYHTYBAHHSI arPOEKOJIOTITHOTO OI[iHIO-
BaHHS 3eMeJTb HeOOXiTHO TIPOBOIUTH CITLIbHI OCTIKEHHST CHCTEMU «TPYHT — CLIbCHKO-
roCIoapChKa KyJIBTypa» Ta 3aCTOCOBYBATH KIJIBKICHI MOKasHUKM 610Te0XiMIYHOTO CTaHy
TPYHTIB 1 BOJI.
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