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Toxicity study of antibiotics to the common duckweed (Lemna minor)

The following paper demonstrates the results of the scientific study of toxicity effect of five antibiotics as
amoxicillin, clarithromycin, azithromycin, sulfamethoxazole and oxytetracycline hydrochloride to the growth
of common duckweed Lemna minor. It was defined that the half maximal effective concentration of five pre-
viously mentioned antibiotics was equal to 27.8, 15.29, 28.77, 3.67 and 13.51 mg/L respectively. Overall, the
results of the study showed that the duckweed was sensitive to all selected compounds, however
sulfamethoxazole was the most toxic to these species. The present study is significant, as currently people
consume antibiotics in huge amount. Their occurrence on the surface was found around the world and their
effect to the environment and living organisms are not fully studied yet. The recent studies show that in most
cases they have adverse effect to the aquatic microorganisms.
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Introduction

An antibiotic is the substance that has tendency to demolish or suppress the growth of bacteria, fungi,
protozoa and other microorganisms and helps to defeat viruses [1]. Over the 50 year antibiotics have been
using for treatment of public health. However, currently they led to another issue such as overuse of them.
The consumption of antibiotics varies among 100,000-200,000 ton per year [2]. When antibiotics enter to
the environment, they can have negative impacts on living organisms. It is not well known yet, if antibiotics
stimulate antibiotic resistance in microorganisms [1].

The interaction of drugs with the natural environment and biological species are poorly studied. In most
cases, they have common properties as dangerous pollutants, because they can enter to the membranes and
be persistant and in some cases their impact to the environment can be worther than agricultural pollutants
[3, 4]. Active pharmaceutical ingredients (APIs) can be easily absorbed and interact with living organisms.
As a result they can have unintetial adverse effect to the wildlife [5]. The environmental effect of
pharmaceuticals can be related to any level of biological hirarchy as cells-organs-populations-ecosystems.
Moreover, drugs can have impacts on function of organisms, endocrine distruption, genotoxicity, metabolism
or it can change nutrition cycle of ecosystem [6].

Effects of pharmaceuticals on aquatic organisms have been reported in many papers [7, 8]. Chronic tox-
icity studies can have effects in low concentration on fish, daphnia, algae and bacteria. For example, the
range of wastewater concentration of diclofenac was enough to have adverse impact on aquatic organisms,
while maximally measured sewage treatment plant (STP) effluent concentration of propranolol and fluoxe-
tine had negative effect on zooplankton and benthic organisms [8]. Another harmful effect of pharmaceuti-
cals is endocrine disruption. It effects to the function of hormones and can be permanent even at low level
[7]. Also, estrogens that were detected in aquatic environment had an adverse impact on fish reproduction
and could lead to the population decline [§].

Amoxicillin is a widely spread p-lactam antibiotic, that used in human and veterinary medicine. It sup-
presses peptidoglycan synthesis in bacterial cell wall [9]. Currently, this substance is one most popular prod-
uct in sale in some European and Asian countries. Furthermore, amoxicillin is not stable and therefore it is
hard to detect its concentration in natural water [10].

Another compound is sulfamethoxazole, that is a bacteriostatic broad-spectrum antibiotic, that is wide
spread in the pharmacy. Its acute bacterial toxicity is low, because it has biosynthesis-related mechanisms of
action [11]. Azithromycin is a macrolide antibiotic and it has a wide spectrum. It is consumed to treat and
prevent diseases as toxoplasmosis, pediatric infections and respiratory tract infections [12]. Oxytetracycline
hydrochloride is a tetracycline broad-spectrum antibiotic that has a bacteriostatic action. This action works
against different gram-positive and gram-negative bacteria [13]. Clarithromycin is a macrolide antibacterial
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and its structure is common to erythromycin. The highest concentration of clarithromycin occurs in tissues
rather than in the blood [14].

According to Gonzalez-Pleiter et al. [15] investigation, there are a large number of publications on anti-
biotic pollution in Europe, Asia, North America countries. They were found in various concentration in river
water, seawater, sediments, soils, manure and STP effluents and detected in low concentration in waters.
Nevertheless, because they enter to the environment continuously, antibiotics regarded as «pseudopersistant»
pollutants [15].

The majority of studies on toxicity of antibiotics are concerned mostly on bacterial resistance. However,
there is deficit data on their impact to higher plants. For instance, macrophytes and phytoplankton are main
biomass in marine environment and main carbon source for the aquatic biosphere. There were not many in-
vestigations done on duckweeds. Moreover, available data is not enough for regulation purposes. Neverthe-
less, it is believed that primary producers are more sensitive to antibiotics in comparison with algae species
[16, 17].

Duckweeds are basically ubiquitous in nature. They can be meet on relatively fresh water as ponds,
lakes and quite streams. Lemna minor is the most widespread duckweed species [18]. Duckweeds are well
known test organisms since the 1930, toxicity of phemoxy-herbicides on plants were found by using them
[19]. There are many advantages on selecting duckweeds Lemna minor as the object for the toxicity study.
They do not need the big laboratory equipments and can be easily observed without usage of microscope.
Growth inhibition test on Lemna minor is not a long term and does not require expensive vessels, disposable
vessels can be used [18].

The aim of the current study was to assess the toxicity of five antibiotics and to the duckweed Lemna
minor.

Methods

All antibiotics were purchased from Sigma Aldrich UK. Table 1 provides information about their phys-
icochemical properties. Lemna minor species were kindly presented from Food and Environment Research
Agency UK. Table 1 provides information about the present compounds used for the toxicity test.

Table 1
Properties of the five study antibiotics
Amoxicillin Clarithromycin Azithromycin Sulfamethoxazole Oxytetracyc.line
hydrochloride
CAS-no 26787-78-0 [20] | 81103-11-9 [20]] 83905-01-5 [20] 723-46-6 [20] 2058-46-0 [20]
Molecular C16H19N3O5S [20] C38H69N013 [20] C38H72N2012 [20] C10H11N303S [20] C22H25CIN209 [21]
formula
Molecular 365.40416 [21] 747.953 [21] 748.98448 [21] 253.27764 [21] 496.897 [21]
weight, g/mol
pKa 3.23 [20] 8.99 [20] 8.74 [20] 6.16 [20] 3.27 [20]
Solubility in 3430 [20] 1.693 [21] 2.37[21] 610 [20] 1000 [21]
water, mg/L
LogKow 0.87 [20] 3.16 [20] 4.02 [21] 0.89 [20] -0.90 [21]

Toxicity test on Lemna minor was made as suggested by OECD 221 Guidelines [22]. Two to four frond
colonies were put in 15 mL Petri dishes with 10 mL of duckweed nutrition solution (Swedish SIS medium).
The toxicity test was set up with five selected concentrations (from 10 to 100 mg/L) and controls.

Duckweeds with two or three fronds were selected for the test and three replicates were used for con-
trols and test samples. All samples were incubated to environmental growth room with temperature 24+2 °C
and the light intensity 85-135 pE*m’s” for 7 days. The pH was measured at the beginning of the test and
after 7 days. The number of fronds were counted at the start, then after 3 days and after 7 days of toxicity
test. Based on number of fronds, the growth rate of Lemna minor was calculated following the OECD guide-
line Equation (1) [22]:
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where p, , — mean growth rate from time i to j; N; — measurement variable in the test or control vessel at

time /; N; — measurement variable in the test or control vessel at time j; £ — time period from i to ;.

In addition, the following test detected the total frond area. Total frond area was found by using ImageJ
software. Then, based on the value of total frond area the growth inhibition was calculated by the following
equation (2) [22]:

%l =M w00 )
e
where I, — the percentage of inhibition in average specific growth rate; uc — mean value for p in the con-
trol; pt — mean value for p in the treatment group.
The half maximal effective concentration (ECsy) was found with non-linear regression analysis. Each
test compound was tested for identification of significant effects (p < 0.05) with using a one-way analysis of
variance (ANOVA).

Results

According to EU-Directive 93/67/EEC chemical compounds can be categorized based on the half max-
imal effective concentration (ECsy) value (Table 2) [23]. Figure illustrates dose effect parameters of selected
compounds. Overall, ECs, values ranged from 3.8 mg/L to 28.8 mg/L.

Table 2

Classification of substances according to their EC50 value
(Adopted from EU-Directive 93/67/EEC [23])

Concentration Classes
<1mg/L Very to aquatic life
1-10 mg/L Toxic to aquatic life
10-100 mg/L Harmful to aquatic life

ECsy value considering as a toxic to aquatic organisms were detected for azithromycin,
sulfamethoxazole and oxytetracycline. Sulfamethoxazole showed the highest toxicity with ECso = 3.67 mg/L.
Azithromycin showed less toxicity in comparison with other substances, its ECs, was 28.77 mg/L.
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APIs — active pharmaceutical compounds; ECsy — half maximal effective concentration;
CLM — clarithromycin; OXT — oxytetracycline hydrochloride;
SLM — sulfamethoxazole; AZM — azithromycin; AMX — amoxicillin

Figure. The comparison of effect concentration parameters of five antibiotics (p < 0.001)
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Discussion

The results of growth inhibition test showed that Lemna minor is sensitive to antibiotics. In most cases,
ECs, values were lower than 10 mg/L, which was considered as toxic to aquatic organisms. The selected
compounds in the present study were detected in various concentration around the world. For instance,
sulfamethoxazole was detected in range of 0.05-0.09 png/L concentration in effluents of European countries
[24]. The concentration of azithromycin was found in Germany surface water and ranged from few ng/L to
13 ng/L [25]. The high concentration (2.20 pg/L) of oxytetracycline was detected in China [26]. Amoxicillin
was also found in high concentration above 70 ng/L to 300 ng/L in South Wales of the UK [27]. Clarithro-
mycin concentration in Glatt river in Switzerland reached 75 ng/L [28].

In most cases the following antibiotics showed toxicity to aquatic environment in previous studies. Pan
et al. [9] investigation showed that amoxicillin had a toxic effect on the photosystem II of Syrechocystis sp
and inhibit the transport of donor side and acceptor side. Sulfamethoxazole has a toxic effect to Gram-
negative bacterium P.putida, its half maximal inhibition concentration (ICsy) was 256 ug/L [29]. Pro et al.
[30] found that oxytetracycline is toxic to Lemna minor in concentration 4.92 mg/L. Cleuvers [31] study of
Lemna species to various active pharmaceutical ingredients such as carbamazepine, diclofenac, naproxen,
ibuprofen, metformin, propranolol and metoprolol, showed that it is very sensitive test species, its ECsy val-
ues was around 7.5-320 mg/L. Furthermore, higher plants Lemna was sensitive to five compounds of sul-
fonylurea herbicides [32]. Orvos et al. [33] study states that triclosan can have impact on higher plant species
as Lemna. Sulfamethoxazole was the most toxic antibiotic to Lemna species in various studies, as its ECs
ranged from 146 to 7800 ug/L [34].

All those mentioned above compounds were included to the European Union (EU) watch list. EU watch
list is the technical report that presents data on concentration of chemicals which pollute aquatic environ-
ment. The key objective of this report is to detect substances that can pollute the environment and put them
in the list of under regulation of Water Framework Directive [35].

In conclusion, antibiotics cause toxicity to aquatic environment. Their effect to microorganisms are un-
predictable. Including the fact that the consumption of pharmaceuticals in Kazakhstan is growing, tt is rec-
ommended to conduct further studies with other aquatic species as daphnia, algae in order to assess the toxic
effects of antibiotics.
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AHTHOMOTHUKTAPABIH Killli 0aJAbIpIIenTepre
(Lemna minor) yJ1bUIBIFbIH 3€PTTEY

Makanana aMOKCHLIMJUIMH, KJIAPUTPOMHIMH, a3UTPOMMIMH, CyJIb()aMETOKCAa30] XOHE OKCHTETPALUKINH
THAPOXJIOPU/I aHTHOMOTUKTAPABIH Lemna minor Kiuii 6aiapipiiebine yIbUIbIFbI 3ePTTEITSH FBUIBIMH KYMBIC
HOTIKeNepl kepceTireH. JKYMBICTBIH MakKcaThl — 3epTTeleTiH (apMaleBTHKAIBIK NpenapaTTapIbH Killi
OanmpIpIIen ecyiHe TOKCHKAJBIK ocepiH Oaranay. AMOKCHIIWIUIMH, KIAPUTPOMHIMH, a3UTPOMHUIIMH,
CyNb(haMeTOKCa30JI KHE THAPOXIOPU OKCUTETPAUKIMHHIH OCBl OCIMAIKKE >KapThlUIall MaKCHMAIIIBI dcep
eTy KoHIeHTpanwmscel 27.8, 15.29, 28.77, 3.67 xone 13.51 wMr/n HoTIXKeNepiHe colikec OONIbl. 3epTTey
HOTIOKenepi OoWblHIIA Lemna minor Oapiblk 3epTTENreH 3aTTapra Ce3IMTANIBIFbl JKOFAphl, anaina
cynbdameTokcason Kimn Oangpipinebine eH yibl aHTHOMOTHK Ooibin Tabbuiabl. Kasipri ke3me Oy 3eprrey
o3ekTi, ce0ebi amamaap aHTHOMOTHUKTEpHi YJIKeH Kesemie TyThiHagsl. OHBIH Medmiepi OeTkell cyiapna
Ke3Jlece/ll KOHEe OJIap/iblH KOpLIaFraH OpTa MEH Tipi ar3aimapra ocepi i ToJbiFbIMEH 3eprrenmereH. COHFbI
3epTTeyiep HOTWXKeNepiHe Colikec, aHTHOHMOTHUKTAPABIH Cy MHKpOAr3alapblHa JKaFbIMCBHI3 ocepi JoJIeNIeHiI
JKATBIP.

Kinm ceo30ep: aHTHOMOTHKTap, Kimm OalmbIpIIeN, SKOTOKCHKOJOTHUS, aMOKCHIWUINH, KJIApPUTPOMHUIIVH,
A3UTPOMUIINH, CYJIb(haMeTOKCa30JI, OKCUTETPAUKIINH THAPOXJIOPHAi, OeTKi cymap.
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HN3ydyeHHe TOKCHMYECKOTO BO3/IEHCTBHUS HA POCT PSACKH MaJioll (Lemna minor)

JlaHHas CTAThs SBISICTCS PE3yIbTATOM HCCIEHNOBAHUN IKOTOKCHKOJIOTUIECKOTO BO3ACHCTBHS MSTH aHTHOHO-
THKOB, TAKUX KaK aMOKCHIWJUIMH, KIaPUTPOMHUIMH, a3UTPOMHIUH, CYIb(haMeToKca30Ia U THAPOXIOPHUI OK-
CUTETpaIMKINHA, Ha POCT PSCKH Majoi Lemna minor. 1lenbio qaHHbIA paboTH OBLIO ONpeneeHie TOKCHIe-
CKOTO BO3/EHCTBHS JNAaHHBIX (hapMaleBTHUECKHUX IIPENapaToB Ha POCT PSACKH Majoi. BeliBieHo, 4TO MOIYy-
MakcuManbHas ddexTrBHas KOHIeHTpauus Obuta paBua 27.8, 15.29, 28.77, 3.67 u 13.51 mr/n mis amokcu-
LMJUIMHA, KIApPUTPOMULIMHA, a3UTPOMUIIMHA, CYJIb()aMeToKca30i1a ¥ T'HAPOXIOPHA OKCUTETPALMKIINHA COOT-
BETCTBEHHO. Ha ceropHsmHuil 1eHb 10N yIOTPEeOIISIOT aHTHOMOTHKY B OOJIBIIOM KOJIMYECTBe. Pe3ynbTaThl
UCCIICZIOBAHMUS TTOKA3aJIN BBICOKYIO YyBCTBUTEIIBHOCTh Lemna minor KO BCEM HCCIEAYEMbIM BEIIECTBaM, O]
HaKo cyib(aMeTokca3osl oKasajics HamboJiee TOKCHYHBIM M3 HCCIIENyeMBIX aHTHOMOTHKOB. B HacTosiee
BpeMs IaHHOE HCCIIeIOBaHHE OCOOCHHO aKTyaslbHO, IOCKOJIBKY aHTHOMOTHKM ObUIM OOHapy)XEHBI Ha IO-
BEPXHOCTHBIX BOJIAX U MX BIIMSHHE HA OKPYXKAIOIIYIO CPey ¥ KHBbIC OPTaHU3MBI ellle He 10 KOHIa H3y4IeHO.
HenaBrue nccnenoBaHus IOKa3bIBAIOT, YTO B OOJBIIMHCTBE CIIy9aeB OHU BO3AEHCTBYIOT HEOIArONPHUSTHO HA
BOZIHbIE MUKPOOPTaHU3MBI.

Kniouesvie cnosa: anTUONOTHKH, PSACKA Masias, SKOTOKCUKOJIOTHUsI, aMOKCHUIUIUIMH, KIApUTPOMULIMH, a3UTPO-
MHIHH, CyIb(aMeTOKCa3011, THAPOXIOPH]] OKCUTETPALUKIIHHA, TTOBEPXHOCTHBIE BOJBL
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