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Toxicity of antibiotics mixture to the aquatic biota

Nowadays, the occurrence of pharmaceuticals in various concentrations in surface waters and effluents were
reported in many papers worldwide. The studies of developed countries showed that many pharmaceutical in-
gredients can have the negative effect on the growth and reproduction of environmental species. Neverthe-
less, pharmaceutical pollution has not been considered as environmental issue in Kazakhstan. Previous stud-
ies on pharmaceuticals were focused on the effect of single pharmaceutical ingredient exposure to living or-
ganisms. Nevertheless, in most cases pharmaceuticals occur in the environment in mixture forms. Therefore,
the aim of the following paper was to perform ecotoxicological test for the effect of the mixture antibiotics to
the growth of Lemna minor. The combination of five antibiotics as amoxicillin, clarithromycin, azithromycin,
sulfamethoxazole and oxytetracycline was used as objects for assessment study. Two measurement variables
were used for the evaluation: growth rate and growth inhibition. The results of the experiment showed that
the mixture of studied compounds is highly toxic to macrophyte, as the half-maximal effect concentration
was below 1 mg/L (0.13 mg/L).

Keywords: amoxicillin, clarithromycin, azithromycin, sulfamethoxazole, oxytetracycline, Lemna minor, eco-
toxicology, environment, pharmaceuticals, pharmaceutical pollution.

Introduction

In the last three decades of the studies, pharmaceuticals were classified as environmental pollutants and
it was concluded that they can lead to environmental contamination and even cause risk to human health.
Likely, the production and usage of drugs will grow in the future, as people live longer and consume more
pharmaceutical products when they become older. Moreover, the living standards are becoming higher and
the number of budget friendly drugs are increasing. As a result, it can lead to the increase of pharmaceutical
pollution worldwide [1].

Currently, above 3000 active pharmaceutical compounds as antibiotics, beta-blockers, painkillers, con-
traceptives, lipid regulators, tranquilizers and impotence drugs are consumed in the world. After usage phar-
maceuticals released as parent or metabolized form. The majority of drugs are well soluble in water and
therefore they easily enter to the aquatic system. The consequences of such releases and effect of pharmaceu-
ticals to the environment and human are not well studied. Medical substances do not release only in specific
location, they are spread worldwide everywhere. Furthermore, drugs do not meet individually, they occur in
mixtures [2]. Thus, pharmaceutical products can be included to the uncontrolled chemical stressors that enter
to the environment [3].

According to research by scientists at the University of Gothenburg in Sweden, clotrimazole pollutes
the ecosystem of the ocean. The community of natural microalgae Periphyton were used for their study. The
species were exposed to different concentrations of clotrimazole during 4 days. The results demonstrated that
clotrimazole violates algae metabolism. The fact that single-celled microalgae are the fundamental basis of
the food chain in the ocean, and the use of clotrimazole could affect the whole ecosystem of the ocean [4].

The well-known case of the negative impact of pharmaceuticals has been registered in South Asia. In
these countries, the population of vulture species as Gyps bengalensis, Gyps indicus, Gyps tenuirostris and
Sarcogyps bald declined sharply in 2000-2007. The reason for the extinction of this population became a
pharmaceutical formulation of diclofenac. This compound was used for the treatment of tumors and injuries
of cattle. After the introduction of the pharmaceutical compound, 0.3 mg of diclofenac were found in cattle
liver. Birds fed on the carcasses of those cattle and accumulated in their body in concentration up to
0.1 mg/kg. As a result, there was decline of more than 90 % of vulture population and this led to the increase
of wild dog population and consequently spread rabies [5-7].

Photoautotrophs as algae and macrophytes play an important role in total biomass in the aquatic system.
Moreover, algae and higher aquatic plants are the major carbon sources for the aquatic environment. Howev-
er, there have not been performed many toxicity test of antibiotics on macrophytes and algae. It can be noted,
that risk assessment results pay a big attention representatives of aquatic organisms [8].
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The aim of the following research was to assess the effect of mixture five antibiotics as amoxicillin,
clarithromycin, azithromycin, sulfamethoxazole and oxytetracycline to the growth of duckweed. Lemna mi-
nor was selected as object of the study. Overall, duckweeds occur in the majority of surface waters world-
wide. The most well-known duckweed is Lemna minor. This macrophyte is very convenient for ecotoxicity
study, as it is budget friendly and time saving. Moreover, there have not been conducted many studies on
effects of pharmaceuticals to duckweeds. Mostly, ecotoxicity studies are focused on impacts of drugs to fish
and algae [9].

Materials and methods

Antibiotics were supplied from Sigma Aldrich UK. Lemna minor were collected from Food and Envi-
ronment Research Agency. Table represents data about the study substances used for the ecotoxicity test.

Table
Physico-chemical properties of study compounds
Antibiotic Molecular formula Molecular weight, g/mol Solubility in water, mg/L
Amoxicillin Ci6H19N305S [10] 365.40416 [11] 3430 [10]
Clarithromycin C;33HgoNO15[10] 747.953 [11] 1.693 [11]
Azithromycin C3sH7»N,04,[10] 748.98448 [11] 2.37[11]
Sulfamethoxazole C1oH1N305S [10] 253.27764 [11] 610[10]
Oxytetracycline CpH,sCINyOg [11] 496.897 [11] 1000 [11]

Lemna minor growth inhibition test was performed according to OECD Guideline for the testing of
chemicals 221 [12]. In order to conduct Lemna minor ecotoxicity study, 15 mL petri dishes were used and
filled with 10 mL of Swedish SIS medium nutrition solution. Due to low solubility of macrolides in deion-
ized water, the stock solution of was made in ethanol. The mixture of antibiotics was made in ratio 2:1:1:6:5
(amoxicillin, clarithromycin, azithromycin, sulfamethoxazole, oxytetracycline respectively). The following
ratio was selected due to their exposure indices in surface waters of Kazakhstan [13]. Each petri dish includ-
ed 2—4 frond colonies with total 6-8 fronds. Ecotoxicological experiment was set up with three replicates test
compounds and six replicates of controls. The toxicity of antibiotics was assessed in concentrations from 0.2
to 1 mg/L. Fronds of Lemna minor were calculated at the beginning of the test, then on day 3 and day 7. The
area of the colonies in each test sample was detected using the image analysis software Image J. The effect
of test samples on growth of Lemna minor was assessed using response endpoints: growth inhibition and
mean specific growth rate of frond numbers [12].

Results and discussion

According to results of half maximal effect concentrations (ECsy) of five compounds to Lemna minor
was 0.13+0.02 mg/L. Figure demonstrates the growth inhibition and growth rate of tested duckweed to the
mixture of the compounds. Initially, tested concentrations ranged from 0.2 mg/L to 1 mg/L. However, at the
end of the test, the fronds in the samples with concentration 0.8 mg/L and 1 mg/L died and in concentration
0.6 mg/L almost total growth inhibition was recorded. The concentration value 0.6 mg/L led growth rate till
0.01 d”', while the value of controls in growth rate was 0.17 d™".
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Figure. The growth inhibition and growth rate of the mixture five antibiotics:
amoxicillin, clarithromycin, azithromycin, sulfamethoxazole and oxytetracycline
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The value of ECsy of combined compounds to duckweed is lower than 1 mg/L. According to EU-
Directive 93/67/EEC classification, this mixture is very toxic to aquatic life [14].

Overall, the results of the performed ecotoxicolgical test are persistent with previous with results of
previous research. In 2002, Cleuvers carried out investigation on ecotoxicological potential of prescription
drugs to aquatic organisms. For the research, he used pharmaceuticals as clofibric acid, carbamazepine, ibu-
profen, diclofenac, naproxen, captopril, metformin, metoprolol and propranolol and aquatic organisms as
crustacean Daphnia magna, green algae Desmodesmus subspicatus and macrophytes Lemna minor. The re-
sults showed immobilization in 24 and 48 hours. During the test, it was found that Desmodesmus subspicatus
and Lemna minor are sensitive to the most of drugs as they showed a high growth inhibition percentage. In
addition, in analysis of effect of drugs to aquatic organisms, Cleuvers identified that the mixture of medica-
tions had a stronger effect to tested organisms rather than individual exposure of substances. In view of this
study it may suppose that in most cases pharmaceutical compounds affect in combination to environmental
species [15].

A recent study by Aubakirova et al. found that amoxicillin, clarithromycin, azithromycin,
sulfamethoxazole and oxytetracycline individually also have a toxic effect to Lemna minor. Aubakirova et
al. highlighted ECs, of sulfamethoxazole below 10 mg/L and concluded that this antibiotic is highly toxic to
aquatic species [9].

In the same vein, in 2017 Bialk-Bielinska et al. have performed investigation on effects of the combina-
tion six antimicrobial sulfonaimides and their degradation compounds sulfanic acid and sulfanilamides to
green algae Scenedesmus vacuolatus and macrophyte Lemna minor. The study also included the assessment
of toxicity of individual substances as sulfanic acid and sulfanilamides to selected species. According to the
results, sulfanilamides are toxic to the species in the aquatic biota, whereas sulfanic acid does not cause risk
to aquatic organisms. However, the mixtures of sulfonaimides and sulfanilamides showed a high risk, as
their effect concentration (ECsy) value to Lemna minor was lower than 1 mg/L and to Scenedesmus
vacuolatus was around 1-1,5 mg/L. These outcomes demonstrate that single pharmaceutical compound can
be not toxic, but their combination is harmful to environmental species [16].

Conclusion

To sum up, over the last 20 years, there has been increasing interest in the occurrence, fate, effects and
risk of pharmaceuticals in the natural environment. However, we still have only limited or no data on
ecotoxicological risks of many of the pharmaceutical ingredients currently in use. Consequently, it is essen-
tial to conduct ecotoxicity studies of pharmaceutical substances on various environmental species. Nowa-
days, the most studies are focusing on individual impact of drug to aquatic biota. However, pharmaceuticals
occur on surface waters in the combination. Therefore, we believe it is significant to carry on research on the
effect of mixture pharmaceutical compounds to living organisms.
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Cy OuoracbiHa AHTHOMOTHKTEP KOCHACHIHBIH YJIbLIbIFbI

Kasipri yakpiTTa ITyHHEKY31 OOHMBIHIIA (apMaleBTHKAIBIK MpenaparTapAblH alyaH TYpJi KOHLEHTpauusiaa
OeTkell XoHE arblH CyJapja Tapalybl Typalbl KOITereH MaKajajnapjaa akmapar Oap. [lambiran ennepaif
3eprreyiepine coiikec, (papMaleBTHKAIBIK HHIPEIUEHTTEp SKOJOTMSUIBIK Tipl ar3ajapiblH ecyiHe >KoHe
ke0eroiHe jkarbIMCBI3 acep ereni. Jlerenmen, Kaszakcranna apMarieBTHKAIBIK JIACTaHy YKOJOTHSIIBIK Macene
peringe KapactelppuiMaraH. Jlopinik mpemaparrap OOMBIHIIA AJNIBIHFBI 3epTTEyJiep KaIFbI3 (hapmareB-
TUKaJBIK WHTPEAMCHTTIH Tipi ar3ara ocepiH KapacThIpraH. Aulaiija KopIlaraH opraja KeIl jKariaijia
(dapmaneBTHKAJIBIK Openaparrtap Kocna TypiHme keszgecemi. Con cebenti OepiireH MakKaslaHbIH MakcaTbl
aHTHOMOTHKTEP KOCHACBIHBIH Lemna minor ecyiHe 9CepiH 3epTTey]e SKOTOKCHKOJIOTHSIIBIK TECT XKYPTi3y
Oomnapl. bangeipmentiH ecyiH Oaranmay VIIiH 3epTTey HbBICaHa pPETIHAE AMOKCHLIWUIMH, KIApUTPOMHIIWH,
A3UTPOMUIINH, CYJIb(AMETOKCA30/ KOHE OKCHTCTPAIMKINH AHTHOMOTHKTEP KOCTACHI KOJAAHBIIIBL.
Baranayna eki eimem maiianaHbUIIB ©CY JKBUITAMIBIFEI MEH OCY TEXeIyi. 3epTTey HOTIXKeNepiHe calikec
3epTTeNreH UHIPeIUEHTTep KOCIachl Makpo(uT ymIiH aca yisl 0ok TaObuIazgsl, cebedi OHBIH >KapThUIal
MaKCHUMaJIJIbI 3cep eTy KOHIEeHTpauuscsl 1 Mr/i-ged tomeH (0,13 mr/i).

Kinm ce3dep: aMOKCHULMIUIMH, KIAPUTPOMHIMH, a3UTPOMHULMH, CyJb()aMETOKCa30J, OKCHTETPALMKIINH,
Lemna minor, 3xoynaHy, KOpIIIaraH opTa, (hapMaleBTUKAJIBIK ITpenapaTTap, hapMareBTHKANbIK JacTaHy.

b.H. AyGakuposa, P.P. belicenoBa, A.K. XXamanrapa, 3. Paxeivokanksizsl, A.b.A. bokcan

ToxcnuHOCTH cMeceii AHTHOUMOTHKOB K BOAHOM OHOTE

Ha ceroansmamii 1eHb UIMEIOTCS JaHHBIE O PACHPOCTPAHCHUH (hapMaIleBTHUECKUX IPENapaToB B Pa3IUIHBIX
KOHIICHTPAaUsIX B IIOBEPXHOCTHBIX M CTOYHBIX BOZAX IO BCeMy MHpY. MccrneqoBaHUs pa3BUTHIX CTPAH ITOKa-
3aJIM, 9YTO MHOTHE (hapMaleBTHIECKHE HHIPEANCHTH MOTYT OKa3bIBaTh HEraTHBHOE BIMSHUE HA POCT M pa3-
MHO)KEHHE JKUBBIX cymecTB. OnHaKo (apMalieBTHIeCKOe 3arps3HeHNe He pacCMaTPUBACTCS B KAUSCTBE DKO-
norunueckoil npobnemsl B Kazaxcrane. Ilpenpinyimune ncciaenoBanus N0 3arpsA3HEHHIO (apMarieBTHYECKUMU
npenapaTamMu ObUIH COCPEIOTOYEHBI Ha BIMSHHU OJHOTO (hapMalleBTHYECKOro MHIPEANCHTA Ha KHUBBIE Opra-
HU3MBL. TeM He MeHee B OONBLIMHCTBE CiIyyaeB (papMalleBTUUECKHE IIPemapaThl BCTPEYAIOTCS B
OKpy>karomiel cpege B Buzme cmeceid. Takum o0pa3om, Lenpl0 JaHHBIA pPabOTHl OBLIO NpOBEACHUE
9KOTOKCHKOJIOTHIECKOTO TecTa Ha BO3JCHCTBHE cMecell aHTHOMOTHUKOB Ha PocT Lemna minor. B xauecTBe
OOBEKTOB U OIEHKH HCIONb30Balach KOMOWHAIMSA U3 IIATH AHTHOMOTHKOB: AMOKCHIIWJUIMH,
KJIAPUTPOMHLIUH, a3UTPOMHUIIMH, CyJIb()aMeTOKCa30JI U OKCUTETPAINKINH. [IJIs1 OLICHKU UCIIOIb30BAINCH JBE
TIepeMEeHHBIE U3MEPEHMs: CKOPOCTh POCTa U MHIHOMPOBAaHHE pocTa. Pe3yibTaTel SKCIIepUMEHTa MOKa3aiH,
YTO CMECh HCCIIEIYeMBIX COCAMHEHHH BBICOKO TOKCHYHA JUIi MakpoduTa, Tak KaK ero IojlyMaKCUMallbHas
a¢dexTHas kKoHneHTpauus obuta Hiwke 1 mr/i (0,13 mr/im).

Knouesvie cnosa: aMOKCULMIUIMH, KIaPUTPOMMIMH, a3UTPOMULIMH, CyJIb(aMeTOKCa30/1, OKCHTETPALIMKIIVH,
Lemna minor, 3KOTOKCUKOJIOTUS, OKpYXKatolas cpena, hapManeBTHYeCKHe Ipenaparbl, (papMaleBTHuecKoe
3arps3HeHHe.
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