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THE EFFECT OF PHARMACEUTICAL INGREDIENTS
TO THE GROWTH OF ALGAE

Abstract. The consumption of pharmaceuticals has been increasing every year. Drugs have started to cause
concern due to their occurrence in surface water around the world. It was found that pharmaceuticals have an
adverse effect to the aquatic organisms. The aim of the following study was to assess the effect of three priority
pharmaceutical ingredients in Kazakhstan as amoxicillin, clarithromycin and azithromycin to the growth of aquatic
species. Chlorella sp. was selected as object of the study. The toxicity study was conducted according to OECD
Guideline for the testing of chemicals 201. According to results, the half maximal effective concentrations (ECs) of
amoxicillin, clarithromycin and azithromycin to Chlorella sp.were 853.54+0.27, 0.59+0.004 and 0.33+0.05 mg/L
respectively. Overall, the results of the study showed high toxicity of macrolides to algae, while amoxicillin was
considered as non-toxic substance to Chlorella sp.

Key words: amoxicillin, clarithromycin, azithromycin, algae, pharmaceutical ingredients, antibiotics, ecoto-
Xicity, environment.

Introduction. Currently, pharmaceutical products are consumed everyday worldwide. 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 [1].

There are various ways of release of pharmaceuticals to aquatic environment. They excrete after
consumption in parent form or as metabolites. Then, primarily drugs dispose via wastewater. Also, one of
the major sources of release human medicines after their excretion or disposal of unused drugs is
municipal wastewater |2, 3].

The environmental effect of pharmaceuticals has been considered in many reports. According to the
US Geological Survey, 80% of surface water and about 25% of groundwater in the United States are
contaminated with drugs [4]. These pharmaceutical substances are representative of different therapeutic
classes as analgesics, beta-blockers, fibrates, antiepileptic drugs and steroids. From the ecological and
hygienic point of view, antibiotics, drugs with cytotoxic action are the most unfavorable for the ecosystem
[5, 6].

The study of the effect of synthetic steroids 17a-ethinyl estradiol (EE2) and 17a-methyltestosterone
(MT) to the snails Marisa cornuarietis was carried out by Schulte-Ochlmann in 2004. It was found that
even in concentration 0.25 ng/L. MT induced the imposex in snails in 4 weeks. EE2 led to the develop-
ment of imposex in snails in concentration 0.25-1 pg/L. Furthermore, these steroids formed germ cells in
the male and female gonads [7].

Pharmaceuticals have effect on terrestrial organisms as earthworms. There was conducted the study
on toxicity of three pharmaceutical compounds as acetaminophen, naproxen and ibuprofen to Eisenia-
fetida in concentration from 0.1 mg/L to 100 mg/L. The test lasted 21 days. The highest concentration of
acetaminophen was toxic to the earthworms. There was above 70% of growth inhibition in concentration
of acetaminophen. Moreover, the growth rate decreased in 4 times in comparison with controls [8].

In a study which set out to determine the toxicity effect of antibiotics Lemna minor, Aubakirova et al.
pointed that sulfamethoxazole had toxic effect to macrophytes. The half maximal effect concentration
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(ECso) of this antibiotic was 3.67 mg/L. The concentration 100 mg/L of sulfamethoxazole led to mortality
of duckweeds [9].

The present paper is focused on toxicity effect of three major used antibiotics as amoxicillin,
clarithromycin, and azithromycin to Chlorella sp. The antibiotics were chosen using a prioritization study
based on the risk of pharmaceuticals to aquatic environments in Kazakhstan. In Aubakirova et al. study it
was found that these compounds are likely to occur in surface water of waters and could have an adverse
effect to environmental species [10].

Chlorella sp. were selected for use in the present ecotoxicity study. Overall, algae play an important
role in total biomass in the aquatic system. Moreover, algae are a major carbon sources for the aquatic
environment. However, there have not been performed many toxicity test of antibiotics on algae. It can be
noted, that risk assessment results pay a big attention representatives of aquatic organisms [11].

Materials and methods. Pharmaceutical ingredients were supplied from Sigma Aldrich UK and the
purity of substances were >95%. Table 1 provides information about the present compounds used for the
toxicity test.

Table 1 — Physico-chemical properties of study antibiotics

Amoxicillin Clarithromycin Azithromycin
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CAS-no 26787-78-0 [12] 81103-11-9 [12] 83905-01-5[12]
Molecular formula Cd1N;058 [12] CaglgoNO3[12] Cal7N;0,, [12]
Molecular weight, g/mol 365.40416[13] 747953 [13] 748.98448[13]
pKa 323[12] 8.99[12] 8.7412]
Solubility in water, mg/L. 3430 [12] 1.693 [13] 237[13]
LogKow 0.87[12] 3.16 [12] 40213]

Chlorella sp. growth inhibition test was performed according to The Organization for Economic Co-
operation and Development Guideline for the testing of chemicals 201 [14]. Chlorella sp. were presented
from the “Applied Ecology” Laboratory of L.N.Gumilyov Eurasian National University. The test lasted
96 h. The Chlorella sp. was cultured in 100 mL of Tamiya medium in 250 ml Erlenmeyer flasks. Test
samples were grown on 50 mL of this media at 294+0.5°C under constant shaking (100 cycles per minute)
in culture chamber. The tested concentrations ranged 0.01-0.15 mg/L for macrolides and 1-1000 mg/L for
amoxicillin. Algac numbers and biomass in each flask was assessed at the beginning and end of the test.
The calculation of the algae cell was done in Goryav chamber under microscope. The measurement of
biomass was conducted by photometer according to Mayer et al. method with slight modification [15].
Basically, 20 % of test sample was spiked to 1:1 mixture of DMSO and acetone and left in the dark place
in room temperature for at least 3 h. In order to assess the sensitivity of Chlorella sp. to the test
compounds, we measured optical density at 720 nm in 5 mm rectangular quartz cuvette with photometer
at the beginning and end of the test.

Results and discussion. The aim of the following assessment was to evaluate the toxicity of
antibiotics to Chlorella sp. The summary result of half maximal effect concentrations (ECs;) calculated of
cach active pharmaceutical ingredient to representatives of aquatic biota is demonstrated in Table 2. It can
be noted that algae showed high sensitivity to macrolides in comparison with amoxicillin.
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Table 2 — The comparison of ECs, parameters of tested pharmaceuticals to Chlorella sp. ECs, —
half maximal effective concentration

Antibiotics ECs of Chlorella sp., mg/L
Azithromycin 0.33£0.05
Clarithromycin 0.59+0.004
Amoxicillin 853.54+0.27

Clarithromycin is a macrolide antibacterial and its structure is common to erythromycin [16]. People
get used to consume this drug to treat respiratory infections, skin infections, ear infections, and sexually
transmitted diseases [17]. The growth inhibition and growth rate of macrolide clarithromycin is illustrated
in Figure 1. The following substance demonstrated above 94% of inhibition of algae biomass in concen-
tration 0.15 mg/L after 96 h of exposure. The growth rate decreased in 3 times (0.16+0.08 d') in compa-
rison with controls (0.37£0.04 d™'). These results are in agreement with Baumann et al. results where 10%
of effect concentration (EC,,) values ranged of 23-28 pg/L for clarithromycin and its metabolite for
Desmodesmussubspicatus, while this value for Anabaena flos-aquae was 1.1 ng/L [18]. In 2015 Marx et
al. paper has stated that clarithromycin cannot be eliminated from wastewater treatment at all and its
excretion rate is 60% [19]. Baumann et al. paper highlights that the concentration of our test macrolide in
STP effluents varied 30-600 ng/L. This drug was detected in surface waters in concentration 140 ng/L
annually, in 2008 it reached 330 ng/L. There were found the concentration around 5-70 ng/L of this com-
pound in main Bavarian rivers. The concentration in small rivers was up to 360 ng/L in 2004-2008 [18].
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Figure 1 — The growth inhibition and growth rate of clarithromycin to Chlorella sp. (p<0,05)

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 [20]. The present antibiotic
can widely spread to the tissue. Azithromycin accumulate in intracellular cells as fibroblasts, phagocytic
cells, and other white blood cells [21].

The high sensitivity of Chlorella sp. to azithromycin was seen in low concentration during the test
(Figure 2). In concentration 0.2 mg/L the growth pace decreased in almost 4 times in comparison with
controls. The growth inhibition reached more than 87 % even in concentration 0.15 mg/L. These results
are consistent with those of other studies and suggest that macrolides are very toxic to cyanobacteria and
algae, as it has impacts on the growth of Gram-positive bacteria by hindering with the protein synthesis
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Figure 2 — The growth inhibition and growth rate of azithromycin to Chlorella sp. (p<0,05)

[2]. There insufficient studies were conducted on toxicity of azithromycin to algae. Nevertheless, in
2016 Zhou et al argued that our tested macrolide can lead to the risk in urban rivers. According to his
finding, ECs, value in algae test was 0.026 mg/L for azithromycin. This value is lower than 1 mg/L as in
our case (ECs5,=0.33mg/L), it can be concluded as very toxic to aquatic environment. Morcover, as
previous our tested macrolide (clarithromycin), there is 0% of elimination in wastewater treatment of
azithromycin. The concentration of following macrolide antibiotic in Yangpu District of Shanghai in
China was 17 ng/L [22]. As noted by Osorio et al. (2016) azithromycin was widely spread and
concentrated antibiotic in Iberian River basins in Spain [23].

Amoxicillin is a widely spread B-lactam penicillin antibiotic, that used in human and veterinary
medicine and included to the significant drug on the World Health Organization [24, 25]. People consume
amoxicillin to heal various infections induced by bacteria, such as bronchitis, pneumonia, tonsillitis,
gonorrhea, and infections of the nose, throat, ear, skin, or urinary tract [17]. Chlorella sp. did not show
sensitivity to amoxicillin in high concentrations. There was a slight growth inhibition (2%) of Chlorella
sp. to this antibiotic in concentration 1 mg/L, while in 1000 mg/L was reached only 57% (Figure 3).
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Figure 3 — The growth inhibitionand growth rate of Chlorella sp. to amoxicillin (p<0,05)
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Amoxicillin showed fully logarithmic (*=0.98) decline in growth rate. In comparison with controls
(0.45+0,006 d') the growth rate decreased twice in concentration 1000 mg/L (0,26+0,02 d™). Although,
these results hardly differ from previous study, where 72 h of exposure with amoxicillin to green algae
Pseudokirchneriellasubcapitata showed less 10% of inhibition in concentration 1500 mg/L and was
considered as not toxic to algae. This inconsistency may be due to comparable different standardized
approaches and species for the assessment of the antibiotic to algac. Nevertheless, our and Gonzalez-
Pleiter et al. results classified amoxicillin as non-harmful to algae species [26].

In comparison with other tested substances, ECsy value is significantly higher and it shows that
amoxicillin less toxic. A possible explanation for these results may be attributed to its quick degradation
and low bioavailability [27].

To sum up, it was found that aquatic species is sensitive to macrolides. Azithromycin and clarithro-
mycin have a higher toxicity on Chlorella sp. in comparison with Lemna minor. The ECs, value of them
was lower than 1 mg/L and can be considered as very toxic to algae. The ECs, value of azithromycin to
Lemna minor lower than 10 mg/L and therefore it is related to toxic classes of substances.

There is no doubt that pharmaceuticals play a significant role in order to treat and mitigate human
and animals from diseases. However, they can influence to the environment unintendedly [28]. In the last
30 years, the occurrence, fate and risk of pharmaceuticals to the environmental species have been
investigated by many researchers. However, we still have a limited data on ecotoxicological data of drugs.
Therefore, it is significant to conduct toxicity studies on pharmaceuticals to establish monitoring system
and prevent pharmaceutical contamination.
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B. H. Ay6akupoea, P. P. Beiicenora, A. K, Kamanrapa
JI. H. I'vmmnes areraaarsl Eypasus yITTeIK yHEBEpCHTETI, AcTaHa, Ka3akcran
BAJIABIPJIAP OCYIHE ®APMAIEBTUKAJIBIK HHI'PEAUEHTTEP/IH 9CEPI

AHHOTAMSI. Op KbUT CAalbIH JOPITIK MPEmapaTTapabl TYTHHY KexeMi yirarona. dapManeBTHKAIBIK Mpemna-
parTap OyHHEXKY3iHAE OSTKEeH CyrapAa aHBIKTANYHI FRUIBIMAA ANAHJAYINBLIBIK TYFbI3a Oactazxsl. Jlopimik 3arrap cy
ar3amapblHa JKAaFBIMCHI3 ocep Turisemi. bepiareH wmakamaHelH MakcaTsl KasakcTaHAAaFsl VI TMPHOPHTCTTI
AMOKCHIMJUIHH, KIAPHTPOMHLHMH KOHE A3UTPOMHIMH CHAKTHI (DapMaIleBTUKAIBIK HHTPEIUCHTTCPIHIH Cy ar3anap
TYPJEPIiHiH ecyiHe acepin Oaramay. 3eprrey HbIcaHachl perinae Chlorella sp. anpmapl. HoTmxkenepre colikec, aMOK-
CHULIMJUIMH,KIAPUTPOMULIMH SKOHE A3WTPOMHIMH OanabIplapra >KapThUIad MAKCHMAIABI 9CEP €Ty KOHIICHTPA-
mUsUIapsl colkecinme853.5440.27,0.59+0.004 sxone 0.33+0.05 mr/m Oommel. TyTac anFaHzma, 3¢pPTTCY HOTIDKEICPI
MaKpOJUATCPAIHOATABIPIAPFA SKOFAPHI VIIBIIBIFBIH KepceTTi. Amaiina amokcunmmHChlorella sp.TypiHe yIbl emec
OOJIBIN TAHBLITHL

Tyiiin ce3mep: AMOKCHIMILIMH, KIAPUTPOMHIINH, A3UTPOMHIIH, 0annbIpnap, (JapManeBTHKAIBIK HHTPESIUCHT-
TEP, SKOTOKCHKOJIOTHS, KOPHIAFaH OPTa.
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b. H. Ayboakuposa, P. P. BeiicenoBa, A. K. ZKamanrapa
Eppa3uiickuii HarmoHanbHbIH yHUBEpcuTeT uM. JI. H. ['ymMuiesa
BJIHAAHUE ®PAPMAINEBTUYECKHX HHTPEAUEHTOB HA POCT BOAOPOCJIENA

AnHoTtamus. [ToTpeOncHHE TEKAPCTBEHHBIX MPEHAPATOB PACTET KAKABIH roa. ®apManeBTHUCCKUE MPETapaThl
HAYaJH BBI3BIBATh OCCIIOKOWCTBO B CBA3H MX OOHAPYKCHHEM B IOBEPXHOCTHBIX BOJAX BO BCEM MupE. BBIIBICHO,
YTO JIEKAPCTBCHHBIC CYOCTAHIIMM OKA3bIBAIOT HETATHBHOC BIMSIHUE BOJTHBIM OpraHu3MaM. Llens cTaTsu — JaTh OLEH-
Ky TAKHM IPHOPHUTETHBIM (hapMALEBTHYCCKUM HHIPEAMCHTAM, KaK AMOKCHUIMLIHH, KIAPUTPOMHUIMH U A3UTPOMH-
LUH K POCTy BOJHBIX OpraHu3MoB. Chlorellasp.Obin BeIOpaH kKak 00BbEKT ucciaeaoBaHmsi. COTIACHO PesysibTaraM,
nmonyMakcumanbHas d@dexrHas konueHtpamus (ECsp) K MamoH pACKEC AMOKCHIHM/UIMHA, KJIAPUTPOMHIMHA H
asuTpomuImHA ObumH 853.54+0.27, 0.594+0.004 u 0.33+£0.05 Mr/a1 COOTBETCTBEHHO. B 11e10M pe3yibrarsl HCCIEAO-
BAHMS IOKA3aIHM BBICOKYIO TOKCHYHOCTh MAKPOJIUIOB K BOJOPOCHAM. TeM He MCHEe, aMOKCHIMLUIHH OKA3ajcs
HeTOKCHYHBIM K Chlorellasp.

KimodeBble €J10Ba: aMOKCHUIMUTHH, KIAPHTPOMULUH, a3HTPOMMIMH, BOAOPOCIH, (hapMALCBTHUCCKUEC HHIPE-
JUCHTBI, SKOTOKCHKOJIOTHA, OKPY KarOIIas Cpeaa.




