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The sensitivity of algae to the exposure of telmisartan

Nowadays, everyday people apply various pharmaceuticals. However, after their consumption drugs excrete
to wastewater treatment plant, where they cannot be eliminated totally. As the result they released to surface
waters. Many scientists concerned about the effect of medical substances on aquatic biota. The issue of phar-
maceutical contamination is not well studied in Kazakhstan in comparison with EU countries. Therefore, it is
significant to do ecotoxicological research on pharmaceutical ingredients. The aim of our study was to assess
the effect of telmisartan on the growth of Chlorella species. Telmisartan was selected as currently it is. one of
the priority pharmaceuticals based on risks to aquatic biota in Kazakhstan. We estimated exposure of sub-
stance in 5-15 mg/L concentrations. According to the results, high concentration of our medical substance
had significant impact to the growth algae, it led to 83.93+0.13 % of growth inhibition. The half maximal in-
hibitory concentration of telmisartan on algae was 6.16 mg/L. Furthermore, we/calculated the growth rate of
Chlorella species. We found that growth rate decreased in six times on algae in concentration 15 mg/L in
comparison with controls. The following results showed that Chlorella species are vulnerable to the exposure
of pharmaceuticals.

Keywords: pharmaceutical contamination, algae, Chlorella species, telmisartan, ecotoxicological study,
growth inhibition.

Introduction

Currently, one of the main environmental issue is-pharmaceutical pollution of the biota, as their various
concentrations were detected across the world. There was International Conference on Chemicals Manage-
ment in 2015, where pharmaceutical industries and non-governmental agencies admitted that now it is im-
portant to focus on protection our environment from «pharmaceutical pollution» [1, 2]. Pharmaceutical in-
gredients are ubiquitous. There are about 2300 human drugs were determined as potentially relevant for the
biota in Germany, because they have ability for bioaccumulation, can be toxic and persistent in the environ-
ment [3].

In the last few decades, there has been recorded the occurrence on aquatic environment of more than
100 various pharmaceutical ingredients with concentration from ng/L to png/L. The detected levels are low,
but drugs still can have adverse effect, as they are designed to have specific biological effect in low concen-
tration. In addition, the entrance of medicines to the biota is continuous. As a result, living organisms on the
environment have exposure from'drugs during the life [4].

Every year people use tons of medicines and after consumption of drugs, they may release to the envi-
ronment in various ways. Every pharmaceutical has their own features, as a result not all of them degradable
in wastewater treatment plants (WWTPs). Therefore, WWTP is considered one of the main sources of drugs
release to therenvironment. Residues of pharmaceuticals from WWTPs enter to the surface waters and effect
aquatic organisms. Another source of medical substances in the environment is when pharmaceutical indus-
tries, hospitals and people directly dispose them to the aquatic biota. Due to all these sources, there are sig-
nificant concentration of drugs can be met in many water bodies [35, 6].

Although the ecotoxicological effect of pharmaceutical ingredients on aquatic biota is well studied in
European countries and US, there is still a gap of knowledge on its risk in Kazakhstan, just few studies have
been published, being mainly focused on antibiotics. For instance, recently there has been conducted the
study of priority antibiotics effect on Lemna minor. According to the results sulfamethoxazole demonstrated
a high toxicity on macrophyte with half maximal effect concentration (ECs) value of 3.67 mg/L. Further-
more, the mixture of five antibiotics as amoxicillin, clarithromycin, azithromycin, sulfamethoxazole and
oxytetracycline showed a significant exposure on the growth of Lemna minor with ECsy 0.13 mg/L [7, 8].
According to Boxall et al. research pharmaceuticals have toxic effect to earthworms. Acetaminophen led to
the mortality of Eisenia fetida earthworms in concentration 100 mg/kg [9].
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Currently, our country has limited studies on pharmaceutical ingredients as pollutants. Therefore, the
aim of the following paper was to assess the exposure of one of the priority pharmaceuticals in Kazakhstan,
which is telmisartan on aquatic organism. As representative of aquatic biota, we selected algae Chlorella
species.

Materials and method

The study was conducted based on the OECD 201: Freshwater Alga and Cyanobacteria Inhibition Test
method [10]. The experiment was accomplished in «Applied Ecology» Laboratory of L.N. Gumilyov Eura-
sian National University. The test lasted 72 hours. The subject of the research was Chlorella species, which
was supplied from «Applied Ecology» Laboratory of L.N. Gumilyov Eurasian National University. As the
object of the study we used telmisartan. The present substance was supplied from Boehringer Ingelheim,
Germany. Telmisartan was selected as currently it is one of the priority pharmaceuticals based on risks to
aquatic biota in Kazakhstan, which means it can have adverse effect to the growth of algae in our country
[11]. As telmisartan is practically insoluble in water, we used chloroform as a solvent [12]. The stock solu-
tion was prepared in concentration 1000 mg/L. In order to assess the effect of telmisartan on algae, we used
three concentrations: 5 mg/L, 10 mg/L and 15 mg/L. Each concentration including controls had two repli-
cates. The Chlorella species was cultivated in 50 mL of Tamiya growth medium<in 100 mL of Erlenmeyer
flasks. Tamiya growth medium was used as favorable environment for Chlorella species. Tested samples
were put in culture chamber in random order. Table 1 provides information about concentrations of solution
in order to prepare 1 L of Tamiya medium [13].

Table 1
The outline of concentrations in Tamiya growth medium [13]
Reagent Weight, g/L

KNO; 5.0

MgSO4X7H20 2.5

KH,PO, 1.25
EDTA 0.037
FeSO4x7H,0 0.009
Trace element solution I mL

During the experiment the samples were kept in culture chamber under constant shaking (100 cy-
cles/min) and illuminated light. The cell numbers and biomass of algae was estimated at the beginning and
end of the test. Algae cells were'tecorded in Goryaev chamber under microscope and biomass on photome-
ter.

The response variables on toxicity of Telmisartan to Chlorella species were growth inhibition of algae
cells and growth rate of biomass: The growth rate of algae biomass was estimated by the following equa-
tion (1) [10]:

In(N,)-In(N,)
Moy =——— ) (1
where L, s— mean growth rate from time i to j; N; — algae biomass in the test or control vessel at time i;
N, == algae biomass in the test or control vessel at time j; t — time period from i to ;.
In orderto'calculate the growth rate of algae of biomass, we used the equation below (2) [10]:

— W
oot =R 1o, 2
ue
where /., — the percentage of inhibition in average specific growth of Chlorella sp.; pc — mean value of al-
gae cells for p in the control; uz — mean value of algae cells for p in the treatment group.

The pH of samples was recorded at the beginning and end of the test [10].

Results and discussions

Algae has a significant role in biota, because they are primary production for many marine species.
Therefore, any effect of pharmaceuticals to algae will be reflected on higher trophic levels. As algae are vul-
nerable to any changes, they are good indicators of adverse effect from chemicals [14].
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Initially the pH value varied from 3.38 to 3.88 and at the end of the study its value ranged from 3.07 to
3.37 (Table 2). Therefore, it can be concluded that pH value varied according to the OECD 201 [10].

Table 2
pH values of samples in various concentration during the experiment
Concentration of telmisartan Day 0 Day 7
0 mg/L (control) 3.88 3.35
5 mg/L 3.57 3.37
10 mg/L 3.66 3.51
15 mg/L 3.38 3.07

Figure 1 shows the growth inhibition and growth rate of algae to telmisartan ‘in._concentrations
5-15 mg/L. Initially, in controls the growth rate was 0.3+0.05 d"'. High concentration of drug (15 mg/L) led
to the decline of the growth of algae in six time to 0.05£0.02 d .
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Figure 1. The growth inhibition (4) and growth rate (B) of telmisartan to Chlorellas sp. (p < 0.05)

Furthermore, it can be noted that high concentration of telmisartan led to the significant growth inhibi-
tion. The growth inhibition was 73.68+0.08 % and 83.93+0.13 % on concentration values 5 mg/L and 15
mg/L respectively. The half maximal inhibitory concentration (ECs,) was 6.16 mg/L.

Figure 2 illustrates the multiplicity growth of Chlorella sp. cells during the experiment. The cell number
in control samples increased to 1.3 times in 7 days, while the high concentration of telmisartan increased al-
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gae number only in 0.8 times. In comparison with 15 mg/L concentration of samples the growth of controls
was in 1.6 times higher.
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Figure 2. The growth number of algae cells during the test

In recent study of Dimzon et al. (2018), telmisartan was detected in Sampaloc lake in Philippines. It
was found it populated residential areas in concentration 76 ng/L [15]. Furthermore, there were analysis on
pharmaceuticals occurrence on 90 European WWTPs. Telmisartan was identified with frequency 63 % in
concentration 368 ng/L [16].

Previous study on effect of antibiotics to Chlorella vulgaris showed a valuable impact on population
density of species. The ECs, value was <100 mg/L. In this study, the most toxic substances were concluded
2,4-dichlorophenol and ciprofloxacin (10.75 and 29.09.mg/L respectively) [17]. Furthermore, there was con-
ducted study on toxicity of antibiotics to Chlorellaspecies. According to the results, Chlorella species are
sensitive to the exposure of macrolides as azithromyein and clarithromycin. The ECs, values of azithromycin
and clarithromycin were 0.33 and 0.59 mg/L respectively [18].

Nowadays, scientists do not pay attention pharmaceuticals pollution of aquatic biota in Kazakhstan, as
there is deficit data on ecotoxicology of drugs. Therefore, we believe it is important to conduct studies on
effect of pharmaceutical substances to living species, as this is a big threat to the disappearance of living or-
ganisms on the environment.
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b.H. Ay6akupoga, P.P. beiicenoa, H.I1I. J)Kypmanosa, C.E. Tynerenosa, H. Peim0Oaii

BaaabipaapabiH TeJIMUCAPTAHHBIH dCepiHe Ce3iMTaIbIFbI

Byrinne amampap Typii ¢apMmaneBTHKANBIK OHIMIEPAI KYH caiiblH maiiianaHagbl. JlereHMeH, oJapIisl
KOJIIaHFaHHAH KeWiH OyJ npenaparTap Ta3ajay KOHIBIPFBICBIHA TYCEli, OHIa OJap TOJBIKTAail Ta3apThbuI-
Maitnel. Hotmokecinae onap xxep Oeti cynapbina Tyceni. KenTeren ransiMaap MeIHIMHAIBIK IIPEIapaTTap bz
cy OuoraceiHa acepin 3eprreynme. Kasaxcramma ¢apmaieBTHKaiblK Jactany Maceneci EO  emnmepimen
CaJIBICTBIPFaH/Ia TOJBIK 3epTTenMereH. COHABIKTaH (JapMaleBTHKAIBIK HHIPEAUEHTTEP IIH 3KOTOKCHKOJIOTUsI-
JBIK 3epTTeyIepiH XKYprizy MaHb3IbL. bepiiareH 3epTTey il MakcaTsl — TEeIMUCAPTAHHBIH OaabIpiiap, OHBIH
iminne Chlorella species ecyine ocepiH Oaranay. 3epTTey YIIIH TeIMHCapTaH Ipenaparsl TaHIaIIsl, cebebi
ox1 Kazipri yakeitra Kazakcranna cyIabiH OMOTACHIHBIH JIaCTaybIHA OKEJIETiH HPHOPUTTETI Iopi-TopMEKTepaiy
6ipi GosbIn TaOBLIAABL. 3epTTey MpenapaTIbIH S5—15 M/ KOHIEHTpauusIapbHa Kyprisumi. Hotmkenepi
GoiipiHIna, Gi3/1iH Iopi-IopPMEKTiH KOFaphl KOHIIEHTPAIMICHI OalABIPIapIbH 6CyiHe alTapiIbIKTail acep eTTi,
Oyn 83,93+0,13 % ecy TexeyiHe okenai. banaplpaarbl TeiIMHCapTaHHBIH JKapThUlail MaKCHMAJlJIbI
MHTHOUTOPJIBIK KOHICHTpAMsCHI 6,16 mr/n kypansl. ConsiMeH KaTap 3eptrey kesinae Chlorella species ecy
KapKbIHBIHBI ecenTenii. banasipnapasl Gakpliay HOTHXKECiHAE 15 MI/i KOHIEHTPaHMACHIHAA 6CiM KapKbIHBI
0akplIay ChIHAMAJIAPBIMEH CaBICTBIPFAaH/A AJITHI €ce TOMEHJEereHi aHbIKTaIasl. by motmkenep Chlorella
specie (hapMaIEBTHKAIBIK dCEPre ce3iMTall eKeHIH KopCceTe/Ii.

Kinm co30ep: tapmaueBTukanslk Jactany, Oanmsipnap, Chlorella species, TenMucapraH, KOTOKCHKOJO-
THSIIBIK 3€PTTEY, OCIMII TEXKEY.

b.H. Ay6akuposa, P.P. belicenona, H.II1. XXypmanosa, C.E. Tynerenona, H. Peim0Oaii

quCTBl/ITe.]'ILHOCTb BOI{OpOCJ’IGﬁ K BO3)16ﬁCTBHlO TCJIMUCAPTAaHa

CerozHs JIIOIM IPUMEHSAIOT pasiMyHble (apMaleBTHUCCKHE INpenaparsl exenHeBHO. OAHAKO Iocie ux
YINOTPEOIEHHS 3TH HperapaThl MONAJAl0T Ha OYHCTHBIE COOPYIXKEHHs, IIe OHH HE CIHOCOOHBI IOJIHOCTBIO
JIerpaiupoBathes. B pesynbrare OHM IONaJalOT Ha MOBEPXHOCTHBIE BOABI. MHOIHME yueHble 00ECIIOKOCHBI
BIMSHUEM MEAMIMHCKUX IPenapaTtoB Ha BOAHyIo Oumoty. IIpobmema dapmaneBTHuecKoro 3arps3sHEHHsS
HeocTaToyHo m3ydeHa B Kasaxcrame mo cpaBHenmio co crpaHamu EC. IlodToMy BakHO HpPOBOIUTH
9KOTOKCHKOJIOTHYECKHE HCCIIeJOBaHUs (hapMalleBTHUECKUX MHTPeIUeHToB. L{enb Hamero uccieoBaHus —
OLICHUTD BIMSHHE TeaMucaprana Ha poct Chlorella species. Mbl BBIOpai TeIMUCapTaH IS UCCIIEIOBAHNS,
HOCKOJIBKY B HACTOfINEE BpPEeMs OH SIBISIETCS OJHUM M3 IPUOPUTETHBIX JIEKAPCTBEHHBIX MPENapaToB B
KasaxcraHne, KOTOpble NMPUBEAYT K 3arpsi3HCHUIO BOJHOW OMOTHL. MBI M3yuaianm BO3JEHCTBHE NIpenapara B
KOHIEeHTpaiusax S5—15 mr/n. CorylacHO pe3ynbTaTaMm, BBICOKas KOHIEHTpAalUs [JaHHOTO MEAMLIHHCKOrO
BEIIECTBA OKasala 3HAYMTEIbHOE BIUSHUE Ha PpOCT Bojgopociel, urto mnpuseno k 83,93%0,13 %

Cepusa «brnonorusa. MeguunHa. Neorpacpusa». Ne 1(93)/2019 23



B.N. Aubakirova, R.R. Beisenova et al.

UHruOupoBaHuio pocra. [TonymakcumanbpHass MHTHOMpYIOIAs KOHLEHTpALMs TeJIMHCapTaHa B BOAOPOCIX
cocraBmia 6,16 mr/i1. Kpome toro, Mbl paccuutanu ckopocts pocta Chlorella species. Bouio obHapyxeHO,
YTO CKOPOCTh POCTa YMEHBIIMIACHh B ILIECTh pa3 B BOAOPOCIAX B KOHIEHTpAUMH 15 MI/I 1O CpaBHEHHMIO €
KOHPOJILHBIMU. JlaHHBIE pe3yibTaThl MOKasbBaloT, uTo Chlorella species TyBCTBHTENBHBI K BO3JICHCTBUIO
(hapMareBTHIECKIX MPEIapaToB.

Kniouesvie crosa: dapmaneBTHaeckoe 3arpsizHenue, Bogopociu, Chlorella species, TenMucapTaH, 3KOTOKCH-
KOJIOTHYIECKO€E MCCIIeI0BaHNe, HHTHOMPOBAHHE POCTA.
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