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The sensitivity of algae to the effect of antifungal drugs

The presence of pharmaceuticals, their metabolites and transformation products in the aquatic environment
has become an increasingly serious problem in recent decades. Currently, people are using various pharma-
ceuticals. However, after their use, the drugs are removed to the wastewater treatment plant, where they can-
not be completely eliminated. As a result, they reach the surface of the water. Their discovery in the environ-
ment and their biological activity raise concerns about potential adverse effects on non-target species. In this
study, two of the most widely used pharmaceuticals in Kazakhstan, namely ketoconazole and terbinafine,
were tested for water toxicity using Chlorella species. These drugs were selected because they are one of the
priority drugs based on risks for aquatic biota in Kazakhstan. The study assessed the effects of antifungal
drugs for 72 hours by cell count, cell growth rate of Chlorella sp. We investigated the effects of substances in
concentrations of 20-100 mg/L. As a result of the study, eco-absolute objects, compared with the control
group, had a significant effect on the growth of Chlorella sp. cells, which led to 97.7+0.004 % (ketoconazole)
and 96.19£0.007 % (terbinafine) inhibition of growth. In addition, the results showed that'the growth rate of
the representative of the aquatic biota Chlorella sp. decreased four times. This proves that Chlorella sp. are
vulnerable to exposure to pharmaceuticals.

Keywords: environment, pollutants, quantification, ketoconazole, terbinafine, antifungal drugs, Chlorella sp.,
growth rate, growth inhibition, growth medium Tamiya.

Introduction

An increasing amount of pollutants is emitted into nature due to industrial production, the intensive use
of drugs. And also the wide presence of drugs in the environment can be explained by widespread use in
medical practice and incomplete disposal at treatment facilities [1]. The effect on homeostasis of various arti-
ficial substances (xenobiotics) was demonstrated in the thirteen years of the last century. Among other
things, the polluting effect of drugs and chemicals became apparent only in recent decades, when it was rec-
ognized that it was potentially dangerous to humans [2].

Currently, the pharmaceutical industry is developing rapidly around the world. The pharmaceutical
market in the Commonwealthrof Independent States (CIS) occupies only 2 % of the world. However, it has
one of the highest growth rates: The pharmaceutical industry plays an important role in the economy of Ka-
zakhstan. In addition, in‘the last decade, the government of Kazakhstan has also had an impact on the phar-
maceutical industry. One of the factors leading to an increase in the retail sales of medicines in the country is
an increase in the.incidence rate due to environmental pollution and the impact of technological factors [3].

Pharmaceutical preparations that do not decompose at sewage treatment plants are discharged into
treated effluents, which leads to pollution of rivers, lakes, estuaries and rarely underground and drinking wa-
ter. Where sewage sludge is used on agricultural fields, soil contamination, runoff to surface water, and
drainage can occur [4, 5].

Over the past decades, the emergence of pharmaceutical pollutants in the aquatic environment, the envi-
ronment has become a matter of concern throughout the world. Micro-pollutants, also called emerging pollu-
tants; consist of a huge amount of substances of anthropic or natural origin, including pharmaceuticals and
personal care products, steroid hormones and agrochemicals. Pharmaceutical preparations, their metabolites
enter mainly domestic wastewater after use and excretion in patients. These substances are usually present in
water at low concentrations and each substance has a form and mechanism of action that not only compli-
cates their detection and analysis, as well as their removal at drinking water and wastewater treatment plants
[6-7]. As a result, the toxicity of drugs to the environment is checked in aquatic (surface water) organisms
such as daphnia and fish. Another problem is the lack of maximum permissible concentrations of these com-
pounds, and therefore, there are no or very few precautions and control measures to ensure that these com-
pounds, in particular polluting microorganisms, do not enter surface water [8].
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Monitoring of these pollutants, which were previously ignored, but often considered harmless, never-
theless, have significant consequences, has become possible thanks to modern analytical methods and tools
[9]. Over the past decade, in the course of monitoring studies of the aquatic environment, about a hundred
pharmaceutical preparations and their metabolites were discovered [10].

Pharmaceuticals are complex molecules that can be resistant to the environment. Obviously, pharma-
ceutical compounds are found in surface waters at low to moderate concentrations. However, even in low
concentrations, long-term effects are known, given its effects on aquatic organisms and human health. Re-
cent studies have shown the toxicological effects of drugs on the organic functions of aquatic organisms in
minimal concentrations [11].

This article provides some experimental data and a summary of the effects of more commonly used
pharmaceuticals on the environment and aquatic biota.

Work was carried out to identify priority active pharmaceutical ingredients in the surface waters of Ka-
zakhstan. The study found the main drugs that could cause concern, as they had the highest risk ratings in
Kazakhstan. Such high-risk drugs include ketoconazole, terbinafine, etc. [12].

There are a large number of published studies describing the environmental risk of ketoconazole. In
2004 T. Hegeland and C. Ottosson investigated the fish response to ketoconazole. Their results showed that
this compound has a toxic effect on rainbow trout and killfish at 12 and 100 mg/kg, as it inhibits the activity
of the cytochrome enzyme in fish [13].

Materials and research methods

This study was based on the OECD 201 method: Test for the inhibition of freshwater algae and cyano-
bacteria [14]. In our experiment, unicellular alga Chlorella sp. was used as a test organism.

The antifungal drugs ketoconazole and terbinafine were used as the object of study. These drugs were
chosen because they are currently one of the priority drugs based on water biota in Kazakhstan, which may
have an adverse effect on the growth of algae in our country [15]. As a solvent for ketoconazole and
terbinafine, we took 96 % ethanol.

For ketoconazole and terbinafine, we used three different concentrations (20 mg/1, 50 mg/l, 100 mg/1) to
evaluate the effect of the drugs on algae. Each concentration was done in triplicate. The pH of the solutions
was measured at the beginning and at the end of the test. The optical density was measured and the biomass
of Chlorella sp. in solutions.

The following mineral composition of Tamiya mineral medium was taken as a nutrient medium:

Table 1
Nutrient medium Tamiya

Reagents Weight, g/l
KNO; 5,0
MgSO47H20 2,5
KH,PO, 1,25
EDTA 0,037
FeSO,4 7H,0 0,009
Trace element solution 1 ml

The concentration of ketoconazole and terbinafine was calculated using the following formula (1) [14]:
InX, -InX,

W ;= f > (D
where 1, ; is the average specific speed versus time 7 to j; X; — biomass of algae in the test or control vessel
at time i; X; — biomass of algae in the test or control vessel at time j; ¢ is the period of time from i to ;.

To calculate the biomass growth rate of Chlorella sp., we used the equation below (2) [14]:
%1,=M-100, @)
e
where /, is the percent inhibition at the average specific growth rate of Chlorella sp.; puc is the average value
for the average specific growth rate p in the control group; uz is the average specific growth rate for algae
cells u in the experimental group.
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Study results and discussion

Figure 1 shows the growth rate after exposure to various concentrations of ketoconazole on algae. The
study was conducted within 72 hours. From the first day of the experiment, the ketoconazole preparation be-
gan to exert its influence on the growth of Chlorella sp. cells. The growth rate in the control group was
0.4 £ 0.01, the growth rate in the first experimental group was 0.1 + 0.02, and the growth rate in the second
experimental group was 0.05 + 0.004, in the third experimental group 0.009 + 0.06.
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Figure 1. The growth rate of Chlorella sp. after exposure to ketoconazole

Figure 2 shows a sharp decrease in the cells of Chlorella sp. in a solution containing ketoconazole and a
decrease in biomass. Growth inhibition was 62.91 + 0.004 % _in the first experimental group, 8§7.61 + 0.01 %
in the second experimental group, and 97.7 = 0.004 % in the third experimental group.

120 -

=

o

(=]
1

(03]
o
1

y=0,8563x+ 25,663

Inhibition of growth, %o
o)
o
1

40 - R?=0,7205

20 ~

0 ‘ T T T T T 1
0 20 40 60 80 100 120

Concentration, mg/l
Figure 2. Inhibition of growth of Chlorella sp. after exposure to ketoconazole

Figure3ushows the growth rate after exposure to various concentrations of terbinafine on algae. The
study was conducted within 72 hours. From the first day of the experiment, the terbinafine preparation began
to exert its influence on the growth of Chlorella sp. In a control solution of Chlorella sp. There are no sub-
stances that can prevent cell growth. Therefore, in Chlorella sp. cell growth was at its own pace. The growth
rate in the control group was 0.6 £ 0.002, the growth rate in the first experimental group was 0.08 £ 0.003,
the growth rate in the second experimental group was 0.02 £ 0.01, and in the third experimental group was
0.04 £0.01.

Figure 4 shows a sharp decrease in the cells of Chlorella sp. in a solution containing terbinafine and a
decrease in biomass. Growth inhibition was 86.14 + 0.05 % in the first experimental group, 96.19 £+ 0.007 %
in the second experimental group, and 94.01 + 0.01 % in the third experimental group.
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Figure 3. Growth rate of Chlorella sp. after exposure to terbinafine
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Figure 4. Inhibition of growth of Chlorella sp. after exposure to terbinafine

The results of other studies are in good agreement with our results. Based on these observations, we
would like to draw your attention to.the fact that the presence of various drugs in the ecosystem is very dan-
gerous.

Conclusion

To summarize the study, cell growth rate Chlorella sp. sharply slows down in a solution containing the
drug terbinafine (0.08/d'; 0.02°d™"; 0.04 d") compared with ketoconazole (0.15 d™*; 0.05 d™'; 0.01 d™"). As
well as inhibition of cell growth of Chlorella sp. in solutions with terbinafine is much higher compared to
ketoconazole. Based on these studies, terbinafine is more toxic than ketoconazole and has a negative effect
on aquatic biota. If the effects of antifungal drugs on aquatic organisms are not controlled, then diversity may
change andlead to a reduction in algae populations.

In the experiments of M. Cheb and L. Blach the effect of the synthetic antifungal drug ketoconazole on
Lemna minor, which is a floating freshwater plant and is often used in phytotoxicity analyzes, was evaluated.
L. minor was the most sensitive ECs, in the range from 0.08 to 0.16 mg/1 [16].

In the works of E.K. Palomaki, the toxicity of terbinafine was studied by conducting an experiment with
green algae Pseudokirchneriella subcapitata. Terbinafine was highly toxic to algae, with an ECs, based on a
growth rate of 90 nM and a biomass of 50 nM. Based on the analysis and research results, terbinafine has the
same mode of action in P. subcapitata as in fungi, where an increased presence of squalene leads to cell
death. Based on these individual species analysis and SWIFT analysis, terbinafine has been designated as
«a very toxic pharmaceutical ingredient for aquatic organisms» because of its toxicity to P. subcapitata and
Chlorophyceae algal [17].
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C.E. Tynerenosa, P.P. beiicenoBa, A.K. Ayenr0ekoBa

Banabipiaapabin 3eHre Kapchl NpenapaTTapAabiH dcepine ce3iMTaJAbLIBIFbI

dapManeBTUKANBIK MPeNapaTTapAblH, OJIapJblH METabONUTTEPiHIH XKOHE Cy OpTachlHAA TpaHchopMmaius
oHIM/IepiHiH, 00ITybI COHFbI OHKBUIIBIKTAFbI aliTapibIKTail Macesne Goubin oThip. Kasipri Tanaa amam3at Typii
(bapMaLEBTHKAIBIK HpenapaTTapisl NaiianaHaibl. Anaiaa onapibl KOJJAaHFAHHAH KeWiH mpemnaparrap
arbIHABL CYJIApIBIH Ta3apTy KOH/ABIPFbUIAPBIHA IIBFAPbUIA/BI, OJAPJbl TOJNBIFBIMEH JKOK MYMKIH eMec.
Hermxecinpe omap cynpiH Oerine mbransl. OnapAblH KOpIIaraH OpTana TaOBLIYyBl XOHE OMOJOTHSUIBIK
OenceHiIiri MaKcaTchI3 TYpJep YIINiH KOJIAHBUTYyBIHA OaJIaHBICTHI aJaHNAyIIBUIBIK TYFBI3yIa. 3epTTey/e
Kazakcranna keHiHeH KOJJIAQHBUIATHIH €Ki (apMameBTHKAIBIK IIperapar, atan aiTKaH4a KeTOKOHA30JI JKoHe
tepbunabun men Chlorella species KojnaHa OTBIPBIN, CYHABIH YBITTBUIBIFBI ChIHANABL byn mpemapartap
Kazakcranmarpl cy GHOTachlHA Kayill TOHAIPETIH I9pi-IopMeKTep Ti3iMiHeri OackiM mpenaparTapiasie Oipi
OoNFaHIBIKTaH TaHAAI aJbIHIABL 3epTTeyae 3eHre Kapchl mpenaparTapablH 72 carat iminae Chlorella sp.
JKacyliamap CaHbl MEH ecy JKbUIOaMiabiFbiHa ocepi Oaramanapl.  20—100 Mr/a  KOHLIEHTpALMSACHIHAA
(hapMareBTHKAIBIK, KOCBIHABIIAPBIH 9Cepi 3epTTeNl. 3epTTey HOTIDKECIHEe YK0-a0COIOTTI 00BEKTIep Cy
onoracel Chlorella sp. ecy KapKbIHBIH eJleyldl TeMeHIeTkeH. An Oyn e3 keserinme 97,7 + 0,004 %
(xeroxoHazoux) xeHe 96,19 £ 0,007 % (Tepbunadun) ecyni Texeyre amsim kenii. COHBIMEH Kartap, 3epTTey
nHotwxkenepi Chlorella sp. ecy >XbIITaMABIFEI TOPT ecere TeMeHAereHiH kepcereni. bym Chlorella sp.
(apmareBTHKANBIK IpernapaTTap dcepine ce3iMTal eKeHAIrH ToNeaeii.

Kinm ce30ep: xopliaraH opra, JacTayllbl 3aTTap, MeJILIEpiey, KETOKOHa30J, TepOuHadHH, 3eHre Kapehl
napinep, Chlorella sp., ecy KapKbIHBI, ©CyiH Texenyi, TaMusi KOPEKTiK OpTachL.
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C.E. Tynerenona, P.P. beiicenosa, A.K. Ayenp6exoBa

YyBcTBUTEIbHOCTH BOJIOPOCJIei HA BJMsSIHNE NPOTHBOIPUOKOBBIX NPeNapaToB

IIpucyrcTBue (apmarieBTHYECKUX NPENapaToB, UX META0OJUTOB M IPOIYKTOB TPaHC(HOpPMAIH B BOJHOU
cpelie CTaHOBHTCS Bce Ooiee cephe3Hol mpobiieMoi B IOCIEHNE AECSATIICTH. B HacTosIee BpeMst JIFoIH
MIPUMEHSIOT pa3INgHble (hapMarieBTHIecKie npenaparsl. OHAKO MOCIe UX yIOTPeOIeH s IIpenapaTsl BBIBO-
JSITCSL Ha OYHCTHBIE COOPY)KEHHS CTOYHBIX BOJ, II€ OHM HE MOTYT OBITh YCTpPaHEHBI IOJHOCTEIO,
B pe3y/bTaTe OHM TIOMAAAI0T B MOBEPXHOCTHbIE BOAbL. MX oOHapyxeHHE B OKpyXalolled cpeae H
Ouonoruueckasi aKTHBHOCTH BBI3BIBAIOT OOECHOKOEHHOCTh MO MOBOAY MOTEHIMANBHBIX HEOIarompHATHBIX
BO3/ICHCTBUII Ha HeleneBble BUABL. B manHOl paboTe aBa HamOosee MIMPOKO UCHONB3yeMbIX B Kasaxcrane
MPOTUBOTPUOKOBBIX (hapMalleBTUYECKHX Mpenaparta — KETOKOHA30J1 U TepOuHadhuH — ObUTH M3ydYeHBI Ha
BOJHYIO TOKCHYHOCTH C mcnons3oBanueM Chlorella species. Otu mpenaparsl ObUI BEIOPAHEL, MOCKOIBKY
SIBIIAIOTCS OJHUMH U3 TEPBEIX B CHHCKE JICKAPCTBEHHBIX IIPENaparoB, MPECTaBISIOMNX PUCK JUIS BOJHON
6uotsl B Kazaxcrane. Ilocnencreus neiicTBUs MpemapaToB B TedeHue 72 4 B koHmeHTparusax 20—100 mr/n
OLICHUBAINCH IO KOJIMYECTBY M CKOpocTH pocta kietok Chlorella sp. B pesynbrare wuccienoBaHUsS
YCTaHOBJIEHO, YTO JTaHHBIE YKOMOIIOTAHTHI IPHUBOAAT K 3HAUUTEILHOMY TOPMOKEHHIO POCTa KiIeTok Chlorel-
la sp. Mo cpaBHEHMIO C KOHTPONBHOH Tpymmoii: kerokoHaszon Ha 97,7 +0,004 %, a tepbuHadhuH — Ha
96,19 + 0,007 %. Kpome Toro, pe3ynpTaTsl MOKa3adM, 9YTO CKOPOCTh POCTa MPEACTABUTENS BOAHOH OMOTHI
Chlorella sp. ymeHpIIMIACh B YETHIpE pas3a, a 3TO AoKaswiBaeT, uto Chlorella sp. ysa3BUM Jisl BO3AECHCTBUSA
(hapMareBTHIECKHUX MIPETapaToB.

Kniouesvie crosa: okpyxaromias cpena, 3arps3HUTENN, KOJIMYECTBEHHOE OHpeJeNicHHe; KeTOKOHA30I,
TepOuHauH, NPOTUBOTPHOKOBEIE npenapatsl, Chlorella sp., ckopocTh pocTa, HHTHOUIHS. POCTa, IIUTATETb-
Has cpena Tamus.
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