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The effect of macrolides on the growth of macrophytes

The present research is highly relevant and considers the problem of the ecotoxicity of pharmaceuticals that
are persistent in the environment. Until recently, pharmaceuticals have never been studied as chemical pollu-
tants in Kazakhstan. Pharmaceuticals can have toxic effect to the environmental organisms even in low con-
centration. Their concentrations were determined in surface waters around the Earth. It is important to con-
duct the study of the toxicity of antibiotics to the aquatic organisms. The following study demonstrates the re-
sults ecotoxicological experiment on duckweed Lemna minor. Macrolides as azithromycin and clarithromycin
were selected for toxicity test of macrophyte. The test concentrations of substances were set up as 10, 30, 50,
70 and 100 mg/L. The effect of drugs on study species were assessed based on two measurement variables as
frond numbers and total frond areas. The results of the research showed that Lemna minor is sensitive to the
exposure of macrolides even in low concentration. Total growth inhibition was found in concentration 70
mg/L of azithromycin, while clarithromycin showed 100 % inhibition of duckweed in concentration 50 mg/L.

Keywords: pharmaceutical pollution, macrolides, macrophyte, Lemna minor, azithromycin, clarithromycin,
ecotoxicology.

Introduction

Nowadays, all people use pharmaceuticals in daily life. Recent studies have focused their research on
chemical agents as pharmaceuticals, personal care products, synthetic detergents and insecticides that are
used in veterinary medicine. These chemicals are referred as environmental contaminants [1, 2].

There is insufficient knowledge about contamination and effect of pharmaceutical products and their
metabolites on the environment. After drugs and their derivatives enter the environment, they can lead to the
risk of ecosystem. Currently, the majority of population consume pharmaceuticals with and without prescrip-
tion. It is believed that the high percentage of many pharmaceuticals excretes from the body and release
unmetabolized in the wastewater as biologically active substances. A specific example which proves this
statement was published Chemosphere, where Kummerer (2001) showed that 90 % of the propofol that had
been used in anesthesia was released unmetabolized. This is a very high percentage, and a lot of various
pharmaceuticals enter the wasterwater unmetabolized, and their impact on the environment is still not well-
known. There is no doubt pharmaceuticals and synthetic chemicals in personal care products currently re-
leased into the environment in very large quantities on a regular basis. Nevertheless, the exact effect that
each medication has on ecosystems, biota and humans are still poorly studied. Therefore, it is essential to do
further research [3].

There have been published many papers on impacts of pharmaceuticals on marine environment [4—6]. It
was found that even low concentrations of drugs have effects on fish, invertebrates, algae and bacteria. For
instance, during 28 days, diclofenac could have negative histological impacts on kidney and gills of rainbow
trout even at concentration 5 ug/L [7]. Moreover, acetaminophen, venlafaxaine and gemfibrozil in concentra-
tions 10 g/L had adverse reproductive effect. These pharmaceutical products generate the reproduction and
transformed kidney proximal tubule morphology [8]. In Kummerer study, the low concentrations of propran-
olol and fluoxetine had impact on reproduction in marine species and the nervous system in fish [9].

According to the Statistics Agency of Kazakhstan for the last 10 years, from 2004 to 2014, retail sales
of pharmaceutical products increased by 6 times (Fig. 1) [10].

For the first time, Kazakhstan is addressing the issue of the ecology of the pharmaceutical market in the
country. The population of Kazakhstan is growing and the demand for the medical substances will rise. It is
important to carry on studies on monitoring of pharmaceutical industry.
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Figure 1. Retail sales of pharmaceutical products in Kazakhstan from 2004 to 2014 [10]

Therefore, the purpose of the present research was to evaluate the growth of duckweed Lemna minor to
macrolide antibiotics as clarithromycin and azithromycin in various concentration. Clarithromycin and
azithromycin were selected as they were defined as priority pharmaceutical ingredients based on hazards to
aquatic biota in our country. There are 29 pharmaceuticals products of that contain clarithromycin and
azithromycin is included to 21 pharmaceutical products in Kazakhstan. There are deficit ecotoxiciolgical da-
ta of drugs for Lemna minor. Higher aquatic plants are more sensitive in comparison with algae species.
Therefore, risk assessment results should pay a big attention macrophytes [11].

Materials and methods

The present study has focused on toxicity of two antibiotics as clarithromycin and azithromycin to the
duckweed Lemna minor. The following compounds were selected using a prioritization study based on the
risk of active pharmaceutical compounds to aquatic environments in Kazakhstan [12].

Lemna minor duckweed was selected for the assessment of the toxicity of drugs to their growth. Lemna
minor species were collected from Food and Environment Research Agency UK. Totally 360 frond colonies
with 720 fronds were used in order to perform the Lemna minor growth inhibition toxicity test. Macrolides
for growth inhibition test and standards of acetone, methanol, ethanol, that had been used as solvents were
purchased from Sigma-Aldrich UK. Lemna minor species were cultured in Swedish Standard (SIS) growth
medium. The compounds for the preparation of SIS medium were supplied with Sigma-Aldrich UK, Fisher
Scientific UK and Acros Organics.

Lemna minor growth inhibition test was performed according to the Organisation for Economic Co-
operation and Development (OECD) Guideline for the testing of chemicals 221 [13]. The aim of the study
was to assess substance-related effects of antibiotics on vegetative growth over seven days based on evalua-
tion of two measurement variables as frond numbers and total frond areas. In order to assess substance relat-
ed effects, the results of tested samples were compared with controls and the halfway maximal concentration
expressed as the ECso. The test concentrations of individual compounds were set up as 10, 30, 50, 70 and
100 mg/L. During the test duckweeds were kept in growth media in the growth chamber with constant tem-
perature 2442 °C. The test petri dishes were constantly illuminated from top down with a help of light tubes
with a light intensity 85-135 uE*m’s™". Fronds were calculated at the beginning of the test, then on day 3 and
day 7. During the test, total frond area was also detected. In order to assess total frond area, digital photo-
graphs of the Lemna minor were taken after all petri dishes had been filled with fronds. The area of the colo-
nies in each test sample was detected using the image analysis software Image J. The image scale was set for
10 mm, with 450 pixels. Then, hue color was adjusted to make green fronds more visible and picture was
modified to 8-bit type. After that, with usage of threshold operation, Lemna minor fronds were set to red.
Finally, total frond area was analysed. Total frond area was calculated on start of experiment, day 3 and at
the end of the test (Fig. 2).

Outlines in size was modified to «0,005 mm-infinity» in order to eliminate small impurities in the im-
age. The results of area were presented in mm”[13].
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Figure 2. Adjusting Lemna minor fronds to red via threshold operation (4); the last stage of analyzing total frond area
in Lemna minor (B) (10 mg/L azithromycin concentration is displayed for demonstration)

In order to detect the effect of antibiotics on the vegetative growth of duckweed average growth rate
and percent growth inhibition was found in Lemna minor. Average growth rate was found according to the
changes in the logarithms of frond numbers, while growth inhibition was detected on bases of differences in
the logarithms of total frond area. The growth rate of frond numbers of Lemna minor was calculated by fol-
lowing equation (1) [13]:

In(N,)-In(N,)

Wg=———— > M

where pn;; — mean growth rate from time 7 to j; N; — measurement variable in the test or control vessel at
time i; N; — measurement variable in the test or control vessel at time j; # — time period from i to ;.

Results and discussion

In general, duckweeds are pervasive in nature. They occur on relatively fresh water as lakes, ponds and
quite streams. Lemna minor is the most widespread duckweed species. There are many benefits on selecting
duckweeds Lemna minor as the object for the ecotoxicity experiment. They do not need the big laboratory
equipment and can be simply recognized without use of microscope. Growth inhibition test on Lemna minor
requires minimal time and does not require expensive utensils [14].

Overall, the growth rate of control samples was 0,17 d”'. Initially, fronds number in controls was
7,3+£0,6 and by the end of the test it reached to 24+2,6. In addition, total frond of controls at the start day was
21,64+4,7 mm and then after 7 day it was 90,9+11,7 mm. It can be concluded that in 7 days without spiking
any substances Lemna minor grew almost in 4 times.

The results of growth inhibition and growth rate of azithromycin to Lemna minor is demonstrated in
Figure 3. The highest tested concentration was fatal for fronds of Lemna minor. Total growth inhibition was
found in concentration 70 mg/L. The growth rate below 0,01 day"' was found in concentration 50 mg/L and
70 mg/L.

The following tested compound was found in the environment. In a study which set out to determine the
occurrence of azithromycin in surface water of Germany, Christian et al. found this substance in concentra-
tion from few ng/L to 13 ng/L [15]. Previous Brain et al. research showed that even in concentration below
1 mg/L macrolide class of antibiotics causes decline in macrophytes growth [16].

The results obtained from the assessment of clarithromycin to growth of duckweed are shown in Fig-
ure 4. The following macrolide showed a high toxicity towards to Lemna minor. The concentration of
50 mg/L of the substance showed 100 % inhibition of duckweed. The growth rate of following compound
decreased to 0,03+0,02 d”'. Previous study on toxicity of clarithromycin showed that it can decrease biomass
production of duckweed. This macrolide was detected around the world in different concentration. Baumann
et al. paper states that founded concentration of our tested substance varied from 12 to 536 ng/L in effluents
of the world [16]. Moreover, the concentration of clarithromycin was detected even in surface waters, as
Glatt river in Switzerland where its concentration reached 75 ng/L [18].
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Figure 3. Growth inhibition (4) and growth rate (B) of Lemna minor to azithromycin (p < 0,05)
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Figure 4. Growth inhibition (4) and growth rate (B) of Lemna minor to clarithromycin (p < 0,05)
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The assessment of control solvents as methanol, acetone and deionised water to Lemna minor was con-
ducted to analyse if solvents have effect to the growth of Lemna species. The results did not show the high
toxicity in concentration 1 mg/L, which was used the highest exposure. The growth inhibition of methanol,
acetone and deionised water in 1 mg/L was 9,91+£0,45 %, 9,56+0,68 % and 6,67+1,78 % respectively. Over-
all, it was found that duckweeds are sensitive to macrolides.

Currently, in our country drugs pollution do not have a critical situation. Therefore, it is significant to
detect and to do more research on potential pharmaceutical contamination problem and take actions to im-
prove and protect ecological and human health, before our environmental condition deteriorate [19].
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Maxkpoauarepain Makpo(puT ecyine dcepi

Makanasa KapacThIpBUIFaH Mocene OYTiHrl KyHi e3ekTi Oonbin TaObmiansl. Conrbl ke3ne Kaszakcrannma
(hapMareBTUKANBIK Tpenapartap XUMUSJIBIK JAcTayIIbIap PeTiHAE 3epTTeNreH oK. dapMalreBTHKAIBIK
TpenapaTTap TINTi TOMEH KOHIEHTpAalusia KOpIIaraH opTara yibl ocep eTyl MyMkiH. XKep Oeri GoiibrHmra
OJIapJIBIH alTyaH TYPJIi KOHIIEHTPAIMACH! OeTKeH cynapya TabsuraH 60maTeH. COHIBIKTAH (hapMalleBTHKAIBIK,
npenapartap/blH Cy OHOTAChIHBIH OKIJJepiHE TOKCHKAIBIK 9CEpiH 3epTTey MaHbI3Ibl OOJBIN TaObLIaIbL.
Makanaza KapacThIpbUIFaH 3epTTey (hapMaleBTHKANBIK IpenaparTapAbly Lemna minor OabIKOTHIHBIH
ecyiHe ocepiH 3epTTey OOWBIHIIA IKOTOKCHKAIIBIK JKCIEPUMEHT HOTIDKETepiH kepcerTi. Makpodurrepaiy
TOKCHKAJbIK ocepiH Oaranay YLIIH a3UTPOMMIMH JKOHE KIAPUTPOMMIMH MAKpPOJIMATEPI TaHAAJIbI.
@dapMmaneBTUKANBIK HperapaTTapAbly  OanblKoTeiHa ocepin 3eprrey 10, 30, 50, 70 sxome 100 mr/n
KOHICHTpalMsUIapbIHA SKYPri3inai. 3epTTeneTiH HbIcaHFa (hapMaleBTHKAJBIK IperapaTTapAblH dcepiH
KapacTBIPy €Ki eJIIIeMre HETi3/IeNTeH OOJIaThIH: OCIMJIIK JKaIbIPAKTapBIHEIH CAHbBI )KOHE JKaJIBI JKaIlbIpak
aymaHbl aNbIHABL 3epTTey HOTIKeNepiHe coiikec, Lemna minor MaKpOIUATEPAIH ©Te TOMEH
KOHLCHTPALMSACHIHA ce3iMTa 6oJbin Tabbuiabl. JKanbl ecy Texenyi a3uTPOMHLIMH MpenaparbiHbH 70 Mr/ia
KOHLICHTPALMAChIHAA OaiiKanabl koHE KIApUTpOMHULMHHIH 50 Mr/n xoHueHrpauuscsl 100 % uHrHOup-
JICHTeHiH KOPCETT.

Kinm ce30ep: QapmaueBTHKANBIK JacTaHy, MakpoJuarep, Makpodurrep, Lemna minor, a3UTPOMHULMH,
KIIaPUTPOMHUIIUH, SKOYJIaHy.

b.H. Ay6akupoga, P.P. beiicenosa, XK. Paxeivkankeizer, H.I11. XKypmanosa

Biusinne MakpoJMa0B HA POCT MaKpoOpUTOB

JlaHHOE HCCciIenoBaHNe SBISICTCS aKTYaJIBHBIM U ITOCBSIICHO IPOOIeMe SIKOTOKCHYHOCTH (hapMarieBTHIECKIX
IpenapaToB, KOTOPBIE SBJIAIOTCS CTOMKMMU 3arpsi3HUTEIAMU B OKpyXkarolel cpene. Jlo HepaBHEro BpeMeHU
B Kazaxcrane mnpobGinema ¢apmarieBTHYECKUX IPENapaToB B KauecTBE XUMHYECKHX 3arpsisHUTENed He
usydanachk. PapmaneBTHUECKHE NpenapaTbl MOTYT OKa3blBaTh TOKCHUYECKOE BO3/CHCTBHE HA OPraHU3MBI
OKpY’Karolllel cpeibl Jaxe NMpU HU3KOM KOHIEHTpaluu. b oGHapyeHbl MX KOHLEHTpAluH B MOBEPX-
HOCTHBIX Bofax Mo Bceil 3emie. [loaToMy BaXKHO NMPOBOAUTH HCCIIENOBAHUSI TOKCHYHOCTH aHTUOMOTHKOB K
BOJHBIM oOpraHusMaM. JlaHHOe HCClENOBaHUE JEMOHCTPUPYET pe3yIbTaThl SKOTOKCHKOJIOTHYECKOrO
JKCIIEpUMEHTa BO3JICHCTBUS (hapMaIleBTHUECKUX IIPENapaToB Ha POCT psicku Lemna minor. Jlns Tecta Ha
TOKCHYHOCTh Makpodura ObUIM BBIOpPAHBI TaKHe MaKpOIUABI, KaK a3UTPOMHIMH M KIAPUTPOMUIUH. J[ist
H3y9YeHHs BO3/CHCTBHS MperapaToB Ha PACKY ObUIH ycTaHOBIEHH! koHIeHTparuu 10, 30, 50, 70 u 100 mr/m.
BnustHue dapmaneBTHYECKHX MPENapaToB Ha UCCIEAYEMBII 00BEKT — MakpO(UT — OIEHUBAIIM Ha OCHOBE
JIBYX TEpEeMEHHBIX H3MEPEHMI: KOIMYECTBO JUCTBEB M OONIas IUIOIAAb JHUCTHEB AAHHOTO PACTEHHS.
Pe3ynpTaThl ncciaenoBanus Mokas3aau, 4To Lemna minor 4yBCTBUTENIbHA K BO3JCHCTBHIO MAaKPOJIHUIOB JaKe
npu HU3KO# KoHIeHTpauuu. OOliee HHrHOMpOBaHHE pocTa ObLIO OOHAPY)KEHO B KOHUEHTparmu 70 Mr/i
A3UTPOMUIIMHA, TOTAA Kak KiIapuTpoMmuiuH 1mokaszan 100 %-Hoe MHrHOMpOBaHHE PACKH B KOHICHTPAIUH
50 mr/m.

Knrouegvie cnosa: Q)apMaHCBTH‘IeCKOG 3arpsA3HECHUE, MaKpOJIU/bI, MaKpO(i)I/ITI)I, Lemna minor, A3UTPOMHUIINH,
KIIapUTPOMHUIIUH, SKOTOKCUKOJIOT .
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