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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 µg/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 3. Growth inhibition
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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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Макролидтердің макрофит өсуіне əсері 

Мақалада қарастырылған мəселе бүгінгі күні өзекті болып табылады. Соңғы кезде Қазақстанда 
фармацевтикалық препараттар химиялық ластаушылар ретінде зерттелген жоқ. Фармацевтикалық 
препараттар тіпті төмен концентрацияда қоршаған ортаға улы əсер етуі мүмкін. Жер беті бойынша 
олардың алуан түрлі концентрациясы беткей суларда табылған болатын. Сондықтан фармацевтикалық 
препараттардың су биотасының өкілдеріне токсикалық əсерін зерттеу маңызды болып табылады. 
Мақалада қарастырылған зерттеу фармацевтикалық препараттардың Lemna minor балықотының 
өсуіне əсерін зерттеу бойынша экотоксикалық эксперимент нəтижелерін көрсетті. Макрофиттердің 
токсикалық əсерін бағалау үшін азитромицин жəне кларитромицин макролидтері таңдалды. 
Фармацевтикалық препараттардың балықотына əсерін зерттеу 10, 30, 50, 70 жəне 100 мг/л 
концентрацияларында жүргізілді. Зерттелетін нысанға фармацевтикалық препараттардың əсерін 
қарастыру екі өлшемге негізделген болатын: өсімдік жапырақтарының саны жəне жалпы жапырақ 
ауданы алынды. Зерттеу нəтижелеріне сəйкес, Lemna minor макролидтердің өте төмен 
концентрациясына сезімтал болып табылды. Жалпы өсу тежелуі азитромицин препаратының 70 мг/л 
концентрациясында байқалды жəне кларитромициннің 50 мг/л концентрациясы 100 % ингибир-
ленгенін көрсетті. 

Кілт сөздер: фармацевтикалық ластану, макролидтер, макрофиттер, Lemna minor, азитромицин, 
кларитромицин, экоулану. 
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Влияние макролидов на рост макрофитов 

Данное исследование является актуальным и посвящено проблеме экотоксичности фармацевтических 
препаратов, которые являются стойкими загрязнителями в окружающей среде. До недавнего времени 
в Казахстане проблема фармацевтических препаратов в качестве химических загрязнителей не 
изучалась. Фармацевтические препараты могут оказывать токсическое воздействие на организмы 
окружающей среды даже при низкой концентрации. Были обнаружены их концентрации в поверх-
ностных водах по всей земле. Поэтому важно проводить исследования токсичности антибиотиков к 
водным организмам. Данное исследование демонстрирует результаты экотоксикологического 
эксперимента воздействия фармацевтических препаратов на рост ряски Lemna minor. Для теста на 
токсичность макрофита были выбраны такие макролиды, как азитромицин и кларитромицин. Для 
изучения воздействия препаратов на ряску были установлены концентрации 10, 30, 50, 70 и 100 мг/л. 
Влияние фармацевтических препаратов на исследуемый объект — макрофит — оценивали на основе 
двух переменных измерений: количество листьев и общая площадь листьев данного растения. 
Результаты исследования показали, что Lemna minor чувствительна к воздействию макролидов даже 
при низкой концентрации. Общее ингибирование роста было обнаружено в концентрации 70 мг/л 
азитромицина, тогда как кларитромицин показал 100 %-ное ингибирование ряски в концентрации 
50 мг/л. 

Ключевые слова: фармацевтическое загрязнение, макролиды, макрофиты, Lemna minor, азитромицин, 
кларитромицин, экотоксикология. 
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