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Abstract

Quinolone antibacterial agents represent a chelyibalmnogenous group
of purely synthetic antibiotics which originatedtire early 1960s and still play an
important role in the antimicrobial chemotherapy.

Quinolones (or more specific, fluoroquinolones) &mequently used in
human therapy for treatment of both common andosgsridiseases (they are
irreplaceable also against bioterrorist weaponsh sas anthrax). Some of the
fluoroquinolones are also among the most used imergr antimicrobials,
including their large-scale usage in aquaculturdy@ the Czech Republic, their
annual consumption is in the order of millions efided daily doses (DDD).

Fluoroquinolones as entirely synthetic compoundsatohave any natural
source in the environment — therefore their ocecueein both terrestrial and
aguatic ecosystems is the result of human activiixcluding the direct
application to the aquatic environment (prophylaaisd treatment of bacterial
diseases in the aquaculture), the most common pbomntry of fluoroquinolones
into the environment is via the wastewaters. Numerstudies carried out in
different countries have shown that even after isdveteps of wastewater
cleaning process, fluoroquinolones can be foundhm final effluent of the
wastewater treatment plants (the amounts of fluaradones are mostly in the
order of tens or hundreds of nff)L The effects of fluoroquinolones on the
aguatic ecosystem are not known enough.

In this study, | performed an ecotoxicological stiag of three
fluoroquinolone antibiotics (ciprofloxacin, norflagin, and ofloxacin, that are
most commonly used in the Czech Republic) on feesHwater organisms in
order to determinate acute toxicity of the testednecotherapeutical agents. The
experimental organisms included a green algal speéiseudokirchneriella
subcapitata a ciliated protozoanletrahymena pyriformjsa rotifer, Brachionus
calyciflorus and an anostracan crustace@hamnocephalus platyurugll tests
were conducted as acute toxicity tests. The coraons of fluoroquinolones
started at 12 mg't, 3 mg L', and 0.3 mg L, respectively and in each test at least
eight different concentrations of the antibiotiosrerinvestigated.

The results suggest that the acute toxicity oftknee fluoroquinolones is
considerably different to various species. The ribgoinolones exhibited low



acute toxicity on algal specieB. subcapitataand crustacearil. platyurus
Significantly higher acute toxicity of the quinorantibiotics was observed on
B. calyciflorus (with the exception of norfloxacin) an@. pyriformis with the
respective LG or 1G5 values in the range of reported quinolone conedétrs
occurring in the environment, and thus a possielgative impact on the natural

population of these organisms.



Abstrakt

Chinolonova antibiotika i@dstavuji chemicky zita¢ homogenni skupinu
vyhradré syntetickych latek objevenych v Sedesatych letathulého stoleti.
Dodnes si tato antibiotika zachovala vyznamnou@azantimikrobialni terapii.

Chinolony (nebo fesrgji fluorochinolony) jsou c¢asto pouZivané
v humanni terapii k ¢ jak béznych, tak i zavaznych onemaen a navic jsou
povazovany za iezitou sowast boje proti bioterorismu (jako bioteroristicka
zbrai je hodnoceny ndfklad antrax). Nktefi zastupci fluorochinolain rovnéz
pati mezi ne{astji pouzivana veterinarni antibiotika, a totein® jejich
velkoplodného pouziti v chovu ryb. Jenom v samdieéké republice se &oi
spoteba fluorochinolonovych antibiotik pohybuje f&dech milioi DDD
(definovanych dennich davek).

Fluorochinolony jako vyloné syntetické sloéeniny nemaji v Zivotnim
prostedi girozeny zdroj, proto je jejich vyskyt v suchozemshyi vodnich
ekosystémech povazovan zaskkdek lidskécinnosti. Nebudeme-li uvazovat o
piimé aplikaci fluorochinoloin do vodniho prosédi (jako prevenci nebo déu
nemoci zuiat ve vodnim hospodstvi), predstavuji vstupni brangdhto latek do
okolniho prostedi odpadni vodyCetné wdecké prace Ziznych stai poukazaly
na fakt, Ze dokonce i poékolikastupiovém ¢isténi odpadnich vod je Uroiie
fluorochinolori na vytoku Zisticky odpadnich vod &tSinou viddu desitek az
stovek ng [Y). Vliv fluorochinoloni na Zivotni prosedi gitom nebyl dostatang
prozkouman.

V této praci jsem se zatfila na vypracovani ekotoxikologického profilu
ttech vCeské republice n&gstji pouzivanych fluorochinolonovych antibiotik
(ciprofloxacinu, norfloxacinu a ofloxacinu). V tdealogickych testech byly
pouzité étyti sladkovodni druhy, abych ziskala relevantni inface o akutni
toxicit¢ testovanych antibiotik. Experimentalnimi organismigyly fasa
Pseudokirchneriella subcapitata prvok Tetrahymena pyriformjs viinik
Brachionus calyciflorusa kory§Thamnocephalus platyuru¥Sechny testy byly
provedené jako testy na akutni toxicitu.c&ani koncentrace fluorochinoldn
byly 12mgL*, 3mgL? resp. 0,3mgt a pro kazdy test bylo fipraveno
alespa osm fiznych koncentraci pouZzitych antibiotik.



Ziskané vysledky naznaji, ze akutni toxicita jednotlivych chinolarse
liSi v zavislosti na testovaném organismu. Nizkataktoxicita byla nalezena pro
fasu P. subcapitataa korySeT. platyurus Na druhé straf znanou akutni
toxicitu vykazovala pouzita antibiotikaidi vifniku B. calyciflorus(s vyjimkou
norfloxacinu) a prvokd . pyriformis V téchto gipadech byly hodnoty L4g, resp.
ICso srovnatelné s koncentracemi fluorochindiomalezenymi v Zivotnim
prostedi, coZz by mohlo negati¥novlivnit populace &chto organism v jejich

piirozeném prosedi.
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1. Preface

Since the appearance of the first antimicrobianag used in human and
veterinary therapy (sulfonamides and penicillinpgit importance increased
gradually. In time, numerous chemical compoundsh baturally occurring and
synthetic, were added to the nowadays large grodp anotibacterial
chemotherapeutic agents. Antibiotics significamtbcreased mortality on various
diseases, shortened the period of healing, preddnben delayed effects of the
disease-causing organisms. On the veterinary faitimicrobials allowed a
considerably higher production with a decreases tdshe animals.

Due to the frequently use (and often overusentibetics in both human
and veterinary therapy, several new problems hagerain the past decades.
Resistance of bacterial species to antibioticsndefely became an important
issue in the antimicrobial chemotherapy. The walhkn multi-resistant bacterial
strains were one of the most severe and oftenlletmsequences of non-rational
antibiotics usage. Because the resistance of nesrdb antibiotics has direct
impacts on human health, the research on this fi@s very intense and solved
several vital questions. The results of this redeaave also been implemented in
the praxis — the surveillance of antimicrobial agewsonsumption and the
elaboration of rational antibiotic therapy guideknmay serve as good examples.

A completely different problem is the occurrenoel &ate of antimicrobial
agents in the environment. Antibiotics in large mfitees are directly applied to
the aquatic environment in the aquaculture, andatgemounts of various
antibiotics are daily delivered via the wastewatdrboth communal and hospital
origin. The wastewater treatment plants do, in,fadiminate a significant
proportion of the whole amount of antimicrobials,utb numerous
chemotherapeutic agents can to various extentbgtifound in the final effluents
of the wastewater treatment plants.

The fate of most antimicrobials in the environmesntinknown. Do they
remain in the aquatic ecosystem or are they addoobethe soil particles and
enter the terrestrial ecosystem? Do they undergdkeua of degradation and lose
their antimicrobial effect? Are they stored in atalar compartment or are they
distributed evenly to the whole environment? Andstrimportantly: how do they
influence the living part of the ecosystems? Whatthaeir effects on non-target

11



organisms? And what the consequences of the pallgrditered ecosystems will
be? These questions need to be answered in ordgretimrm a proper

environmental risk assessment of the large growgmbibacterial agents.

This study is focused on the ecotoxicological suireg of three very
frequently used fluorochinolone antibiotics on stde freshwater species and is
intended to investigate the acute toxicity of tdstieoroquinolones. The tested
compounds were chosen because they are commomyiruaatibacterial therapy
in the Czech Republic, are often found in the waaters in many countries and
the knowledge about their fate in the environmam #eir impact on aquatic
ecosystem is fairly poor. Published works dealinghwthe influence of
fluoroquinolones on model plant and animal spearesscarce and often focused
on only one or two different species.

Present research is related to other studies sgpdnby Mgr. Jitka
Vytlagilova, which were elaborated at the Department ludrBhaceutical Botany
and Ecology, Faculty of Pharmacy in Hradec Kralo@harles Univeristy in
Prague. Other works deal with selected pharmacdsti¢not restricted to

antimicrobial agents) commonly used in the CzecpuRéc (e.g. paracetamol).
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Aims of the Present Research

1. To determinate the acute toxicity of three fluoroquinolone antibiotics
commonly used in the therapeutic praxis on selected freshwater experimental
organisms.
Solved questions:
* What concentration range of the antibiotics shdaddused for the
ecotoxicity tests?
* Do the selected fluoroquinolones have similar atokecity on the

tested experimental organisms?

2. To estimate the environmental risk of three fluoroquinolone antibiotics
with regard to their acute toxicity on selected freshwater experimental
or ganisms.

Solved questions:

» Are the obtained acute toxicity data of the invsid
chemotherapeutical agents in accordance with dlailpublished
works?

» Based on the obtained results, are there any emagatal risks
associated with the quinolone antibiotics tested?

13



2. Introduction

At the beginning, | would like to explain the sttue of the introduction
presented. In this thesis, | deal with ecotoxicmalyscreening of three selected
antibiotic substances commonly used in infecticgatiment. For a more deep
understanding of their effects on organisms tested, useful to have at least a
fairly knowledge of the structure, chemical andldugcal properties of these
antibiotic agents. Therefore, | will provide somasiz information on the history
and the therapeutic aspects of one particular grolu@ntibiotics — namely
quinolones — which compounds used in this resehbelong to.

Further, 1 will try to encompass the most importéatts regarding the
effects of antibiotic agents on wastewaters andfaser waters, and their
consequences for aquatic environment with heavyhesip on quinolones. And
lastly, 1 will deal with organisms and biologicasts used for the purpose of

ecotoxicological screening.

2.1. Quinolones

In the present days, there are many substancesantthiotic activity.
Some of them are used widely, some are restrictetteatment of particular
diseases or biological groups and some are lomgpftan or not explored yet. Due
to the excessive amount of these compounds, tissifitation of antibiotics was
established; dividing them into groups based ommita structure and origin.
Quinolones represent a relatively homogenous godugntibacterial agents, with
their history reaching into early 1960s and extegdip to the present days.

2.1.1. Characterization of Quinolones

2.1.1.1. Chemical Structure and the Structure-Activ ity Relations

The structure of quinolone antibiotics was derigedinally from quinine.

The first compound of this chemotherapeutical graapbe discovered was

14



nalidixic acid in 1962. During the following yearspme structural changes
improving the pharmacokinetic and pharmacodynamalities were made.

The basic chemical traits common to quinolones lireszthe presence of a
heterocyclic structure (namely quinoline, less mféénnoline or naphtyridine), a
carboxylic acid in position 3 and a ketone in gosi4 (see Figure 2.1.). Positions
3 and 4 are crucial for the antibiotic activity @erson and MacGowan, 2003;
Hartl, 2006).

Caontrols Contrels polency, adds
Ve Chram-positive activity
and hacterial

putency 5

F

LEssential for gyrase binding and bactenol
Eramsport

Conerals rodency
apectrum and
pharmacokinetics

R7

Close 10 gyrise
binding sile

R2

-

Controls Rl T
pharmacokinetics
and anperobe
@iy ity

Controls potency
Some effect on pharmacokinetics

Figure 2.1. The general chemical structure of quinolone antibiotics with basic structure-
activity assessment. From Anderson and MacGowan, 2003.

Modifications in some positions revealed to be wirdble, while other
changes enhanced pharmacokinetic and pharmacodyrfeatures of the new
compounds. Among the most important structural paations was the addition
of fluorine atom to position 6, by which a sign#itt increase in gyrase-blocking
activity was achieved. Compounds with this paracugtructural trait were named
fluroquinolones (Domagala, 1994; Anderson and MacGowan, 2003 and
references therein)

For the control of potency, several positions drgreat importance. Aside
from the essential gyrase-binding site (carbonsi® 4), groups R1, R5 and R7
contribute to the resulting antibacterial actiijndersson and MacGowan, 2003
and references therein).

All of three of quinolones used in this thesis ameicturally similar, the
main difference being a morpholine ring in ofloxaeind a cyclopropyl group in

ciprofloxacin — both substitutions do not occurtle two other compounds (see

15



Figure 2.2.). They all contain a structural trduatt allows increased biological
availability of these compounds — namely the presesf piperazine molecule as
the R7 substitute (Hartl, 2006).

COOH COOH

"/ A "/

0
F COOH
/—\ | Figure 2.2. The chemical structure of
fluoroquinolones used in this research.
HC—N N N Upper left — ciprofloxacin, upper right -
\ / norfloxacin, bottom - ofloxacin. Modified
O\ACH

from Lipsky and Baker, 1999.

The cyclopropyl substitute addition in ciprofloxacresulted in further
increased biological availability of the antibiotgent. Due to the presence of
abovementioned morpholine ring in ofloxacin, thibstance is chiral and can be

used as racemic mixture or enantiomer (named lexafiin; Hartl, 2006).

2.1.1.2. Important Properties of Quinolones in Rela  tion to Environmental
Risk Assessment

According to available literal sourcephotochemical properties of
quinolones have been studied extensively becautieeafmpact of the relatively
low photostability of these antibacterial drugs bumans and animals (see
Chapter 2.1.2.2.). On the other hand, as will sEuwised in Chapter 2.2.2.2.,
photodegradation seems to be a very efficient @o0oé the elimination of some
quinolone antibiotics from the environment.

During the process of the photodegradation of domes in neutral

aqueous solutions, several reactive species areragfed — e.g. carbon centered

16



radical, hydroxyl radical and singlet oxygen wesparted (Violaet al, 2004 and
references therein; Vargasal, 2009).

Fasaniet al. (2004) studied the photochemistry of lomefloxaciine
authors reported that lomefloxacin and most likelher 8-halo-substituted
fluroroquinolones endure fragmentation of C-F bamder various experimental
conditions that results in the generation of aorati structure, which is both
chemotherapeutic inactive and aggressive (Fadali 2004)

Other structural part of quinolones most pronalégradation after light
exposure is the piperazine ring in position 7 (odog e.g. in ciprofloxacin,

norfloxacin and ofloxacin; Cérdoba-Diatzal, 1998 and references therein).

Quinolones, as shown in previous chapter, corttaih acidic and basic
groups, thus marking them as zwitterions. The dission constants ) for
these compounds are environmentally relevant — egrfloxacin and
ciprofloxacin occur as zwitterions in very similpH values (Lindberget al,
2006).

The pH value of environment has, to an extent, an influencettoan
distribution of quinolones (e.g. Belden al, 2006 in their study of ciprofloxacin
sorption onto particulate organic matter underedéht pH values).

Nowaraet al. (1997) reported that quinolones (e.g. enrofloxpappeared
to be in the clay soil solutions (pH around 6.0)aagons and tended to interact
with the exchangeable cations bound to soil surface

However, pH value of raw sewage is higher (7.15; Zindberget al,
2006) and quinolones should exist as zwitterionghis pH range — which means
that the sorption of quinolones to particulate erathay be influenced by other
factors. Goleet al. (2003) and Lindbergt al. (2006) suggested hydrophobic and
electrostatic interactions as factors impactingon of quinolones to particulate

matter at higher pH values.

2.1.2. Therapeutic Use of Quinolones

Since the discovery of quinolones, these antibattagents have their

place in treatment of various infection diseasest &l of these substances are

17



used in the present human medicine — some of theng abandoned in favor of
more effective agents and some restricted in tidcal use because of their
adverse effects. For practical purposes, quinolomes divided into several
generations in accordance to their structure atiliatic activity.

2.1.2.1. Generations of Quinolones

Ball (2000) suggested that there are at least tiffereint approaches of
classification of quinolones: the first one beirfge tchronological, based on
development of new molecules, and the second opbyimg “natural selection”,
including for example the frequency of prescriptiof various quinolones.
However, there are several more opinions of thessdigation of this
chemotherapeutic group, distinguishing or not betwe quinolones,
naphtyridones, fluoroquinolones and other sub-gsobpsed on their minor
chemical changes and placing particular antibadtesigents into 3 or 4
generations respectively, sometimes with the amdif several sub-generations.

First-generation quinolones are represented by @hdy substances
discovered back in the 1960s — nalidixic acid (siommes considered as a member
of the naphtyridones), oxolinic acid and the vargtfof the fluoroquinolones —
flumequin. These quinolones were used for treatmantthe urinary tract
infections, because of their pharmacokinetic prigei(Ball, 2000). Flumequin is
still used for veterinary purposes (e.g. in treattrad bacterial infection in fish —
Lalumeraet al, 2004).

All of the three quinolones tested in this work rffexacin, ciprofloxacin
and ofloxacin) belong into the 2. generation, whltharacterized by relatively
wide antibacterial activity and convenient pharnkioetic properties when
compared to 1. generation. All of them have enhdnaetivity, particularly
against Gram-negative pathogens, but with restrigect on Gram-positive
bacteria. Among this group of antibacterial agewmiprofloxacin is the most
potent againdPseudomonas aeruginog@all, 2000; Hartl, 2006).

Chemotherapeutic agents of the second generatwe heen available
since the mid-1980s and have brought important gdsin treatment of several
infections. Second-generation quinolones are wiiflely used in practice. The
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most common indications of these chemotherapegenta are: urinary tract
infections, skin and soft tissues infections, acetecerbations of chronic
bronchitis, nosocomial pneumonia, chlamydial infats, gonorrhea, and
infections caused by. aeruginosa(Hooper, 1998; Ball, 2000; Lincova and
Farghali, 2007). Furthermore, ciprofloxacin seemsbé a very reliable agent
againstBacillus anthracis(considered as a bioterrorist weapon) infectiod &n
post-prophylactic treatment when administered tvwdady (Dezielet al, 2005).
On the other hand, there are some evidences tleabfusiprofloxacin against
Gram-positive bacteria (name8treptococcus pneumonjas not appropriate and
ciprofloxacin should be replaced by a more actikencotherapeutic agent, e.g.
levofloxacin (Lister and Sanders, 1999).

Third-generation quinolones (sparfloxacin, greped@n, tosufloxacin)
are represented by substances with renewed straifgaeterial activity against
Gram-positive bacteria (such as the geftieptococcus but with decreased
activity againsP. aeruginosaThis balanced broad spectrum of activity is used
pulmonary bacterial infection treatment. Furtherepdhese agents have a very
favorable pharmacokinetic profile, which allows ace-daily administration
scheme (Ball, 2000).

As to fourth-generation quinolones (moxifloxacin, atiffoxacin,
trovafloxacin), these substances are considerduktoeserved antibiotics meant
only for treatment of life-endangering infectionghich cannot be eradicated by
other chemotherapeutical agents. They have enhaackdty against Gram-
positive bacteria and their pharmacokinetic profilows their administration in
only one daily dose (Hartl, 2006; Lincova and Fatgi2007).

2.1.2.2. Restriction in Therapeutic Use of Quinolon  es

Quinolones, as every other group of pharmacesticate not without
adverse effects. Because of them, quinolones drsuitable in treatment of all
human patients.

Generally, quinolones are well-tolerated antilomtiwith adverse effects in

about 2 — 8% of patients. The most common adveifeete of quinolones are
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(i) gastro-intestinal effects such as diarrheg pfiiototoxicity and (iii) arthropathy
(Lincova and Farghali, 2007).

Phototoxicity of quinolones is more pronouncedcompounds with 8-
halo-substitution (e.g. Hartl, 2006). Tokura (1998ygested that quinolones have
the same photoantigenic epitope (recognizable byh bd cells and
imunoglobulins) resulting in fluoroquinolone phaotositivity and cross-
reactivity.

Regarding arthropathy, patients should be warnefdréhand to avoid
physical activity during therapeutic treatment walinolone antibiotics. Because
of uncertainty of atrhropathic influence in childrequinolones are generally
contraindicated in children patients, except foresal indications (Lincova and
Farghali, 2007). The newest data on quinolone-iaduarthropathy, as well as
clinical application of quinolone antibiotics inikdren patients, are explored by
Sendziket al. (2009).

2.1.2.3. Current Data on the Therapeutic Use of Qui nolones in the Czech
Republic

As of January 2010, not all quinolones are in theutic use in the Czech
Republic. Following information is based on datsptiyed at the website of the
State Institute for Drug Control — for additionalfarmation, more details and
product names see www.sukl.cz.

According to the State Institute for Drug Contriol,the Czech Republic
there are no medicinal products with the first-gatien quinolones as the
pharmacologically active compound.

Second-generation quinolones represent the magidraly used group of
quinolones in the Czech Republic. Of the quinolopessented in this study,
norfloxacin is the most commonly prescribed. Acaogdo the State Institute for
Drug Control, there are nearly 500 registered medicproducts in the ATC
group JO1IMA (Fluoroquinolones). Of all these praducover 350 have
ciprofloxacin as the pharmacologically active comnpd, 12 of them have
ofloxacin and only 7 norfloxacin. Several of the dioenal products are in the
form of an infusion solution, and therefore intethder hospital use only (for

further details, product names and formswesv.sukl.c2.
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There are currently no registered medicinal prepmars with third- or

fourth-generation quinolones in the Czech Republic.

Currently, available data on quinolones consumpti@gardless of
administration route (i.e. all types of medicinateparations) and patient
(ambulant or hospitalized) in the Czech Republie fiom the years 2007 and
2008 (based on the data provided by AISLP (Pragss);Table 2.1.). Norfloxacin
represents the fluoroquinolone with the highestsoomption in both years, while
ofloxacin is the antibacterial agent with the loivesnsumption in both years. As
to financial value of the fluoroquinolone antiba#iuse in the Czech Republic,
in 2007 the costs for quinolones was around 166amd CZK, in 2008 the costs
for quinolones were higher, around 174 millions Cilata obtained by AISLP,
Prague).

Table 2.1. Quinolones consumption in the Czech Republic in years 2007 and 2008.
Data obtained from AISLP, Prague. DDD = defined daily dose

Thousands of DDD | % of All Quinolones DDD
Quinolone 2007 2008 2007 2008
Ciprofloxacin 1729 1 888 30,99 33,80
Norfloxacin 2 375 2 306 42,56 41,28
Ofloxacin 1334 1263 23,91 22,61
All Quinolones 5 580 5 586 100,00 100,00

Overall, according to ESAC (European SurveillarmfeAntimicrobial
Consumption), the antibiotic consumption in ambulpatients (i.e. excluding
hospitals) in Czech Republic in 2006 lies in thega from 14.4 to 18.69,
expressed in defined daily doses (DDD) per 100@hitants per day, which is the
second-lowest level of use of antibiotics in theurdoies with antibiotic
surveillance by ESAC (for further details see thésinet pages of European

Surveillance of Antimicrobial Consumptionttp://app.esac.ua.ac.be/public/

2.2. Environmental Exposure and Risk Assessment of
Antibacterial Agents in Surface and Waste Waters

Chemotherapeutic agents were proved to be a powantl irreplaceable
means against various bacterial infections. Howethe¥ consumption of these
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substances is, especially in the last decadesssixee For example, Wise (2002)
estimated the annual use of antibiotics to be ald®@ 000 to 200 000 tons
globally. The use of antibiotics is not restrictecthe area of human medicine; it
includes veterinary, agri- and aquacultural purpog2uring the last years, the
concern about the effects of antibiotics use onrenment significantly increased
and several studies on this topic were conducteddwale (e.g. studies of the
last decade focused on quinolones: Halling-Sgreesead, 2000; Goletet al,
2002; Cardozat al, 2005; Lindberget al, 2006; Xuet al, 2007).

The most imminent problem is the possible develapnoé resistance to
chemotherapeutic agents in bacteria that couldtresimpairment of infections
treatment in human and animal patients. Seconliyetis the risk of affecting the
natural inhabitants of aquatic and terrestrial Bmment and its following
consequences could result in degradation of commwtiucture and impaired
function of the whole ecological system. And thyrdthere are also practical
issues of exposing humans and/or animals to inadecamounts of antibiotics
due to the use of sewage treatment plant’'s solatymts (e.g. their use in

fertilizers).

2.2.1. Approaches on the Risk Assessment of Use of Antibiotics
on the Environment

There are several ways to look at the risk assedsofi@ntibiotics use on
environment. As to administration point of view,ffeient countries utilize
different official procedures in order to evaludke risk of use of chemically
active entities — e.g. Bound and Voulvoulis (20p4)vide a comparison of risk
assessment strategies of pharmaceuticals in thaiaguvironment.

From a “practical” point of view, there are sevemapects of the flow of
the antibiotic in the environment that can be eatdd. Antibiotics administered
to ambulant or hospitalized patients undergo toesemtent chemical changes in
the human body — their metabolism is dependenteweral factors including
chemical structure and enzymatic apparatus of tganism — and are eliminated
in the form of more or less active compounds it $ewage waters. From this

point of view, the sewage treatment plants reptesgood starting platform.
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Based on their goals relevant to environmental aisgessment discussed
in this thesis, in following chapters there ardelis the basic three types of
scientific projects which can be found in literalusces (i.e. analytical studies,
mass flow studies, and ecotoxicological studies)order to avoid abundance of
information provided, all works mentioned in thdldwing text are at least

partially focused on quinolones.

2.2.1.1. Analytical Studies

A number of studies focused solely on determinatioin various
pharmaceuticals in sewage waters or sludge, arichproving or simplifying of
the analytical methods (frequently used were ligcimtomatography methods)
designed for these purposes (e.g. Getedl, 2001; Ferdiget al, 2005; Buencet
al., 2007; Xuet al, 2007). A comprehensive review on analytical radthfor the
determination of antimicrobial agents (includingidtoquinolones) in various
types of surface waters is provided by Seifrtet/al (2009).

The main contributions of these studies are: (ifemmeination of
chemotherapeutic agents concentrations in diffeeentronmental samples (raw
sewage, sludge, sewage treatment plant effluamntsce waters and soil samples)
and (ii) gaining of efficient analytical methodsattcan be applied in common life
use in various institutions. And while both aime a&ery reasonable and bring an

insight on the topic, no actual risk assessmepitasided by these studies.

2.2.1.2. Mass Flow Studies

Mass flow studies are works that try to pursuitfibes of pharmaceuticals
in the environment. These studies include explotirgfate of antibiotics during
the whole process of sewage water treatment or dis&ribution of the
chemotherapeutical agents to aquatic or terregnaironments. The works were
carried out mostly as short-term case studies asrslon following examples of
studies dealing with quinolone antibiotics.

Lindberget al. (2006) conducted their study in a sewage treatilant in

Sweden, receiving water from an area inhabited wathpopulation of

23



approximately 80 000 people. They used liquid aokitdssamples collected on
three days on various stages of sewage treatmeotder to determinate the
degradation of different antibiotics, including mfloxacin and norfloxacin, and
to estimate the efficiency of the mechanical, cloaiand biological treatment of
waste waters.

Slightly different circumstances were investigabgdGoletet al. (2002) in
their field work in Switzerland. The scientisteftito determinate the exposure of
fluoroquinolones (10 substances) in waste and rwater of the Glatt Valley
Rivershed, located in a heavy populated area nadclZ (175 000 inhabitants,
260 knf). The experiment was performed using samples méxdain two different
seasons (one-week composite samples collectechiemand in summer).

An analogical study was conducted by Nakath al. (2005) who
researched the occurrence of a wide range of f(ponolones (9 substances) in
effluents of a sewage water treatment plant andcadj surface waters on the
USA/Canada border. Only ciprofloxacin was foundimal effluent of the sewage
water treatment plant and probably due to dilutidrthe effluent, none of the
tested antibiotics was detected in sampled natvadrs.

Cardozeet al. (2005) researched the factors affecting disappeareate of
ciprofloxacin in surface waters, using both fielddalaboratory systems. The
study focused on two main factors that influence éhmination of ciprofloxacin
from aquatic environment — photodegradation andmi®n onto particulate
organic carbon.

Mass flow studies often use the knowledge gainednalytical studies.
Their significance is in verifying the concentraiso of antibiotics in various
environments as well as — at least to some degneérying to assess the risks of
antibiotics use. However, in most cases, the riskessment is reduced to
comparing obtained data with literal sources andeoatoxicological tests were

actually performed.

2.2.1.3. Ecotoxicological Studies

As to the accuracy of environmental risk assessntieese are the studies
that bring the most valuable data. The goal ofeéhesrks is to elaborate the
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reliable ecotoxicological profile of respective pmaceuticals using battery of
toxicity tests. In order to properly assess thecitxof a substance, organisms of
all three trophic levels (i.e. producer, consunret decomposer) need to be tested
— it is widely accepted that any effect on anyhaf trophic levels may have heavy
impact on the other trophic levels and disturbvitvele ecosystem.

Aside from tests providing data concerning acuxictty, there is also the
need for performing tests enlightening both suleolr and chronic toxicity of
chemical substances. Because of these facts, éoatuycal studies are largely
time-consuming and financially demanding.

However, not every single ecotoxicological studgslan fact, cover all of
the mentioned trophic levels. For example, Blial. (2009) focused on the effect
of two chemically highly unrelated compounds (orighem being norfloxacin)
on a freshwater algal speci€senedesmus obliguusan autotrophic organism
representing the producers. The reduction of tesigghnisms to one single
species allowed a more in-depth research of thedtspof ciprofloxacin on the
metabolism and growth of this specific microalgat only the estimation of
ECso.

Similarly, Charoy (1995) aimed in the researchdrploring the changes
in swimming pattern oBrachionus calycifloruga freshwater rotifer) under toxic
stress induced by four different toxicants rathieant just determining basic
toxicological parameters.

A study focused on effects of 25 pharmaceuticalsstmmmmonly
occurring in aquatic environment on an aquatic éigilant speciesemna gibba
was carried out by Braiet al. (2004). Among the five quinolone antibiotics telste
(ciprofloxacin, norfloxacin, ofloxacin, levofloxati and lomefloxacin),
lomefloxacin showed the highest phytotoxicity. Qalgr their toxicity
demonstrated as bleaching of new fronds (due toadanof chloroplasts) and
growth inhibition resulting in development of smalew fronds and distinct
anatomical changes.

Ecotoxicological aspects of two quinolones and rthmHiotodegradation
intermediates were marginally studied by Sirterial. (2009a) in the form of
measurement of the inhibition of bioluminescenceittech by the bacterium
Vibrio fischeri

25



A wide range of biological tests was performed kalliig-Sgrenseet al.
(2000) for ciprofloxacin and two other antibiotida. this work, activated sludge
bacteria, a green alga, a cyanobacterium, zooman&hd a fish species were
used.

2.2.2. Quinolones in the Environment

According to available literal sources, quinolormee often found
in the environment. And while sources of these dabtberapeutical agents are
mostly known, it is the fate of the compounds tkatot explored enough.

2.2.2.1. Occurrence of Quinolones in the Environmen  t

Kimmerer (2009), in the first part of his two-padmprehensive review
on antibiotics in aquatic environment, discussesd ahenatural occurrence of
antibacterial agents in soils and surface waterdileVsome groups of
chemotherapeutics can be found in trace concemtsataturally (e.gp-lactams
or streptomycins produced by soil bacteria), qunek are, however, purely
synthetic products and their presence in ecosystsnihe result of human
activity.

In concordance of the frequency of their therapeusie, mostly second-
generation quinolones are present in the envirohnerthe following text, an
overview of both occurrence and reported concaatratof quinolone antibiotics
is provided.

In raw sewage, the concentrations of quinolones were shown taom
concentrations of the order of hundreds flg (from 200 to 300 ngt in
Lindberget al, 2006; from 270 to 600 ng'Lin Goletet al, 2003; from 300 to
600 ng L* in Goletet al, 2002 and from 350 to 600 ng'lin Penget al, 2006),
while in final effluent the concentrations of these antibiotics were figantly
lower — reduced down to one fifth or less of thégioal content (i.e. 40 to
70 ng ! in Lindberget al, 2006), or to undetectable concentration (oflomaci

content in Pengt al, 2006).
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For several Canadian sewage treatment plants, &iab(2004) analyzed
only final effluent samples, however, their findingon three quinolones
concentration (ciprofloxacin, norfloxacin and oftmtn) are very similar — from
50 to 120 ng [* with the highest content observed for ciprofloxaci

Ciprofloxacin concentration was studied also bythannet al. (1999) in
composite waste water samples collected from diffewaste water streams of
German hospitals and it ranged from 0.7 to 125™hg L

Zorita et al. (2009) focused on determination of various phasutcals
(including ciprofloxacin, ofloxacin and norfloxagim different sewage waters in
Sweden. Their results show that quinolone antitsottan be detected also in
household sewage in concentrations varying fromdl&* (ofloxacin) to nearly
4000 ng * (ciprofloxacin). Concentrations of quinolone arutfes in hospital
sewage were as expected higher than those in hadssdwage.

Information on concentration of quinolonessnlid samples, except for
sludge samples of sewage treatment plants, is catece (noted also by
Hernandoet al, 2006). Concentration of quinolones in the sludgeples are
generally in order of low mg Kgdry substance (e.g. Lindbegg al, 2007) and
because of these high contents, the sludge sheuigated accordingly.

As for other solid samples tested on quinolone béstics content,
Lalumeraet al. (2004) determined content of flumequin in sedimsarnples of
several ltalian fish farms to be fairly low, mostyound the detection limits

(0.1pg kg* DW) with an extreme exception of nearly Gapkg* DW.

2.2.2.2. Factors Influencing the Elimination of Qui  nolones from
Environment

Lindberget al. (2006) suggest that quinolones undergo to a gnei@nt
the process oforption onto sludge, as the reduction from agueous phase w
approximately 80% for both ciprofloxacin and noxf@in. On the other hand,
Halling-Sgrenseet al. (2000) found no significant amount of ciprofloxa¢o be
sorbed onto sludge. The distribution between watet particulate matter may
depend on water temperature as suggested by Ligpditeral. (2006) who
compared relative sorption of quinolones onto studgd temperature of water

samples with data from a work of Golet al. (2003). Cardozat al. (2005)
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observed that the sorption of ciprofloxacin ontatipalate matter is higher in
acidic environment and a similar observation wasady Nowarat al. (1997).

Sorption on particulate matter seems to be ondeffactors influencing
the fate of quinolones in environment. Cardetal. (2005) conducted both field
and laboratory experiments on ciprofloxacin andchasted that the proportion of
particulate organic carbon affects the amount pfatioxacin in the environment:
the not-sorbed fraction of the drug can undergotqgdegradation (discussed in
Chapter 2.1.1.2.), while the fate of ciprofloxagonrbed onto solid particles
remains fairly undisclosed. That sorption onto ipatate material affects the
proportion of ciprofloxacin, which can be involved photodegradation, was
confirmed by Beldemt al. (2006): the photodegradation rate of ciprofloxawas
2.3-fold slower in the presence of particulate arganaterial when compared to
agueous solution with no particulate matter.

During the mechanical and chemical treatment afigjones in the sewage
treatment plant, thefficiency of removal of quinolones (namely ciprofloxacin
and norfloxacin) was around 55% and during thedgicll treatment only about
35% (Lindberget al, 2006). Also Halling-Sgrensegt al. (2000) revealed that
ciprofloxacin and structurally similar substances t a great degree resistant
against biodegradation in sludge.

As biodegradation appears not to be the most efteecbute of quinolones
elimination, photodegradation became the central spot of scientific interest.
Sirtori et al. (2009a) focused on the disappearance of flumegpuihnalidixic acid
of water solutions after two different solar phdtemical treatments (the active
compounds being TiDand F&" in combination with HO,, respectively). The
Photo-Fenton treatment #,0,) was confirmed as being the more effective —
within 20 minutes of illumination, both pharmaceats with initial concentration
20 mg L* were totally eliminated. When using heterogenquhustocatalyst with
TiO,, the degradation of nalidixic acid was slower aontisufficient enough.

The process of photodegradation has a positive cteffen the
mineralization of quinolones. Under solar photochemical treatmethie
proportion of mineralized pharmaceuticals was ab®d¥, while quinolones
undergoing the standard sewage water treatment mareralized to a much

lesser extent (Sirtost al, 2009a).
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Based on these findings, Sirtetial. (2009b) suggested the treatment with
Photo-Fenton as the final steptireatment of sewage waters. The addition of
this procedure provides great time savings as agllery efficient degradation of
pharmaceuticals even highly recalcitrant to bioddgtion solely (such as
nalidixic acid). Bertcet al (2009) also tested the Photo-Fenton as a possiyte
in sewage water treatment and their results continm effectiveness of this
degradation process — within 30 minutes, mean atemixygen demand (COD)
was reduced by over 40% and biological oxygen dehB®D) by 50%.

Further, Sirtoriet al. (2009a) revealed a significantly lower toxicity of
photodegradation intermediates of two fluoroquinel® to the bacterial species
Vibrio fischeri. This observation implies that photodegradation rmwtly
eliminates quinolones from environment, but alsorelases the toxicity of these

chemotherapeutical agents early in the process.

2.3. Tests and Experimental Organisms Used in the
Ecotoxicological Screening of Chemical Substances

2.3.1. Ecotoxicological Tests

As mentioned in Chapter 2.2.1.3., biological tagted in environmental
risk assessment are designed to be either shorj-t@vestigating acute toxicity of
tested substance, or long-term, aiming for estwnatf chronic (or sub-chronic,
respectively) toxicity.

In general, the bioassays for ecotoxicological estireg should be simple,
preferably low-cost and accurate. The methods ofpeimt measurement often
involve spectral methods, e.g. colorimetry or measient of optical density. The
screening tests are optimized for each experimenganism.

When dealing with the ecotoxicological studiesued on antibiotics,
some authors suggest (e.g. Kimmerer, 2009) thag ushort-term tests is not
sufficient — as most mechanisms of resistance dpwsnt in bacteria are

functional in time span of several generations @rder of days and not hours).
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2.3.2. Experimental Organisms in Ecotoxicological Screening

The demands on experimental organisms are quite thigy (i) have to be
representative for a larger group of species, gipuld have well-known
background data (biological properties, behavistaties, ecology, metabolism
and enzymatic apparatus), (iii) their growing sldoble easy to maintain and
reproducible. Furthermore, the selected organishmld correspond with the
environmental conditions of the particular research.g. using freshwater, sea
and estuarial species in concordance with testegplss.

Not all plant and animal species meet these dem&fwlsever, the range
of species used for experimental means is stillyfavide as new information is
daily gained. In the following chapters, the mosimenon species used for
ecotoxicological screening purposes are listed. dddition, some basic
characterization of the species and the most corymevaluated biomarkers are
provided.

2.3.2.1. Prokaryotic Organisms

Prokaryotic organisms represent a heterogeneausgmal group with
substantially different cell structure than thodeptant or animal species. In
ecotoxicological studies, they are valued for senplaintenance, rapid growth
and short life-cycle turn.

The bacterial species probably most exposed terdiit toxicants are
those of activated sludge in sewage treatmentglant

Of other bacterial species, Gram-negative bacwitiaio fischeriand the
Gram-positive bacteri®acillus subtilisare also often used as the indicators in
ecotoxicological tests.

Botsford (2002) performed an extensive ecotoxigigia testing with the
bacteriumSinorhizobium melilotiThe research compared 23 other tests with the
method usingSinorhizobiumand concluded that bioassay with this bacterium
represents a quick, simple and inexpensive metBotsford, 2002).
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2.3.2.2. Plant Species

Plants are considered as the first trophic levéhe- primary producers,
although there are several exceptions — paraséimtgpbeing the most blatant one.
Plant material can be usually obtained at low eost it is easy to work with. The
knowledge gained from experimental work with plapecies is quite extensive,
but its extrapolation toward animals and, more gpady, humans is due to
crucial differences between plants and animals vesiricted. Loweet al. (1995)
suggested that the potency of using plant materséad of animal and/or human
is high if an acceptable plant model is used.

In the numerous ecotoxicological studies, a lamygety of plant species is
used. Very common are tests conductednon-vascular plants, esp. algae.
According to available literal sources, algal gen&hlorella, Cladophora,
Pseudokirchneriellgformerly Selenastrupnand Scenedesmuseem to be of the
great interest, but there are also other specresjuéntly used for specific
purposes. Using ecotoxicological test withlorella vulgariswas suggested as an
appropriate treatment of hazardous waste watevarwdus origin by Silvaet al.
(2009). Nune<t al. (2008) explored the possibilities of the use & tharine
microalga Tetraselmis chuiiin ecotoxicology, pronouncing it as a suitable
experimental organism for marine environment.

The use of algae in ecotoxicological testing iseassd in an in-depth
review by Amparado and Persoone (1996).

As to vascular plants, ecotoxicological tests are performed on both
terrestrial and aquatic species. The gdmermna(and particularly specidsemna
gibba duckweed) is one of the most common plants usedesting of
pharmaceuticals as well as non-pharmaceutical doxscin aquatic environment.
Terrestrial higher plants of thBrassicaceagamily (e.g. Sinapis alba Letuca
sativg Raphanus sativiislso often serve as experimental material.

Lowe et al. (1995) discussed the possibility of usplgnt tissue cultures
in ecotoxicological screening. The main advantaigiis experimental system is
the close resemblance of protoplasts (naked plalis ¢hat can be isolated

enzymatically) to cultured animal cells.
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Generally, growth inhibition is the most inspecteshdpoint in
ecotoxicological studies performed on plants. i ba expressed as mass weight,
number of cells, germination capacity or other appate surrogate. Also
photosynthesis interference of tested plant speisiegery often the focus of
ecotoxicological studies (e.g. Nt al, 2009 and Sanchez-Forténhal, 2009 for
the freshwater microalgdcenedesmusr Brain and Cedergreen, 2009 — see text
bellow).

A comprehensive review gflant biomarkers used in ecotoxicology is
given by Brain and Cedergreen (2009). This work pites information gained
from over 150 experimental studies. Biomarkers direded into 10 groups,
including genes, enzymes, photosynthetic pigmemdscilorophyll fluorescence

measurement.

2.3.2.3. Invertebrate Animal Species

For ecotoxicological screening purposes mostlyettebrate animal
species are used, mainly because of ethical ansldége issues. Rotifers and
small crustaceans are proved to be suitable expatahorganisms with favorable
features concerning their keeping (e.g. a shat difcle, high reproductive rate
and ease of culture).

As stated by Snell and Janssen (1995), the userotfers in
ecotoxicological screening increased significastlyce 1990s. In their review on
the role of rotifers in ecotoxicology, the authdiscuss the advantages of rotifers
as experimental organisms from several aspectrdeg to Snell and Janssen
(1995), especially the gentachionusis of the great interest, although others
have been tested (such Bkilodina in early 1970s omDicranophorusin late
1970s).

The crustaceans represent another group of agaaiimals used in
ecotoxicological studies. Among them, especially genusArtemia (especially
the marine speciedrtemia salind is in the central point of scientific intereshel
possibilities of this particular genus in ecotoxaggy were explored by Nunext
al. (2006).
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As for freshwater crustaceans, the cladoceranaraahDaphnia magna
is probably the most frequently used experimentglanism. The variety of
ecotoxicological assays that can be performed Wiih species is reviewed for
example by Martinset al. (2007). An experimental organism with results
comparable td. magnawas reported by Versteegt al. (1997). The authors
investigated the possibilities of the use of thewugeCeriodaphnia dubiain
ecotoxicological studies and found that data olethim studies witlC. dubiaare
equivalent to those obtained with magna(Versteeget al, 1997). The suitability
of D. magnautilization in ecotoxicology was, however, queséd by Koivisto
(1995) who concluded thdd. magnamay be less sensitive to pollutants than
other crustaceans because of its specific propgdiech as size and habitat).

For terrestrial environmental pollution studiesnalids are of the great
interest. Lowe and Butt (1997) evaluated the useeafthworms in chronic
ecotoxicological studies and suggested the udeisginia andreirather than the

previously most used specigésfetidabecause of a better genetically homogenity.

The most frequent endpoints in ecotoxicologicatstesith invertebrate
animal species are mortality, reproduction analge@ changes in behavior. Snell
and Janssen (1995) provide an overview of biomariteat can be determined in

rotifers.

2.3.2.4. Experimental Organisms Used in the Present  Research

In this thesis, only freshwater experimental orgars were used. For the
ecotoxicological screening purposes following specwere tested: the algal
species Pseudokirchneriella subcapitgtathe ciliate protozoanTetrahymena
pyriformis the rotifer Brachionus calyciflorus and the crustacean

Thamnocephalus plytyuruBor further information, see Chapter 3.2.1.
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3. Materials and Methods

3.1. Materials

3.1.1. Tested Pharmaceuticals

For all toxicity tests conducted, three quinolon#itaotics were used:
ciprofloxacin, norfloxacin and ofloxacin. All of &m were of analytic grade
quality and all three were purchased from Sigmariélid Germany. Due to their
chemical and physical properties, both solid chami@and their solutions were
stored at low temperature and wrapped with thimé&um foil in order to protect
them from any light sources. The solutions werdizeti within a week of
preparation, or new solutions were prepared.

Potassium dichromate (analytical grade quality,cpased from Fluka,
Germany) was used for reference toxicity tests amrapound with a good-

defined toxicity concentration for all tested orpans.

3.1.2. Plant and Animal Material

In order to determinate the acute toxicity of seddantibiotics on all three
basic types of organisms based on their trophiel$e(i.e. producer, consumer
and reducer), several species were used. All selestperimental organisms are
freshwater species frequently used in ecotoxicoklgiscreening of various
pharmaceuticals.

Further details regarding experimental organisntduded in this thesis

are listed in sections describing the individuaiciy tests conducted.
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3.2. Methods

3.2.1. Toxicity Tests

All of the selected toxicity tests were conductectaading to their
standard operational procedures, unless statedwotiee The TOXKITs were
purchased from MicroBio Tests Inc., Nazareth, Betwi In this thesis, following

toxicity tests were performed (listed in alphabatmrder):

3.2.1.1. ALGALTOXKIT F™

This TOXKIT represents toxicity test with the freghter algal species
Pseudokirchneriella subcapita@rmerly known asSelenastrum capricornutum
see Fig. 3.1.) — a typical producer. The used agliire was de-immobilized and
then algal inoculum was prepared according to stahdperational procedure.
Prior to testing, algal density of approximatelymillion cells mL* in the
inoculum was determined. Dilution series of bothvestigated quinolone
antibiotics and potassium dichromate dilution wemepared and then algal
suspension was added. For each of the tested diendompounds
8 concentrations of toxicant were prepared. Thé ceacentrations started at

12 mg L™* for the antibiotics and at 32 mg'lfor potassium dichromate.

10 um v B B =

Figure 3.1. The freshwater microalga Pseudokirchneriella subcapitata.
From www.lifesciences.napier.ac.uk

Algae-toxicant dilutions and control samples werdtuwred in specific

10 cm long test vials. Test vials were placed thoholding tray in a random way
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(with allowed air-exchange space) and put into aeculbator at 25C with a
constant and uniform illumination. Data were ob¢girafter 0 and 72 hours of
incubation.

The main difference from the ALGALTOXKIT F™ standaoperational
procedure was data collecting: the required sppbttmmeter equipped with a
holder for 10 cm cells was not available; therefor@nual cell-number counting
had to be accomplished. A light microscope at 48)@-imagnification and a
Birker cell with ruled square measuring were wiliz The samples were
observed in bright field and cells were countedaticg to a prior designed cell-

counting system.

3.2.1.2. Modified PROTOXKIT F™

A toxicity test designed for acute toxicity detenation using a freshwater
ciliated protozan —Tetrahymena pyriformigsee Figure 3.2.). Slightly method
modifications were implemented compared to standgrerational procedure.
Instead of 1 cm polystyrol spectrophotometric temdts polycarbonate multiwell

test plates (with 96 test wells) were used. Foraendetailed test schema see

Figure 3.3.

Figure 3.2. The freshwater ciliated protozoan Tetrahymena
pyriformis. From www.cadaster.eu.

For each of the tested chemical compounds 15 ctratiems of the
respective toxicant were prepared. The real coragmts started at 3 mgLfor
the antibiotics and at 8 mg'ifor potassium dichromate.

The whole process of test plates’ preparation farasarement was
conducted in a laminar flow box. Test plates weentplaced into an incubator at
25°C without illumination. Data were obtained after 4 and 48 hours of
incubation. The test plates were measured withue of the anthos WinRead
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software (Salzburg, Austria). Optical density ofnpdes was measured at 562 nm

directly in the test plates.
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Figure 3.3. The multiwell test plate used in the modified acute toxicity test with T. pyriformis.
Row B - peptone (200 pL), row C - peptone (150 pL) + tested chemical compound
solution (50 uL), row D — peptone (150 uL) + Tetrahymena culture (50 uL), rows E - G - (three
duplications) peptone (100 pL)+ tested chemical compound solution (50 pL) + Tetrahymena
culture (50 pL). Columns 2 - 11 were used for different concentrations of tested chemical
compounds. The model of test plate was constructed by Ing. Jan Dubanek.

3.2.1.3. ROTOXKIT F™ ACUTE

It is an acute toxicity test with a freshwater feati — Brachionus
calyciflorus (Figure 3.4.). Following standard operational prhoe, one day
prior to the start of the toxicity test rotifer ¢gsvere hatched in order to obtain

test organisms of proper age (i.e. 0 to 2 hourk old

Figure 3.4. The freshwater rotifer Brachionus calyciflorus. From
Turchin (2003).
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The toxicity test was carried out using polycarkenaultiwell test plates
(with 43 wells). Under a dissection microscope @fdld magnification, rotifers
were transferred first into the rinsing trough ahdn into the test wells. For a
more detailed test schema see Figure 3.5.
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Figure 3.5. The multiwell test plate used in the acute toxicity test with B. calyciflorus. Rows
A and B, C and D, and E and F, respectively - replications of the determination, each containing
300 pL of particular chemical compound solution and 5 experimental organisms. Columns 1 - 6
were used for different concentrations of tested chemical compounds. Unnumbered horizontal
wells served as rinsing trough. The long transversal well was intended as hatching well. The
model of test plate was constructed by Ing. Jan Dubanek.

For each of the tested chemical compounds 15 ctrnatems of the
respective toxicant were prepared. The concentsttarted at 12 mg“Lfor the
antibiotics and at 32 mg Lfor potassium dichromate.

Test plates were put in an incubator at’@5without illumination. Data
(mortality of the rotifers) were collected after Bdurs of incubation.

3.2.1.4. THAMNOTOXKIT F™

This test is intended as an acute toxicity deteimgitest with a freshwater
crustacean Fhamnocephalus platyurisigure 3.6.).

As stated in the standard operational procedutehimg of the cysts was
performed 24 hours prior to the toxicity test. Ralgpbonate multiwell test plates
(with 24 test wells) were used for the toxicitytte&fter transferring from the

hatching Petri dish into rinsing trough, the crustins were placed into the test
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wells with effluent in the particular dilution. Farmore detailed test schema see

Figure 3.7.

Figure 3.6. The freshwater crustacean Thamnocephalus
platyurus. From www.r-biopharm.com.
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Figure 3.7. The multiwell test plate used in the acute toxicity test with T. platyurus. Rows
A and B, and C and D, respectively - duplications of the determination, each containing 300 pL
of particular chemical compound solution and 10 experimental organisms. Columns 2 - 6 were
used for different concentrations of tested chemical compounds. Wells of the column 1 served
as rinsing trough. The model of test plate was constructed by Ing. Jan Dubanek.

For each of the tested chemical compounds 9 coratems of the
respective toxicant were prepared. The concentsititarted at 0.3 mgiLfor the
antibiotics and at 32 mgLfor potassium dichromate.

Test plates were put into an incubator af@5without illumination. Data

(mortality of the crustaceans) were collected &tehours of incubation.
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3.2.2. Data Treatment

All data were obtained in accordance either with shkandard operational
procedures of each toxicity test performed, or ampliance with respective
method modifications. The time schedule of dataniggi was also following
either the instructions or the altered test prooedu

The statistical processing of gained data (nontirregression) and the
calculation of the commonly used ecotoxicologicaigmeters for all toxicity tests
conducted was performed by Mgr. Jitka Vyilava with the use of the statistical
software GraphPad Prism (La Jolla, California, USA)
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4. Results

4.1. Acute Toxicity of Tested Quinolone Antibiotics on
Pseudokirchneriella subcapitata

Of all three fluoroquinolone antibiotics tested,profloxacin and
norfloxacin exhibited very similar acute toxicityn d°. subcapitata(ICso after
72 hours slightly below 8 mg1), while ofloxacin was a little less toxic with the
ICso after 72 hours slightly above 9 mg L(see Table 4.1.). The influence of
ofloxacin on the growth rate rapidly decreased vitbreasing dilution of the
tested antimicrobial agents (see Table 4.2. andr€igd.1.).

Overall, the acute toxicity of the antibiotics w28-fold lower than the
acute toxicity of the standard toxicant — potassdichromate (IGo after 72 hours
0.40 mg LY.

Table 4.1. Pseudokirchneriella subcapitata acute toxicity test: ICsp values (mg L) with
confidence limits for each fluoroquinolone antibiotic.

" ICso,72n

Ciprofloxacin 7.72 (7.17 - 8.317)
Norfloxacin 7.99 (7.57 - 8.43)
Ofloxacin 9.27 (8.81 - 9.77)

Table 4.2. Pseudokirchneriella subcapitata acute toxicity test: the used weight/volume and molar
concentrations of fluoroquinolone antibiotics tested. w/v- weight/volume concentration of
antibiotics (mg L), all other concentrations are molar (pmol L!). CIP- ciprofloxacin, NOR-
norfloxacin, OFL- ofloxacin.

cl c2 c3 c4 c5 c6 c7 c8

w/v 12.00 6.00 3.00 1.50 0.75 0.38 0.19 0.09
CIP 36.22 18.11 9.05 4.53 2.26 1.13 0.57 0.28
NOR 27.12  13.56 6.78 3.39 1.70 0.85 0.42 0.21
OFL 33.21 16.60 8.30 4.15 2.08 1.04 0.52 0.26
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Figure 4.1. Pseudokirchneriella subcapitata acute toxicity test: the impact of antibiotics on the
growth inhibition after 72 hours of treatment. The antibiotic concentrations decrease from c1 to
c8. For the exact weight/volume and molar concentrations of the tested antibiotics see
Table 4.2. CIP- ciprofloxacin, NOR- norfloxacin, OFL- ofloxacin.

4.2. Acute Toxicity of Tested Quinolone Antibiotics on
Tetrahymnena pyriformis

After 24 hours of treatment, the most toxic antirmbial agent onT.
pyriformis was ciprofloxacin (16 5.82 10° mg L"), although both remaining
fluoroquinolones exhibited high acute toxicity & texperimental organism @&
slightly above 2 mg E for norfloxacin and slightly above 1 mg'lfor ofloxacin;
see Table 4.3. and Figure 4.2.A). Thesl&n value of the standard toxicant,
potassium dichromate was 20.82 my(L7.27 — 25.11 mg'D).

After 48 hours of treatment, the toxicity of tebstentibiotics surprisingly
changed, with norfloxacin as the most active innghoinhibition of T. pyriformis
The 1Go values of all three fluoroquinolones decreasedeast one order of
magnitude (to 1 mg L™ for ciprofloxacin and ofloxacin, and to ¥@ng L* for
norfloxacin, respectively; see Table 4.3. and Fegu.B).

This particular trend (i.e. the increase of growtibition after prolonged
exposition to antibiotics and the highest toxi@tyitch between ciprofloxacin and
norfloxacin) is noticeable throughout the whole @amtration range of tested
antibiotics (see Figure 4.2., Figure 4.3. and Tdbde).
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Table 4.3. Tetrahymena pyriformis acute toxicity test: ICsy values after 24 and 48 hours of

treatment (mg L) with confidence limits for each fluoroquinolone antibiotic.

" 1Cs0,04n ICsp,48h

Ciprofloxacin | 5.82 103 (4.94 10° - 6.85 103) 1.1510*(7.22 10° - 1.85 10™)
Norfloxacin 2.19 (1.82 - 2.64) 3.80 10 (1.61 10 - 8.99 10°®)
Ofloxacin 1.08 (0.58 - 2.03) 2.3510% (1,91 10 - 2.89 10
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Figure 4.2. Tetrahymena pyriformis acute toxicity test: the impact of antibiotics on the growth
inhibition after A) 24 and B) 48 hours of treatment. The antibiotic concentrations decrease
from c1 to c15. For the exact weight/volume and molar concentrations of the tested antibiotics

see Table 4.4. CIP- ciprofloxacin, NOR- norfloxacin, OFL- ofloxacin.
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Table 4.4. Tetrahymena pyriformis acute toxicity test: the used weight/volume and molar
concentrations of fluoroquinolone antibiotics tested. w/v- weight/volume concentration of
antibiotics (mg L), all other concentrations are molar (nmol L'!). CIP- ciprofloxacin, NOR-
norfloxacin, OFL- ofloxacin.

cl c2 c3 c4 c5 c6 c/ c8
w/v 3.0000 1.5000 0.7500 0.3750 0.1875 0.0938 0.0469 0.0234
CIP 9054 4527 2264 1132 566 283 141 71
NOR 6780 3390 1695 848 424 212 106 53
OFL 8302 4151 2075 1038 519 259 130 65
c9 cl0 cl1 cl2 cl3 cl4 cl5
w/v 0.0117 0.0059 0.0029 0.0015 0.0007 0.0004 0.0002
CIP 35.37 17.68 8.84 4.42 2.21 1.11 0.55
NOR 26.49 13.24 6.62 3.31 1.66 0.83 0.41
OFL 32.43 16.21 8.11 4.05 2.03 1.01 0.51
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Figure 4.3. Tetrahymena pyriformis acute toxicity test: the impact of selected antibiotic
concentrations on the growth inhibition. Concentrations: A) c1 B) c5 C) c10 D) c15. For the
exact weight/volume and molar concentrations of the tested antibiotics see Table 4.4. CIP-
ciprofloxacin, NOR- norfloxacin, OFL- ofloxacin.
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4.3. Acute Toxicity of Tested Quinolone Antibiotics on
Brachionus calyciflorus

The acute toxicity of the tested antibioticsBncalyciflorusafter 24 hours
treatment varied considerably: the highest acuteity was found for ofloxacin
(LCso was 6.05 18 mg L), while norfloxacin was significantly less toxitGso
was slightly above 144 mg!) and the LG value for ciprofloxacin was
somewhere in between (k£0.057 mg [} see Table 4.5.). In other words,
norfloxacin slightly affected the mortality of thexperimental organisms only
when applied in the three highest concentratiof@oftoxacin influenced the
mortality in two thirds of the concentration ran@e. c1 — c9), and ofloxacin
impacted mortality of the crustaceans in the whested concentration range (see
Figure 4.4. and Table 4.6.).

The LDso value of the standard toxicant, potassium dichtemafter 24
hours of treatment was 13.70 mg (9.60 — 17.80 mg ).

Table 4.5. Brachionus calyciflorus acute toxicity test: LCso values after 24 hours of treatment
(mg L) with confidence limits for each fluoroquinolone antibiotic.

" LCso,24h

Ciprofloxacin | 5.74 102 (4.79 102 - 6.87 107%)
Norfloxacin 144.2 (78.04 - 266.6)
Ofloxacin 6.05 10 (5.72 10* - 6.40 10™)

Table 4.6. Brachionus calyciflorus acute toxicity test: the used weight/volume and molar
concentrations of fluoroquinolone antibiotics tested. w/v- weight/volume concentration of
antibiotics (mg L), all other concentrations are molar (nmol L'!). CIP- ciprofloxacin, NOR-
norfloxacin, OFL- ofloxacin.

cl c2 c3 c4 c5 c6 c7 c8

w/v 12.000 6.000 3.000 1.500 0.750 0.375 0.188 0.094
CIP 36217 18108 9054 4527 2264 1132 566 283
NOR 27122 13561 6780 3390 1695 848 424 212
OFL 33207 16603 8302 4151 2075 1038 519 259

c9 cl0 cll cl2 cl3 cl4 cl5

w/v 0.0469 0.0234 0.0117 0.0059 0.0029 0.0015 0.0007
CIP 141.47 70.74 35.37 17.68 8.84 4.42 2.21
NOR 105.94 52.97 26.49 13.24 6.62 3.31 1.66
OFL 129.71 64.86 32.43 16.21 8.11 4.05 2.03
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Figure 4.4. Brachionus calyciflorus acute toxicity test: the impact of antibiotics on the mortality
of experimental organisms after 24 hours of treatment. The antibiotic concentrations decrease
from c1 to c15. For the exact weight/volume and molar concentrations of the tested antibiotics
see Table 4.6. CIP- ciprofloxacin, NOR- norfloxacin, OFL- ofloxacin.

4.4. Acute Toxicity of Tested Quinolone Antibiotics on
Thamnocephalus platyurus

In the concentration range of antibiotics used tfar toxicity tests (see
Table 4.7.), none of the three tested fluoroquinetoexhibited acute toxicity on
T. platyurus The mortality of experimental organisms was 10ftless (see
Figure 4.5.), which is not sufficient to provideliable results for statistical

analysis and calculation of appropriate ecotoxigmal parameters.

Table 4.7. Thamnocephalus platyurus acute toxicity test: the used weight/volume and molar
concentrations of fluoroquinolone antibiotics tested. w/v- weight/volume concentration of
antibiotics (ug L), all other concentrations are molar (nmol L''). CIP- ciprofloxacin, NOR-
norfloxacin, OFL- ofloxacin.

cl c2 c3 c4 c5 c6 c/ c8 c9
w/v |[300.00 150.00 75.00 37.50 18.75 9.38 4.69 2.34 1.17

CIP |905.41 452.71 22.35 113.18 56.59 28.29 14.15 7.07 3.54
NOR | 678.04 339.02 169.51 84.76 42.38 21.19 10.59 5.30 2.65
OFL | 830.17 415.09 207.54 103.77 51.89 25.94 12.97 6.49 3.24
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Figure 4.5. Thamnocephalus platyurus acute toxicity test: the impact of antibiotics on the
mortality of experimental organisms after 24 hours of treatment. The antibiotic concentrations
decrease from c1 to c9. For the exact weight/volume and molar concentrations of the tested
antibiotics see Table 4.7. CIP- ciprofloxacin, NOR- norfloxacin, OFL- ofloxacin.
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5. Discussion

5.1. Discussion of Methods Used

During the presented research have arisen segstas with the optimal
methods. Some of them are of great influence omelability and consistence of
obtained results, and therefore there is large espac discussion on a deeper

level.

5.1.1. Changes in Standard Operational Procedure of
ALGALTOXKIT™

Data collected in this test was performed with thee of a light
microscope and Birker cell for manual cell countirffpr details see
Chapter 3.2.1.1.). This change of standard operatiprocedure was necessary
due to the unavailability of the required equipm@nspectophotometer for 10 cm
cells) and caused several inconveniences.

First of all, the time frame of the test was heawlltered: while a
spectrophotometric sample measurement takes alouhinutes, the manual cell
counting is more time-consuming (approximately liButes for a single sample).
For 10 samples, the difference is over two houtsfan all 56 samples, the time
schedule is shifted considerably (well over eighins).

Secondly, the abovementioned altered schedule clead with high
probability to unreliable results. To minimize thisreat, control samples were
measured in regular intervals and the cell numlmdrsamples treated with
toxicants were corrected accordingly.

However, the control samples were measured in two-imtervals; that
means that there is still possibility for the résub be underestimated and thus,
the toxicity of the tested antibiotics may appegyhbr (i.e. the calculated ¢
values will be lower). The best option how to ecati this particular error is to

perform the test with the spectrophotometric mezrsent.
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5.1.2. Quinolone Antibiotics Concentrations in the Modified
PROTOXKIT™

In the modified protozoan toxicity test the corication of quinolones
starts at 3mgt This inconvenience creating a slight discrepaimtythe
presented results was caused by an unpredictabhavioe of the used
experimental organisnietrahymena pyriformis

As of November 2009, there was an inadequate graegponse ofT.
pyriformis in all conducted toxicity tests. Various modificais of the
experimental conditions were unsuccessful and rdiffebatches of experimental
organisms also failed to provide accurate results.

Therefore, a new experimental organisi, thermophila is currently
being tested, and the optimal experimental conastiare being adjusted. Thus,
results published in this work represent the eadypducted toxicological tests

from before November 2009.

5.2. The Impact of Quinolone Antibiotics on Selecte d
Experimental Organisms

In this chapter, the influence of the three quinel antibiotics on the
tested organisms will be discussed. | tried toudel only studies focused on
quinolones and their effects on the same experahenganisms that were used in
presented research, but due to lack of publicatialigling these criteria, there
are some works with different antibacterial agemd/ar experimental organism
included. The lack of ecotoxicological studies aming (not exclusively)
guinolones was marked for example by Christeregext (2009).

5.2.1. The Effect of Quinolone Antibiotics on Freshwater Green
Algae with the Emphasis on Pseudokirchneriella supcapitata

Based of the collected data (see Chapter 4.1.), dlyal species
Pseudokirchneriella subcapitateems to have similar tolerance to all three deste

quinolones. The growth rate of the algae was itddbionly by antibiotic
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concentrations around 8 mg'L(ciprofloxacin, norfloxacin) and over 9 mg'L
(ofloxacin; details in Chapter 4.1.).

That norfloxacin is influencing the growth rate amdhotosynthetic
parameters in green algae prevalently in higheceomations, has been observed
also by Eguchet al (2004). The authors found that norfloxacin corniions
under 4mg [t did not affect algal cultures of two freshwatergas,

P. subcapitata and Chlorella vulgaris Only concentrations of norfloxacin
exceeding 10 mgt (for Pseudokirchneriellp and 14 mg > (for Chlorella),
respectively lead to a significant growth and pblgtihetic rate decrease (Eguchi
et al, 2004).

Even higher tolerance of green algd® 6ubcapitataand Scenedesmus
obliquug to quinolone antibiotic was reported by Robinsbral. (2005) and Nie
et al. (2009). Robinsort al. (2005) provided research focused on the toxicity o
seven fluoroquinolone antibiotics (including cidmdacin and ofloxacin) on
selected aquatic organisms. The authors reportatl tthP. subcapitata both
ciprofloxacin (EGo 24n18.7 mg ') and ofloxacin (E€24n12.1 mg [*) were the
least toxic of all fluoroquinolones investigatedofsonet al, 2005). Similar
results were reported by Net al. (2009) who studied the influence of norfloxacin
(in concentrations ranging from 3.75 to 60 m}) lon S. obliquus A decrease in
growth rate and the content of chlorophglivere observed only when the algal
culture was exposed to norfloxacin concentratioreerling 15 mg t (Nie et al,
2009).

The finding, that ciprofloxacin seems to have samitoxicity levels as
norfloxacin on green algae is supported by &tial. (2008) who observed growth
rate inhibition of the green alda. vulgarisonly at ciprofloxacin concentrations
higher than 12 mgt

The documented concentrations of quinolones in dheironment are
several orders of magnitude lower than the conagatrs shown to cause growth
inhibition — they vary in the rank of tens to hueds of ng [* (see Chapter
2.2.2.1.) — which suggests that even the raw sewatlethe highest amount of
guinolones present should not affect the algal fajmn in surface waters.

Furthermore, some of the algal genera (includisgudokirchnerielland
Scenedesmysseem to have the ability of (at least partialgyolving into

antibiotic-resistant species as shown by SancheZuiret al. (2009). The authors
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tested the impact of one of the most used antibegents utilized in aquaculture
(namely chloramphenicol) on the growth rate andtgéyothetic performance in
Scenedesmus intermediusfter 72 hours of exposure chloramphenicol caused
growth inhibition and decrease of photosynthesisydver, in the time span of 60
days the algal culture restored both the growth@matosynthetic rate because of
spontaneous mutation resulting in the evolutiostdbramphenicol-resistant cells
(Sanchez-Fortuet al, 2009).

Similarly, Nie et al. (2009) also observed cell adaptability&fobliquus
culture to norfloxacin exposure in a longer timewspn both growth rate and
chlorophylla content. And Eguckhet al. (2004) reported that norfloxacin strongly
inhibited the growth rate d?. subcapicataarly in the study (the first day), while
later (the third day), the growth rate of the nax#cin-treated culture even
exceeded the growth rate of control population. &Nari other antimicrobial
agents tested in their research (erythromycin, airgtycline, several
sulfonamides, and selectBdactam antimicrobials) had shown similar propertie
(Eguchiet al, 2004).

To extrapolate the results of three studies (orie wichemically different
compound, even) on the presented research wouldaperopriate. On the other
hand, at least it has been suggested that the gdgaraPseudokirchnerielland
Scenedesmusight potentially gain adaptive mechanisms tolaotic agents and
therefore would probably not be endangered by lawnalone concentrations
present in the environment.

However, this may not be true for all algal spe@essent in freshwater
ecosystems (esp. the blue green algae; e.g. Rolehsd, 2005). Sandersaat al.
(2004) provided a large research focused on the@maental risk assessment of
several pharmacological groups of active substatcesurface waters. In this
study, the authors found that while antibacterigerds do not have a high
potential to accumulate in biologic materials, thegresent a significant threat to
algal populations. There seems to be, however, anisestricted number of
antibacterial agents with a high-level hazard gt about 10% of the whole
amount of the therapeutically used antibacteriivacompounds (Sanderseh
al., 2004).
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5.2.2. The Effects of Quinolone Antibiotics on the Ciliated
Protozoan Tetrahymena pyriformis

The genusTetrahymena particularly speciedl. pyriformis as well as
T. thermophilahave been proved to be useful in ecotoxicologitadliies (a large
review of the use and the studies conductedrl opyriformiswas provided by
Suavaneta.l, 1999).

According to available literary sources (Web of Mbedge) up to April
2010 there are, however, no published works dealtrigast marginally with the
toxicity of quinolone antibiotics on this particulgenus. Although Suavaet al.
(1999) in their review remarked that “Many substemdiave been tested with
Tetrahymena pyriformisMost of them are antibiotics...” the authors listed
exactly three works focusing on the antibiotic @gerkKrawczynska (1990)
studying the effect of polymyxin B and two aminagbgidic antibiotics on the
phagocytic activity of T. pyriformis Nilsson (1989) dealing partially with
chloramphenicol and Wwet al. (1996) characterizing membrane action of
chloramphenicol with the use @t pyriformis motility inhibition. As antibiotics
represent a large, non-homogenous group with comgmwf substantially
different chemical structure and mechanism of actid is probably not
appropriate to equate the effect of the mentioneiibiatics to the impact of
guinolones on th&etrahymenayenus.

Further pursuit provided that such research wahemione with another
frequently used protozoan genu®aramecium Most of the available studies
focused on the effects of various heavy metals hearbicides on the both
abovementioned protozoan genera (e.g. Miyoshial, 2003 focused on
P. caudatunandP. trichium Sauvanet al, 1999 dealing witd". pyriformig.

For these reasons, there is actually not a singh Wweould discuss results
obtained in the presented research. The actualtsesuggest that. pyriformis
reacts diversely when exposed to different fluomglones (ciprofloxacin being
the most toxic) and that the length of treatmeny marease the sensitivity of the
test organism to investigated antibiotics (consiiBr increased toxicity of
norfloxacin after 48 hours of treatment; see Chapi2.). The 1Go 4sn values for
all investigated quinolones are furthermore in tlege of the reported

fluoroquinolone antibiotics concentrations in thenvieonment (see
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Chapter 2.2.2.1.), and thus they may have negatfleence on the naturally

occurring populations of variodgetrahymenapecies.

5.2.3. The Effects of Quinolone Antibiotics on the Freshwater
Rotifer Brachionus calyciflorus

In ecotoxicological screenings, the speciBsachionus plicatilis is
probably more used experimental organism tBaachionus calycifloruswhich
caused some problems, especially regarding thdahildy of published works
focused onB. calyciflorus As B. plicatilis is a brakish-water inhabitant, while
B. calyciflorus represents a freshwater species, their naturatystems are
substantially different. Furthermore, there are kgahat show a great variability
in response of two differe®rachionusspecies (or even different strains of one
species) to exposure of antimicrobial agents (Araand McNair, 2007 and
references therein).

Overall, there are not many studies focused on cityxitests on
B. calyciflorususing quinolone antibiotics as toxicants (in facg only published
research | managed to obtain was that of Isietoal, 2005; see text bellow).

The present results show that the acute toxicityh@fquinolone antibiotics
on the experimental organism is considerably dfférfor each of the three
fluoroquinolones (the L& values vary in the range of several orders of
magnitude — from IHto 1 mg L'; see Chapter 4.3.) with ofloxacin being the
most toxic, which is in contradiction with publighetudies. For example, the
mentioned work of Isidoriet al, (2005) reported L&g.4n for ofloxacin for
B. calyciflorus slightly bellow 30 mg [}, although the chronic toxicity of
ofloxacin was higher (the value of k€gnwas 0.53 mg L).

The present results suggest that ofloxacin may bawegative impact on
the naturally occurring populations Bf calyciflorusas the LGy value for this
fluoroquinolone antibiotic is in the range of quimie concentrations reported in
the environment (see Chapter 2.2.2.1.).

Apart from the work of Isidoriet al. (2005), there were, however, no

studies | could discuss the obtained results vastthe only other research dealing
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with the effect of the quinolone antibiotic ofloxadocused on chronic toxicity

rather than acute toxicity of ofloxacin & calyciflorus(Ferrariet al, 2003).

5.2.4. The Effects of Quinolone Antibiotics on Freshwater
Crustaceans Thamnocephalus platyurus and Daphnia magna

According to available literal sources (Web of Kiheslge) as of April
2010, there are only two published works dealinthwhe effects of antimicrobial
agents on the freshwater anostracan crustateamnocephalus platyur(ksidori
et al, 2005, and Kimet al, 2009; see text bellow). There are, however, more
studies acknowledging. platyurusas a valuable experimental organism in the
field of ecotoxicology and proving that results aibed in toxicity tests with this
particular crustacean species are reliable and dstnaive in evaluating the
toxicity of tested chemicals (e.g. Centezial, 1995; Manusadzianas al, 2003;
Torokne, 2004).

T. platyuruswas used as an experimental organism in a resbgrkim et
al. (2009) focused on a large number of chemicallyelated pharmaceuticals
(e.g. several NSAIDsp-blockers, antihistaminic and antipsychotic drugad
among all, selected antimicrobial agents: macrofidébiotics — clarithromycin
and erythromycin, and quinolone antibiotic levofioin). While clarithromycin
was found to be toxic at least in high concentrati¢the 24-hour medial lethal
concentration was slightly above 90 mig)Lboth erythromycin and levofloxacin
did not exhibit any acute toxicity towafd platyurus(Kim et al, 2009).

In the present research, the whole range of atithtoncentrations tested
caused less than 10% mortality of experimental msyas (see Chapter 4.4.),
suggesting thatT. platyurus is not sensitive to the low concentrations of
fluoroquinolones reported in the environment (séager 2.2.2.1.) This finding
is in accordance with the research of Isiaddral (2005) who tested acute toxicity
of six antibiotic agents (including ofloxacin) dn platyurus The authors reported
that the LGp 24n concentration of ofloxacin of. platyuruswas slightly above
30 mg L* (Isidori et al, 2005), which is a concentration 100-fold highwart the

highest ofloxacin concentration used in the presesgarch (see Chapter 3.2.1.4.)
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and several orders of magnitude higher than theegalbf concentrations of

guinolones reported in the environment (see Chapgep.1.).

Persooneet al. (1994) compared the sensitivity ®f platyuruswith the
more used cladoceran crustacean spdosgshnia magnaon different types of
environmental samples (e.g. effluents, river sedisieand sludge) and pure
chemicals. A similar research was performed terrsy&er by Torokne (2004)
who compared the sensitivity &t platyuruswith D. magnaon selected samples
contaminated with different chemicals (e.g. ing@d& phosdrin, acaricide
chlordimeform, and heavy metals). The authors aated that both experimental
organisms show similar sensitivity to exposed tamis (Persoonet al, 1994 and
Torokne, 2004) and thus, it can be assumed thatehsitivity of the two species
will be similar when exposed to antimicrobial agent

Park and Choi (2008) included a quinolone antibjo&nrofloxacin, in
their study on the effects of commonly used antibsoon aquatic systems. The
authors showednrofloxacin to be toxic t®. magnain concentrations exceeding
130 mg L in the first 24 hours, however, the toxicity of efoxacin increased
significantly in the next 24 hours (E§for 48 hours was 56.7 mg*)

Similar results were provided by Kimt al. (2010), who in addition
studied also the influence of pH values of the damis solutions, water
temperature and UV B irradiance on the toxicityesited antibiotics. The authors
found that enrofloxacin had higher toxicity[o magnaat lower water pH values,
but the absolute Egvalues at all three examined pH values were camdbte to
those of Park and Choi (2008) — &@or 24 hours was around 100 mg land
ECso for 48 hours was around 50 mg (Kim et al, 2010).

These results suggest that while acute toxicitgrobfloxacin may be low
(ECso for the first 24 hours is several orders of magiét higher than
concentrations of quinolones reported in the emvivent; see Chapter 2.2.2.1.),
there is the risk of chronic toxicity that may digrantly influence crustacean
populations in surface waters. Similar findings evegported by Yamashitt al
(2006) for levofloxacin. The authors observed natadoxicity of levofloxacin on
D. magna although levofloxacin did exhibit chronic toxigibn this crustacean
species (Yamashiet al, 2006).

55



On the other hand, the toxicity of enrofloxacin nsigantly decreased
when the antibiotic was exposed to UV B radiancan(kt al, 2010), which
confirms the accuracy of a photodegradation stepreatment of (especially
hospital) wastewaters containing quinolones (Betiaal, 2009; Sirtoriet al,
20093, b).

Ciprofloxacin seems to be problematic regardingtatsc properties on
D. magna while Kim et al. (2010) reported the ciprofloxacin E{for 48 hours
slightly above 1 mgt (which suggests high acute toxicity), Robinsemnal.
(2005) in their study of seven quinolone antibistconcluded that none of them
(ciprofloxacin included) exhibits acute toxicity dd. magna The results of
present research (see Chapter 4.4.) can, howenteiylty confirm the findings of
either Robinsoret al. (2005) or those of Kinet al (2010) as the investigated

antibiotic concentrations were lower than thosalusédoth mentioned studies.
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Conclusions

* In order to obtain relevant acute toxicity datae tboncentrations of
investigated fluoroquinolone antibiotics started/alues several orders of
magnitude higher (mg1) than the documented values of fluoroquinolone
antibiotics in the environment (ng*).

 The acute toxicity of investigated fluoroquinoloratibiotics varied
among the test species. Low acute toxicity of glone antibiotics was
found for P. subcapitataand T. platyurus High acute toxicity of the
antimicrobials was reported fdB. calyciflorus (with the exception of
norfloxacin) andr. pyriformis

» The obtained acute toxicity data of the investigataoroquinolones are
mainly in accordance with available literal sourcésere is, however, a
lack of published studies dealing with the ecotobagical screening of
fluoroquinolones.

» Based on the obtained data and with regard to tegovalues of
fluoroquinolone concentrations in the environmeil,three investigated
guinolones may have a negative impact on the ptpuolaf T. pyriformis

and ofloxacin may negatively influence the popuolatfB. calyciflorus
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