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Abstract

Aquaculture facilities are a potential source dflaatics to the aquatic ecosystems. The
presence of these compounds in the environmenthaag deleterious effects on non-
target aquatic organisms such as microalgae, whieh often used as biological
indicators of pollution. Therefore, the toxicitydumced by chloramphenicol (CHL),
florphenicol (FLO) and oxytetracycline (OTC), thresmtibiotics widely used in
aquaculture, on the marine microaldetraselmis suecica was evaluatedGrowth
inhibition and physiological and biochemical paréene were analysed. All three
antibiotics inhibited growth of. suecica with 96 h 1Gyvalues of 11.16, 9.03 and 17.25
mg L™ for CHL, FLO and OTC, respectively. After 24 howfsexposure no effects on
growth were observed and cell viability was alsaftetted, whereas a decrease in
esterase activity, related with cell vitality, wabserved at the higher concentrations
assayed. Photosynthesis related parameters sudhiarephyll a cellular content and
autofluorescence were also altered after 24 hotirantbiotics addition. It can be
concluded thal. suecica was sensitive to the three antibiotics tested.

Keywords. antibiotics, cell activity, cell viability, growthinhibition, microalga,
photosynthesis, toxicity.
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1. Introduction

The anthropogenic activity is a constant threathi stability of aquatic ecosystems,
since they are a sink for many chemicals that careta direct effect on the aquatic
organisms.

Aquaculture is a growing industry in response ® dramatic global population growth
and the increasing demand for food. As a resulthef activities in the aquaculture
facilities, effluents containing a complex mixturef chemical compounds as
disinfectants, antifouling substances, anestheticantibiotics are generated and these
compounds may reach aquatic ecosystems.

Infectious diseases are the main cause of the etorosses in aquaculture and have
become a limiting factor for its development (Blaret al., 2004). Therefore, the use of
antibiotics has been essential to prevent the dprvepathogenic bacteria. Antibacterial
agents are used as prophylactic and therapeutis togrevent or combat pathogens
and their overuse may cause several adverse effactae human and animal health
and for the environment (Cabello, 2006). Medicdesetls are the main route of drug
administration in fish because of their low costl dheir easy use, but a considerable
portion of the administered food may be not eatemhsorbed by fish (Burka et al.,
1997). In mollusc hatcheries, antibiotics are uguapplied directly into the water. In
both cases, these substances, eventually readntii®nment and this may result in
adverse ecological effects (Carballeira et al., 2201n addition, antibiotics are
molecules commonly used in both human and vetsrimadicine and, in the last years,
they have been considered emerging environmentatopollutants (Aminov, 2010;
Kimmerer, 2009).

Although recorded environmental levels of antilmstare usually low in waters (at ng
L™ to ug L) (Gulkowska et al., 2007; Isidori et al., 2005; ¥ual., 2007) these drugs
are considered “pseudopersistant” contaminantstaltleeir continued release into the
environment and their permanent presence (Hernabdd., 2006). The presence of
antibiotics in the environment may also have deletis effects on non-target aquatic
organisms such as microalgae. In certain studsiaguaquatic organisms of different
trophic levels, it has been found that the toxiatyantibiotics is, in general, higher to
cyanobacteria, probably due to their prokaryotitureg than to unicellular eukaryotic
primary producers as microalgae (Gonzélez—Pleiteale 2013; Halling—Sgrensen,
2000). Among eukaryotic organisms, multicellulaeags are in general less sensitive
than unicellular microorganisms (Ferreira et alQ02 Migliore et al., 1997;
Wollenberger et al., 2000). Microalgae play a vamportant role in the aquatic
ecosystems because they are the primary producdrargy effect on them could affect
higher trophic levels (Campanella et al., 2001;Rm et al., 2007). Microalgae have
been recommended as test organisms because ottldagical relevance, sensitivity
and because they are easily cultivated in the &bor For these reasons, these
organisms are commonly used as biological indisatdrpollution in ecotoxicological
studies (McCormick and Cairns, 1994; Prado e28l09b).

The response of microalgae to a toxic substantygpisally measured using population-
based parameters, such as specific growth rateds®, pigment content or chlorophyll
a fluorescence (Couderchet and Vernet, 2003; Delzaremd Fleming, 2007; Geoffroy
et al., 2007; Nestler et al.,, 2012). The develogmeh markers based on the
physiological response of living organisms can kxrege the delivery of biological data
and analyse the risk associated with environmergiglase of potentially polluting
compounds. In this regard, several studies haversiioat flow cytometry (FCM) is an
effective tool in toxicological research (Cid et,al996a; Franklin et al., 2001,
Franqueira et al., 1999; Prado et al., 2012a; Peadd., 2012b; Rioboo et al., 2002).
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FCM is an alternative to the standard algal poputabased endpoints, since it allows a
rapid and quantitative measurement of individugbhkells responses to toxic stress.
Using this technique, simultaneous measurementaulfiple cellular parameters are
made separately on each cell within the suspenseanjn vivo conditions, and not just
as average values for the whole population (Pradb,e2009a).

The aim of the present study was to evaluate thengpial toxic effect of three
antibiotics, chloramphenicol (CHL), florphenicoll®) and oxytetracycline (OTC), on
the marine microalga®etraselmis suecica. This species has a wide distribution along the
Galician coast and is frequently used in aquacelas food in the early larval stages of
mollusks, fish and crustaceans (Fabregas et &1)20he antibiotics used in this study
were selected also based on their use in aquaeullir of them are broad-spectrum
antibiotics widely used in aquacultural practice agimicrobial agents to control
diseases. CHL has been commonly used in hatchteriesntrol microbial growth in
larval cultures (Uriarte et al., 2001). OTC and Fafitibiotics are frequently used for
the treatment of the major bacterial pathologidectihg Spanish fish farming like
vibriosis, redmouth disease, furunculosis or pastiasis (Blanco et al., 2004). Their
mechanism of action is related with the inhibit@inprotein synthesis. CHL and FLO
are antibiotics that bind to the 50S subunit oftéaal ribosomes, preventing the
transfer of amino acids to extending peptide chaimd subsequent protein formation
(Marconi et al., 1990). OTC belongs to the tetréiogc antibacterial group. This
antibiotic binds to the 30S ribosomal subunit athacks the A site, preventing the
binding of amino-acyl tRNAs, thus blocking the firstep of the elongation phase
(Chopra & Roberts, 2001).

We hypothesize that the presence of these antbiotiay cause alterations on non-
target organisms and could have harmful effectthenenvironment. To demonstrate
this, microalgal cells were exposed to differenhaantrations of each drug. Growth
inhibition, a classical parameter in ecotoxicolagistudies, was determined during 96
h. Other physiological and biochemical parameteesevanalysed after 24 h to detect
early alterations in the microalgal cell physiolo@yhese parameters were relative cell
size changes, cell viability and activity and cblonyll a autofluorescence and cellular
content.

2. Materialsand methods

2.1. Microalgal cultures

The marine microalgal species used in the presenk,Wetraselmis suecica (Kylin)
Butch Prasynophyceae), was obtained from the Culture Centre of Algad Bnotozoa
(Cambridge, U. K.) and was isolated from Dr. FabesggUniversity of Santiago
(Fabregas, 1982).

T. suecica was maintained in filtered (pore sizeu®) and autoclaved (121 °C, 20 min)
seawater enriched with Algal-1 medium (Herrerolgtl®91), at 18 + 1 °C, illuminated
with 68.25umol photon m? s* with a dark:light cycle of 12:12 h and continuous
aeration with filtered atmospheric air (MilliporeilMx FG filters of 0.20um).

Batch cultures were carried out to evaluate themgal toxic effects of antibiotics on
the microalgdl. suecica. Toxicity tests were conducted in Kimax glass gibentaining
45 mL of culture. The medium and culture conditiovere the same as the used for
maintaining the algae. Cells from a 3-day-old ad@iigrowing in a logarithmic phase,
were used as inoculum for all experiments. Initiell density for each experiment was
5 x 10 cells mL™. All cultures were carried out in triplicate, bgiantibiotics tested in
three independent experiments and each one wadcarut with three biological
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replicates. Since a change in the pH of the culameld modify the toxicity of the
antibiotics or alter the growth of the microalgawas ensured that pH did not change
significantly by daily measurements. Registeredvahllies were between 8.4 and 8.6.

2.2. Chemicals

The antibiotics were purchased from Sigma Aldri€he purity of each antibiotic was
higher than 95%. Stock solutions were made inlldidtiand sterilized water and then
were filtered (pore size: 0.20 um). These solutivese freshly prepared before each
experiment. Four concentrations were tested foln éeat substance (2.5, 5.0, 7.5 and 10
mg L%). This range covers the concentrations used ire@dwre for the three
antibiotics. In addition to these, cultures withauritibiotic were also included as a
control.

2.3. Flow cytometric deter minations

FCM analysis ofT. suecica cells was performed in a Gallios flow cytometee¢Bman
Coulter Inc.) equipped with an argon-ion excitatiaser (488 nm), detectors of forward
(FS) and side (SS) light scatter and four fluoreseedetectors corresponding to four
different wavelength intervals: 505-550 nm (FL1$05600 nm (FL2), 600-645 nm
(FL3) and > 645 nm (FL4). To exclude non-algal ioées, chlorophylla fluorescence
was used, and red fluorescence histograms (> 635vwene used as a gate.

2.3.1. Cdll density

Cellular density was determined every 24 hoursmdutine 96 hours of the test for each
treatment and for the controls. Each of the thiegical replicates was sampled once.
Growth of microalgal cultures was measured by dogndlaily culture aliquots in the
flow cytometer using a suspension of fluorochroraetaining microspheres for its
calibration (Flow Count Fluorospheres, Beckman @uuhc.).

Growth rates|f), expressed as daywere calculated using the following equation:

= [In(Ny) - In(No)] / In2 (t-to)

whereN; is the cell density at timeandNy is the cell density at time 0.

Growth inhibition was determined by comparing tled density of the treated cultures
with the cell density of the control cultures (zarbibition).

2.3.2. Relativecell size

Cultures were analysed by flow cytometry to studteptial alterations in cell size after
24 h of exposure to each pollutant. Forward ligigter (FS) is related to cell size or
volume and FS intensity increases with the increakecell cross-sectional area
(Mullaney et al., 1969). At least, 5 x “I¢lls for sample were analysed and data were
presented as FS arbitrary units (a.u.).

2.3.3. Cdll viability

Cell viability was estimated using the fluoresceamission of cells stained with
propidium iodide (PI). Pl is a fluorescent dye tivaercalates with double stranded
nucleic acids to produce red fluorescence whenteckdiy blue light. Because of its
polarity, it is unable to pass through intact eeémbranes; however, when a cell dies
the integrity of the cell membrane fails, and Phide to enter and stain the nucleic
acids. In this way, Pl can be used to discrimirsveen viable non-fluorescent cells
(PI-) and non-viable fluorescent cells (PI+) (Cichk, 1996b; Prado et al., 2009a).
Pl-derived fluorescence was detected in FL3 detd6@0 — 645 nm) in a logarithmic
scale. This assay was performed following the netescribed by Prado et al. (2009a)
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using aliquots of 5 x F&ells mL*. At least 10 cells were analysed per culture. Results
were obtained as the percentage of viable cellsugathe total amount of analysed cells.

2.3.4. Metabolic activity

Metabolic activity was studied using a fluoresceiacetate-based cell esterase activity
assay, which has been reported as a sensitive apil technique to assess
phytoplankton metabolic activity (Jochem, 2000; étepk and Brussaard, 2011).
Fluorescein diacetate (FDA) is a non-polar, now#scent lipophilic molecule that
freely diffuses across cell membranes. Inside &k oon-specific esterases break the
FDA molecule into one brightly fluorescing fluorest and two acetates. Due to its
high polarity, the fluorescein is trapped withinllgeexhibiting intact plasma
membranes. Therefore fluorescence intensity wiltease depending on the metabolic
activity of those esterases.

Since fluorescein is accumulated by active cellstaolic activity can be measured by
means of the fluorescent intensity signal emittgccélls, which is proportional to the
amount of accumulated fluorescein and the time seldp(Prado et al., 2009a).
Comparing any differences in the fluorescence enhitty metabolically active cells
(FDA+), it is possible to detect changes in cethaty.

FDA-derived fluorescence was detected in FL1 dete¢b05 — 550 nm) in a
logarithmic scale. This assay was performed follgMihe method described by Prado
et al. (2009a) using aliquots of 5 x*b@lls mL*and the FDA at a final concentration of
0.4 pg mLh At least 10 cells were analysed per culture. Results are egpreas the
mean fluorescence value (a.u.) of metabolicallyvaatells population (FDA+) that is
related with the cell activity.

2.3.5. Chlorophyll a autofluorescence

T. suecica presents natural fluorescence due to the pressind@orophylla and other
accessory pigments. Chlorophyl is excited by blue light at 488 nm and emits
fluorescence in the range of 680-720 nm (red flsoeace) which is collected by the
FL4 detector. Therefore this parameter is studiegttly from cell suspensions without
using any fluorochrome. A minimum of 5 x 3@ells were analysed and the mean
fluorescence value (a.u.) of the cell populatiors walculated.

2.4. Spectrophotometric deter mination of chlorophyll a

The chlorophylla content ofT. suecica was analysed by spectrophotometry. Cells were
collected by centrifugation of culture aliquots8800 g and 4 °C for 20 min. Pigments
were extracted in 90% acetone in the dark at 4@ g 24 hours. Then, samples were
centrifuged again. The supernatant, which conteetlspigments, was decanted off to
read the absorbances and the pellet was discaftsdrbances were read at 664 and
647 nm on the spectrophotometer. The chlorophgthncentration was calculated using
the following equation (Jeffrey and Humphrey, 1975)

Chlorophylla = 11.93 Ags— 1.93 A7

where Chlorophylla represents the concentration in pug hlAess and Az are the
absorbances read at 664 and 647 nm respectively.

2.5. Data analysis

Mean and standard deviation values of the threledpical replicates were calculated for
each treatment and for the control. In all casai dre given as mean values + standard
deviation of the mean.
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To determine significant differences among testceotrations, data were statistically
analysed by an overall one-way analysis of varia@BROVA) using IBM SPSS
Statistic 21.0.0 software. prvalue < 0.05 was considered statistically sigatfiic When
significant differences were observed, means werepared using the multiple-range
Duncan test at a level of significance of 0.5 (0.05).

ICso values were calculated using linear regressionyarsalof the logarithm of
antibiotic concentration versus percentage of iitiloit.

3. Reaults

3.1. Growth

In general, the antibiotics assayed showed inhipiteffects on the growth of
Tetraselmis suecica (Fig. 1). The presence of the antibiotics testedthe culture
medium significantly § < 0.05) affected cell division ofl. suecica and this negative
effect on growth was concentration-dependerit 0.05). However, in the case of OTC
growth was slightly enhanced at the lowest conegiomm assayed (2.5 mg*). and no
significant differences were found between cordrad cultures exposed to 5 mg.L
After 96 h of exposure to antibiotics, cultures iexled growth ratesy) lower than
control, and these growth rates decreased as ttigicéic concentration increased
(Table 1). Statistical analysis showed a significaduction p < 0.05) in growth at
concentrations equal or higher than 2.5 migfar CHL; 5 mg L* for FLO and 7.5 mg
L for OTC (Table 1). The highest concentration as$d$® mg L*) of CHL and FLO
caused the maximum decrease in growth rate detectidns assay with 36.8 and 36.6
% less than the control, respectively; whereashtgbkest concentration of OTC caused
the minimum decrease detected in growth rate, 8&9 % less than the control.siC
values of CHL, FLO and OTC determined after 96 henkl.16, 9.03 and 17.25 mg L
respectively. Based on theslGralues obtained, the antibiotics can be rankedrdatgy

to toxicity level as follows: FLO > CHL > OTC.

3.2. Relativecell size

After 24 h of exposure, the presence of the artiitidested in culture medium caused a
decrease in the FS signal, related to a decredbe itell volume ofl. suecica. Relative
cells size significantly < 0.05)decreased as antibiotic concentration increasegl (Fi
2). At the highest concentration tested (10 rify, ICHL and OTC substantially reduced
relative cell size with respect to control cellst Ithe most drastic decrease in relative
cell size was detected with FLO.

3.3. Cdll viability

Cell viability in T. suecica cultures assayed by FCM was not significangy<(0.05)
affected by the addition of these three antibiotested to the medium. None of the
antibiotics assayed, even at the highest concenirtgsted, affected cell viability dt
suecica, that remained close to 100% for all antibiotiocentrations assayed (data not
shown). Cell membranes were not altered and thexefoells remained viable
throughout the duration of the test.

3.4. Metabalic activity

After 24 h of exposure, the cell activity was sfgrantly affected by antibiotics in a
concentration-dependent way, except for CHL<( 0.05). The lowest concentration
assayed of FLO significantly (< 0.05)reduced the cell activity oF. suecica, whereas
the highest concentrations of OTC (7.5 mijdnd 10 mg L[!) showed a significanp(<
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0.05) reduction in cell activity. Furthermore, a non-sfigant (p < 0.05) elevation of
activity at 2.5 mg [* of OTC was detected (Fig. 3).

3.5. Chlorophyll a

Since differences in cellular volume of the differetreatments were observed,
chlorophyll a autofluorescence is expressed corrected by relatele size (ratio
FL4/FS), thereby avoiding autofluorescence vanghdue to differences in relative cell
volume (Fig. 4). After 24 h, cultures exposed ® #mtibiotics showed a significamt €
0.05) increase in the values of the autofluorescencedrdg concentration increased,
the intensity of the fluorescence also increaselll.tt&kee antibiotics enhanced the
intensity of the autofluorescence emitted, butrtiwest relevant increase was obtained in
the presence of FLO and CHL. Chlorophg/kontent was also affected by the presence
of antibiotics in the culture mediunAll antibiotic treatments significantlyp(< 0.05)
reduced pigment cell content compared to contrilies, except for the OTC at 2.5
mg L (Fig. 5). At the highest concentration assayed,amount of chlorophyk per
cell was reduced in a 45 % in the presence of G32L.% for FLO and 35 % for OTC
relative to the control cultures.

4. Discussion

In the last years, pharmaceuticals have been liage@n increasing attention regarding
their potential harmful effects on the environm@dalling-Sgrensen et al., 1998). In
particular, antibiotics are of particular conceor fnarine ecosystems since they are
extensively used in aquaculture and they also reagir the environment by other ways
such as urban and industrial effluents (Miglioralet1997; Wollenberger et al., 2000).
The three antibiotics assayed in this study aftergrowth of the microalgaketraselmis
suecica. The 1G values (96 h) obtained for the three antibioties @ose to the values
reported for other microalgal species in the ligm In this way, De Orte et al. (2013)
found 96 h OTC 1§ values of 1.73 and 6.43 mg'tto Phaeodactylum tricornutum and
Isochrysis galbana, respectively. In the study of Lai et al. (2009 ©6 h IG, of FLO

to |. galbana was 8.00 mg I* and the 96 h 1§ of CHL to Tetraselmis chuii was 4.00
mg L. These results suggest that microalgae, despite men-target organisms, are
strongly affected by antibiotics.

Obtained results show that suecica is significantly affected by the presence of these
antibiotics in the medium. Therefore, in the cal€ldL, a better control or government
regulation and law enforcement should be exercdenlt its illegal use in aquaculture.
Despite being banned in many countries, its bropdctsum of activity, ready
availability and low cost attracts some producétsang et al., 2006). For the OTC, the
ICso value obtained was higher than for the other twtibaotics, therefore, this
compound seems less harmful for this species thanothers tested. FLO is an
antibacterial agent especially developed for veteti use, being applied even against
bacteria that have developed resistance to oth@baaterial drugs and it is less
persistent in the aquatic environment than OTCaddition, although it is a structural
CHL analogue, FLO has a broader spectrum of agtiaitd has no toxic effects in
humans (Xu et al., 2005); because of this, theafighis drug has increased in recent
years. However, in this study FLO significantly ilmked the growth of the marine
microalgaeT. suecica, showing much higher toxicity than the two othetilzotics
assayed. Therefore, the use of this antibiotic lshbe more carefully monitored to
reduce the potential contamination risk of the ineng waters.

Since cultures were not axenic, alterations obsemwe growth in the presence of
antibiotics could also be due to the lack of sommmth factors or vitamins synthetized
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by associated bacteria, which could be affectedhéncase of OTC, the stimulation of
growth at the lowest concentration tested couldekplained by a phenomenon of
hormesis. Although the biochemical mechanism byctvhiormesis works is not well
understood, it is possible that low doses of thegdmight activate the repair
mechanisms of the cell.

Except for growth, the remaining parameters weraluated after 24 h of antibiotic
exposure, when growth was not significantly affddteig. 1).

The presence of a proportion of smaller cells iftuces with antibiotics may be
explained by the inhibition of growth detected (F&). Active cells enlarged before
dividing because of the increase in cellular cénstits. But cells exposed to antibiotics
did not increase their volume as fast as the cbmutiures because they had their
growth inhibited.

Toxic effects of these pollutants on microalgae a@enerally evaluated using
phytotoxicity tests based on growth inhibition, @plation-based parameter. However,
physiological cellular endpoints could allow eadgtection of cell stress and elucidate
underlying toxicity mechanisms (Prado et al., 2009a this regard, the measurement
of cell viability and enzyme inhibition in microalg are rapid and sensitive indicators
of environmental stress (Blaise and Ménard, 19B8kults obtained with the FDA test
provide additional information to that obtained lwihe PI test. Although both assay
procedures can distinguish between cells with gactrplasma membrane (viable) and
cells with a damaged membrane (not viable), the El3gay also includes those cells
with intact plasma membrane, but with altered ese@activity.

Several studies have shown that some toxic agewts & copper or some pesticides
may damage the integrity of microalgal membranesiog a decrease in the percentage
of viable cells (Cid et al., 1996b; Lage et al. 20Prado et al., 2009a). Reactive oxygen
species (ROS) generated by these agents haveibked 1o the origin of the damage to
cell membranes. It has also been found that exposutow concentrations of these
agents stimulate cell esterase activity since theseymes are essential for the
replacement of phospholipids in cell membranesnfdna et al., 2001). However, in
this study, an opposite effect was detected. Onhamel, cell viability of the cells ofF.
suecica analysed by CMF using Pl was not affected by tlesgnce of antibiotics in the
culture medium and on the other hand, the FDA destcted a decrease in metabolic
activity (Fig. 3). This could be explained becagbéoroplasts and mitochondria have
their origin in primitive bacteria and these orgéegemay be the target of the antibiotics
in microalgae, so these drugs could alter cell jgiygical state, but not its integrity or
viability (Ebringer, 1972; Nicolas, 1981; Liu et,a2012).

Regarding cell chlorophylh content, a significant decrease was observed itures!
exposed to antibiotics (Fig. 5). Hendry and Prit@9Q3) reported the loss of chlorophyll
associated with environmental stress. Several etutkhve shown that some compounds
such as carbamazepine can strongly inhibit thehegn of chlorophyll (Tsiaka et al.,
2013). This inhibitory effect is probably due tetimterference of these pollutants with
the chlorophyll synthesis (Zhang et al., 2012).tkermore, the decrease in the cellular
content of pigments could be caused by the enhagmenf oxidative stress-related
effects (Tsiaka et al, 2013), since these are dnéhe® most important causes of
degradation of pigments in plants.

Although the green alga is a non-target organibe observed toxicity exerted by some
antibiotics could be, at least in part, due to phekaryote-like elements of chloroplast
metabolism and reproduction, which makes thesetigéapotential antibiotic targets
(McFadden and Roos, 1999; Gonzalez—Pleiter et2@l3). Due to the similarities
between the ribosomal RNA of bacteria and chlomtglachloroplast ribosomes are
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sensitive to many antibiotics (Gray, 1992). Pratenh the photosynthetic apparatus are
synthesized in chloroplasts (Mayfield et al., 199%)us damage to chloroplast
ribosomes would cause harmful effects to photostithorganisms, affecting the
chlorophyll synthesis (Liu et al., 2012). In ther@away, antibiotics may cause similar
effects on the mitochondria, as some antibioticshsas chloramphenicol, inhibits
mitochondrial protein synthesis in eukaryotic c€NécKee et al., 2006; Yunis, 1989).
Mitochondrial ribosomes are involved in the synibed proteins implicated in electron
transport, which is essential for energy metabolemd cellular respiration process,
thererfore the study of these parameters in migedalells exposed to antibiotics would
also be interesting.

Changes in chlorophyll fluorescence have been tsstudy the physiological state of
microalgal cells under several stress factors (@l@zzBarreiro et al., 2004; Chalifour
et al., 2009; Hadjoudja et al., 2009). Althoughatesl cells decreased in size and in
chlorophyll a content, an increase in chlorophwlfluorescence was detected. The
increase of the autofluorescence could be explamed blockage of the electron
transport chain at the PS Il level (Cid et al., 399ndicating an inhibitory effect
localised on the oxidant side, probably due totimation of some PS Il reaction centres
as postulated by Samson and Papovic (1988) in stedy of phytotoxicity of heavy
metals and pesticides in the microa@analiella tertiolecta. It has also been reported
by Singh and Singh (1987) and by Murthy et al. (98 cells exposed to the action of
copper and mercury, respectively.

Taken into account the obtained results, chloramigbé florphenicol and
oxytetracycline provoke adverse effects on the meamicroalgadetraselmis suecica.

5. Conclusions

The three antibiotics tested caused significamtraiions on the microalga and the most
affected parameters were those related to photosgistand growth.

Before growth was affected, cellular content antbfworescence of chlorophyd of
the microalga were altered by the presence of iatitb in the environment, and this
may adversely affect the photosynthetic rate. Téfect could be due to the
cyanobacterial nature of chloroplasts which makesé plastids potential antibiotic
targets.

Flow cytometry provides additional information teetecotoxicological studies, which
are often based on growth inhibition assays. It ¢@n concluded that cellular
physiological parameters studied by flow cytometign allow us to detect early
alterations that classical studies of growth inieii do not detect.

Further studies about the toxicity of the mixtuogésantibiotics should be carried out to
detect possible interactions (synergism or antagonamong these compounds in the
environment.
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Table and figure captions

Table 1. Growth rate (i) ofT. suecica cultures after 96 h of exposure to different
concentrations of chloramphenicol (CHL), florphenidFLO) and oxytetracycline
(OTC). Values are the mean (three replicates) sdstal deviation. Significant
differences with respect to control at a level mndicance of 0.05 (p < 0.05) are
represented by an asterisk (*).

Figure 1. Growth curves of the cultures of suecica in the absence (Ct) and in the
presence of different concentrations (mg) lof chloramphenicol (CHL), florphenicol

(FLO) and oxytetracycline (OTC). Values are the méaree replicates) of number of
cells per mL in each treatment + standard deviation

Figure 2. Relative cell size ofT. suecica after 24 hours of exposure to different
concentrations of chloramphenicol (CHL), florphenidFLO) and oxytetracycline
(OTC) (mg LY. Data are given as mean values + standard dewiafi the FS signal.
Significant differences with respect to controlaatevel of significance of 0.05 (<
0.05)are represented by an asterisk (*).

Figure 3. Metabolic activity ofT. suecica cells after 24 hours of exposure to different
concentrations of chloramphenicol (CHL), florphenidFLO) and oxytetracycline
(OTC) (mg LY). Data are given as mean values + standard demiaBignificant
differences with respect to control at a level mingicance of 0.05 g < 0.05) are
represented by an asterisk (*).

Figure 4. Chlorophylla autofluorescence expressed as the ratio betweeshtarophyll

a fluorescence and the relative cell size of theéuces ofT. suecica after 24 hours of
exposure to different concentrations (mg) lof chloramphenicol (CHL), florphenicol
(FLO) and oxytetracycline (OTC). Data are givemasan values + standard deviation.
Significant differences with respect to controlaatevel of significance of 0.05 (<
0.05)are represented by an asterisk (*).

Figure 5. Chlorophylla content of the cultures gt suecica after 24 hours of exposure
to different concentrations (mg). of chloramphenicol (CHL), florphenicol (FLO) and
oxytetracycline (OTC). Data are given as mean &afustandard deviation. Significant
differences with respect to control at a level mingicance of 0.05 1§ < 0.05) are
represented by an asterisk (*).
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Antibiotic u (day?)
(mg I CHL FLO OTC
Control 0.68 + 0.05 0.71+0.03 0.71 +0.05
2.5 0.59 + 0.04* 0.69 + 0.02 0.74 +0.02
5 0.53 + 0.03* 0.57 + 0.04* 0.69 + 0.02
7.5 0.48 + 0.07* 0.49 + 0.03* 0.62 +0.03*
10 0.43 + 0.03* 0.45 + 0.03* 0.54 + 0.05*
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Highlights

Antibiotics assayed cause adverse effects on the microalgae Tetraselmis suecica.
The most affected parameters were those related to photosythesis and growth.
Based on the I Csp values obtained toxicity can be ranked as FLO > CHL > OTC.

Flow cytometry provides additional and accurate information for this type of studies.



