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Abstract

The toxic effects of Triclosan (2,4:4richloro-2-hydroxydiphenyl ether) on morphology and sexual and asexual reproductibrebfen-
bergii were examined. In addition, the genotoxic effects of Triclosan were evaluated on the same alga using the microgel electrophoresis test,
also-called Comet assay. Increasing Triclosan concentrations in the range 0.125=5dityhot affect size and shape of the cells but had
relevant effects on both chloroplast morphology and dimension. Triclosan inhibited the vegetative gr@veshagnbergiiat 0.5 mg L2
The effects on sexual reproduction indicate that the numbé&:. ehrenbergiizygospores was significantly reduced by the application of
0.937 mg I=1. The Comet assay showed that Triclosan treatments led to a dose-dependent DNA dainebesobergij 0.25 mg [-1caused
significant genotoxic effects and higher concentrations irreversibly altered the DNA strands. These results sugyesirérdtergiicould
represent a useful organism to evaluate the whole toxicity of pharmaceuticals and personal care products (PPCPs), giving valuable information
for a risk assessment.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction a sound risk assessment procedure for PPCPs, as already re-
ported for other toxic compoungts]. However, standardized
The occurrence of pharmaceuticals and personal careprotocols for microalgae, so far used in toxicity assessments
products (PPCPs) in the aquatic environment has been worldfor PPCPs, are limited to inhibition tests on asexual repro-
wide reported in the last yeaf$]. To produce data for risk  duction, with 72—96 h exposure time.
assessments of these substances, laboratory acute and chronic The aim of this study deals with the combined applica-
toxicity assays have been carried out on different organisms,tion of algal growth and zygospore inhibition test (AGZI) and
ranging from bacteria to microalgae, invertebrates and fishes.Comet assay o8losterium ehrenbergtp estimate cytotoxic
As far as concern microalgae, conventional toxicity tests on and genotoxic potential of PPCPs. The so-called AGZI assay
PPCPs have been mainly performedRsuedokirchneriella  has been specifically developed in the past defélder the
subcapitata(formerly namedSelenastrum capricornutym desmidiacean unicellular alga. ehrenbergii This alga re-
the standard test microalga recommended by US EPA andproduces with two modes: asexually and sexually. The AGZI
OECD guideline$2,3]. Recently{4], it has been shown that  test is actually composed by two tests, the growth inhibition
the extention to other algal strains belonging to Cyanophyta (Gl) test, a standard assay on asexual reproduction, and the
and Bacillariophyceae enhances the possibility of generatingzygospore inhibition (ZI) test, planned to reveal interferences
of xenobiotics on sexual reproduction. In this way, the AGZI
mponding author. Tel.: +39 081 2538537; fax: +39 081 450165. test fulfils the requir_ement_o_f fOCUSi.n g on Fhe entir_e life cy-
E—mailaddresses:iniglia@unina.it(C.Ciniglia),’carcasco@unina.it(C. C_Ie of the test organl_sm, giving additional information for a
Cascone), rolog@libero.it (R.L. Giudice), gabpinto@unina.it (G. Pinto), ISk assessment. This assay was developed to evaluate the
anpollio@unina.it (A. Pollio). effect of the exposure to microcontaminants of wastewaters
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from sewage treatment plant (STP), such as surfactants or2.1. Preparation of tested stock solution

mutagenic compoundg,8], but it has never been carried

out on PPCPs. In addition to AGZI test, we have also per-  For all the experiments, Triclosan (CAS nos. 3380-34-

formed onC. ehrenbergithe single cell gel electrophoresis 5, purity >97%) was purchased from Sigma—Aldrich. The

(SCGE), or Comet assay, which is used to assess the genostock solutions of Triclosan were prepared by dissolving a

toxic potential of single substances, or mixtures from differ- known quantity of compound in 80% of a specified volume

ent sources (chemical industries, agricultural drainage, mu-of Closteriummedium. Then, solutions were stirred for 48 h

nicipal wastewaters). The Comet assay allows the estimationin the dark at room temperature. After this time, solutions

of the genotoxic potential of a compound also in cells which were adjusted at the specified volume with the same medium

do not show proliferative activitj9], and for this reason it  and stored at 4C in the dark for 2 weeks at the most. These

is preferred to other genotoxicity assays. The occurrence ofstock solutions (pH 7.5) were used for experiments. A wide

genotoxicity was also compared to the results of Gl and ZI range concentration was developed for asexual reproduction,

assays, to evaluate the relative sensitivity to toxicants of eachin order to find the adequate range of toxicity @psterium

test. For all the experiments, the toxic Triclosan concentrations

As a model, PPCPs was selected the bisphenol known adell in the range 0.125-5 mg12.

Triclosan, a broad-spectrum disinfectant, possessing not only

mostly antibacterial but also antifungal and antiviral proper- 2.2. Asexual reproduction test (Gl test)

ties[10]. As aresult of its bacteriostatic activity againstawide

range of both gram-negative and gram-positive bacteriaithas  Aliquots of preculture ofC. ehrenbergiistrain 228 con-

foundincreasing and recent popular use in personal care prodtaining around 2000 cells were inoculated in 50 mL of MIH

ucts (i.e. toothpaste, deodorant soaps, deodorants, antiperspimedium with Triclosan at each established concentration.

rants, detergents, cosmetics and anti-microbial creams, lo-Each test, performed in three replicates, was incubated at

tions and hand soaps). It is also used as an additive in plastoom temperature under a 16:8 h light/dark cycle. Observa-

tics, polymers and textiles to give these materials antibac- tions on cell morphology were registered after 2, 24, 48 and

terial propertieq10]. The progressively increasing use of 96 h. The cell number was counted after 5 days.

Triclosan during the last two decades has led to its detec-

tion in the environment, inducing bacterial resistance, with 2.3. C. ehrenbergii cell size measurement

very similar mechanisms to those involved in antibiotics re-

sistance, and some of these mechanisms can also generate A minimum of 20 cells from an exponential-phase of

cross-resistance with antibiotif0]. Estimates of predicted  growth control culture were randomly selected to determine

environmental concentration (PEC) values of Triclosan in mean cell volume and surface area. An appropriate geomet-

surface waters were 0.009-0.30&/L for high technology ric shape was selected and cell volurig &nd surface area

plants, and 0.149-1.26y/L for low technology plant§l1], (S were calculated using the formulae from Hillebrand et

values which are among the highest PEC estimated for aal. [14]. Cellular dimensions were measured at light micro-

PPCPs in surface waters. On the basis of aquatic toxicity scope using the software package LUCIA measurement ver-

tests performed with the three main groups of aquatic organ-sion 4.80.

isms (algae, crustaceans and fishes), the resulting PEC/PNEC

ratios for surface waters werel for low technology plants  2.4. Sexual reproduction test (ZI test)

and for part of the modern plartsl]. Data on Triclosan toxi-

city towards microalgal strains available in literat{t&,12], Aliquots of each preculture were first washed three times

shall allow us a sound comparison with the results obtained in MIH medium[13] lacking in nitrogen source and inocu-

with the C. ehrenbergiitoxicity tests and to evaluate the po- lated with the same medium. After 2 weeks, aliquots contain-

tentiality of C. ehrenbergias an assay organism complemen- ing about 2000 cells of both mating type@losteriumwere

tary to the standard algal test. inoculated in 20 mL of MIH medium containing Triclosan at
each established concentration. This test also included three
replicates at each test concentration. The tests were carried

2. Materials and methods out at 244 1°C under continuous light. The number of nor-
mal zygotes was counted using an inverted microscope (Leitz
Both plus and minus strains @&. ehrenbergii respec- Diavert) after 5 days.

tively nos. 228 and 229 of National Institute of Environmen-

tal Studies, Tsukuba, Japan, were grown into 100mL flasks 2.5. Comet assay

containingClosteriummedium[13]. The flasks were placed

at 201 °C under illumination of light of 8Q.E m—2 s~ for The Comet assay witBlosteriumwas performed on cells

24 h. A logarithmic growth phase preculture was applied to from Gl test (see Section.4), after 5 days, according to the
the asexual and sexual reproduction tests and to the Cometnodified method of Singh et g9]. Treated and untreated
assay. cells were collected by precipitation and embedded in a three-
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layered microgel, on a fully frosted microscopic slide, com- Table 1
posed as foIIowing: (1) a bottom |a_yer of 1% normal melt- Cell viability (autofluorescence) @. ehrenbergiduring the treatment with
ing agarose: (2) a second layer of 0.5% low-melting agarose "¢/°5a"

containing 5QuL of tested and untested algal solutions; (3) Triclosan Viability (percentage of living cells)

an upper layer of 0.7% low-melting agarose. The slides ?;gcf,nlt)rat'on 2h 24h 48h 96h
were dipped into a lysis solution containing 300 mM NaOH, 100 100 100 100
30 mM NgEDTA and 0.01% sodiumdodecylsulphate (SDS) ¢ 125 100 98 98 92
for 1 h and then in an electrophoresis buffer (300 MM NaOH 0.187 98 75 75 80
and 1 mM NaEDTA) for 15min at £C, to allow unwind- 0.25 98 60 60 80
ing of DNA. Electrophoresis was carried out using the same 95 98 12 14 2

buffer at 4°C for 20 min at 25V and 300 mA. Then, the gels % 10 10 2

were neutralized embedding the slides twice in 400 mM Tris

buffer (pH 7.5); DNA molecules were stained with ethid- to occupy a peripheral position, and irregular-shaped chloro-
ium bromide. The DNA images were observed using epi- plastswere frequently observed, with dark green colour, more
fluorescent microscopy (Nikon Eclipse E800) equipped with intense than in chloroplasts of control celldd. 1a and b).

a digital camera. Tail length, head DNA% and tail moment During the following 2 days, around 20% of the affected cells
were measured from 30 comets per sample, with an auto-showed a tendency to resume the normal morphology, and at
matic analyzing system (TriTek CometScore version 1.0.1.1). the end of the test they were quite similar to the control ones
The viability of C. ehrenbergiicells was assessed along the (not shown).

treatment, by chlorophyll autofluorescence, and after stain- At 0.5-1 mg L%, 2 h of exposure to Triclosan caused ef-
ing with neutral rot and metylene blue. The first method has fects on chloroplast morphology but not on cell viability. Af-
revealed to be more useful for differentiating living and dead ter 48 h, only 10% of the cells was still viable; these cells
cells. The numbers of live cells (autofluorescent) and dead showed a smaller and shapeless chloroplast, in which several
cells were counted in approximately 100 cells, using epi- narrowings were evidenE{g. 1c).

fluorescent microscopy (Nikon Eclipse E800). The modifications of cell morphology observed in the ex-
periments with Triclosan seem to be comparable to those
2.6. Statistical analysis observed with toxic compounds as Mitomicine C and other

mutageng7]. However, also at the highest concentrations
Data were represented by box and whiskers plots as fol- tested Triclosan did not cause increasing of cell dimension

lowings: measured values for the tested compound wereand abnormal cell shape, which were observed in the case of
shown by a box including 50% of the data. The top and bot- mutagenic compounds.
tom of the box marked 75th and 25th percentiles, respectively, In Fig. 2a the effects of Triclosan on the asexual repro-
and the inner line the median value; the whiskers marked theduction of C. ehrenbergii(Gl test) are shown. The NOEC
90th and 10th percentile values. To determine significant dif- corresponded to 0.25mgt and the LOEC to 0.5 mgt!
ferences among each treatment group and the control group(P=0.007); the EGy was found at 0.62 mgt?.
data were assessed by one-way ANOVA when groups were These dataindicate that Triclosan affected to amuch larger
homogeneous, and by ANOVA Kruskall-Wallis when groups extent the growth rate of the standard organRmsubcapi-
were nothomogeneous (SPSS Software Inc., Chicago). Whertata, which showed an E€3of 4.46x 10~3mg L~1[11]. The
significant differencesR<0.05) appeared, Dunnet’s multi-  different sensitivity to Triclosan of these two algae is prob-
ple comparison test was used to isolate the group(s) apartably related to their different size. According to Kent and
from a control group. Growth rate inhibition was also calcu- Currie[16], a good prediction of sensitivity to a toxicant is
lated, as following: (1 growth rate of treatment/growth rate  based on the surface/volume ratio: the smaller the size the
of control) x 100[15]. higher the sensitivity. The S/V ratio . ehrenbergii(0.44),

measured according to the formulae proposed by Hillebrand

et al.[14], was four times higher than that Bf subcapitata

3. Results and discussion (1.64), as reported by Kent and Curfi].
According to EU TGD on risk assessmgif7] a pre-
Triclosan had toxic effect o@. ehrenbergiicells, as well dicted no effect concentration (PNEC) was calculated by

as on asexual and sexual reproduction. Autofluorescence vi-applying an assessment factor of 1000 on thedHar Tri-
ability tests able ) and observations on cellular morphol- closan found in Gl tests 08. ehrenbergii A tentative risk

ogy were performed after 2 h of exposure to Triclosan, and assessment for Triclosan was subsequently attempted by di-
daily until the end of the experiments (96 h). At Triclosan viding the highest predicted environmental concentration
concentration 0.125 mgil, shape and size of the cells were (PEC) of Triclosan (1.2.g/L) by the PNEC previously calcu-
never affected and viable cells were around 95-100% duringlated. The risk quotient (RQ) was higher than 1, suggesting
all the experiments. At 0.187 and 0.25 mgl. cell viability that the risk of Triclosan to the environment might be not
decreased after 48 h from 100 to 60%; the nucleus tendednegligible.
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(@) (b) ©  10um

Fig. 1. (a) Vegetative cell &E. ehrenbergij (b) effects of Triclosan on the vegetative cel@fehrenbergiiafter 2 h; and (c) effects of Triclosan on the vegetative
cell of C. ehrenbergiiafter 48 h.

This result is in agreement with a risk assessment on Tri- duction. At these values, many gametes apparently of normal
closan based on tests performed with a battery of organismssize and shape were found in culture, but no fusion of oppo-
belonging to algae, crustaceans and fist]. According to site gametes occurred. At 0.9375 mglLTriclosan caused
this study, a RQ >1 in surface waters was predicted in the 84% reduction of zygospore number, whereas cells exposed
case of Triclosan discharges from low technology plants to to 0.625 mg =1 of Triclosan gave no significant reduction of
waters with low dilution. Zygospore number.

Triclosan also influenced the sexual reproductiorCof The similarity observed between the results from the tests
ehrenbergii(Fig. 3). The effect was calculated counting the on Triclosan inhibition of vegetative or sexual reproduction
number of zygospores at the end of the tests (96 h), in controlof C. ehrenbergiihas been shown also by Okamura et al.
and Triclosan-treated cells (ZI test). Triclosan concentrations [8], who reported similar values of sensitivity for Gl and ZI
from 1.25to 5 mg L1 inhibited completely the sexual repro-  tests on the antifouling agent Irgarol 1051. On the other hand,
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Data are presented in box- and whiskers-plot. Significanc:.<0.001. are presented in box- and whiskers-plot. Significancd®<0.001.
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Kim et al.[6] found that the zygospore inhibition teston non- Tests carried out during the first hours from the exposure to
ionic surfactants was at least 20 folds more sensitive thanthe toxicant, coupled with specific analyses to evaluate DNA

the assay on growth inhibition. It is well known that sexual
reproduction inC. ehrenbergiiis mediated by the release of

a pheromong18]. Triclosan could be specifically effective
as inhibitor of synthesis and/or release of this pheromone. It
is interesting to note that Foran et H9] reported a weak
androgenic activity for this compound, and more recently
Ishibashi et al[20] demonstrated that Triclosan could also
act as an estrogenic compound with the potential to induce
vitellogenin in male medak@ryzias latipes

The results obtained with the Comet assay indicate that the
Triclosan can genetically impa& ehrenbergii Cells were
exposed for 96 h to Triclosan concentrations ranging from
0.125 to 1 mg 1. Comet assays were performed at the end
of the experiments to evaluate the chronic genotoxic effects
of Triclosan. The DNA damage was measured as tail moment
of the comet (TM =tail lengtkx % tail DNA)/100).

Control nuclei of C. ehrenbergii consisted of a com-
pact nucleus, and only occasionally were observed comets,
whereas on other algae, suchGidamydomonas reinhardtii
the presence of comets in untreated cells was constantly
found[21]. The exposure to 0.125 mgt of Triclosan for
96 h was uneffective o€. ehrenberginuclei. Concentra-
tions of 0.187 mg L did not cause a significant DNA dam-
age. Triclosan concentration of 0.25 mglicaused a signif-
icant increasel=0.001) of tail momentKig. 4). At 0.5 and
1mg L1, the complete dissolution of nuclei occurred in all

the performed assays. The dose-dependent effect observed

with Triclosan-treate. ehrenbergiicells was found also on
Chlamydomonas reinhard{i21] andEuglena gracilig22],
with several mutagenic compounds causing DNA damage.
Comet assay o6. ehrenbergiivas the most sensitive test,
providing valuable informations on chronic genotoxicity of
Triclosan. However, it is well known that the genetic damage
occurs immediately after the addition of a toxic compound.

1219
104 * k x
o)
8
p ] °©
o
OE) 6 o
f
9] -
£
a4
©
E‘
24
n.m.
Y R—— —
_2 - L L LA
("O o] o o o
% ' - ‘o N
660 <% L2 $
2
Triclosan concentration (mg L°%)

Fig. 4. Comet assay of. ehrenbergiitreated with Triclosan. Data are
presented in box- and whiskers-plot of the comet parameter tail moment;
n.m., not measurable automatically by image analysis system. Significance:
" P<0.001.

3.

4.

5.

repairing, are necessary to better define the extent of damage

on DNA strands.

4. Conclusions

Based on the observations made from this research, the

following conclusions are drawn:

1. C. ehrenbergiiis an ideal organism to apply the Comet
assay, being provided of a large nucleus easily detectable
and amenable to the routine protocol of single cell gel
electrophoresis.

Comet assay has evidenced a potential genotoxicity of
Triclosan onC. ehrenbergij although at concentrations
higher than those measured in STP effluents.

Sexual reproduction i€. ehrenbergiis sensitive to Tri-
closan, as already reported for other types of organisms
[19].

The growth rate of. eherenbergiis affected only by high
Triclosan concentrations; the comparison with the results
obtained withP. subcapitataconfirms that this latter is a
very sensitive organism as far as concerns the effects of
xenobiotics on asexual reproduction.

The conventional set of bioassays with the standard rec-
ommended organisms can identify the toxicity of a com-
pound along the food-net, and still play a key role in the
development of a risk assessment for a xenobiotic. The
application of the above-described three bioassays.on
ehrenbergiidoes not replace the use of conventional bat-
tery of test organisms, but provides an overall evaluation of
the toxic effects of a chemical on the same organism, giv-
ing responses which are immediately comparable. This is
not easy to obtain when different tests organisms are used
to assess cyto- and genotoxicity of a compound.

2.
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