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Oral
Contaminantes emergentes: farmacos, cosméticos e nanoparticulas

117 - SUBLETHAL EFFECTS OF CAFFEINE IN Daphnia magna LIFE CYCLE:
USING A NEW-TERM ENDPOINT

ALINE CHRISTINE BERNEGOSSI, CARINA GRAMINHA [SSA, MAYARA CAROLINE
FELIPE, MARA RUBIA DE LIMA E SILVA, JULIANO JOSE CORBI

Contato: ALINE CHRISTINE BERNEGOSSI - ALINE.BERNEGOSSI@USP.BR
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INTRODUCION

Bioassays using macroinvertebrates are utilized to evaluate water quality and
ecotoxicological effects of substances. Caffeine is an emerging substance broadly
consumed as stimulant drug and found in food and beverages and its presence in
water bodies has been measured from 0.005 to 127 pg.L'1. As standardized,
ecotoxicity tests usually access Daphnia magna classical endpoints and any
disturbance in the organism life-cycle might increase their sensitivity and affect the
aquatic biota, we suggest new endpoints to assess the effects of Caffeine in
sublethal concentrations.

METHODS

D. magna was obtained from the Ecology of Aquatic Environments Laboratory
(LEAA) in the University of S&o Paulo. The health status of the organisms was tested
in sensitivity bioassays using copper sulfate pentahydrate (CuS04.5H,0) as
reference substance. The chronic test used 10 replicates with one D. magna
offspring (aged less than 24-hours). D. magna offspring were exposed to four
concentrations (0 — control, 5, 30 and 127 ug.L™ of Caffeine) for 21 days in a semi-
static condition. Three times a week we replaced the solution-test and the organisms
were fed. During the test, number of molt, aging, mortality/immobility and number of
offspring were recorded daily. The molting-cycle curve was plotted in OriginPro 8.0®
software using Logistic equation according to fitting adjustments (R2). After the
exposure, the molting data measured was used to calculate the percentage inhibition
or induction of caffeine (%l) relative to the control solution-test. The equation used
was %l = [(A2substance - A2control) /A2control] x 100, where A2substance =
maximum molting data for each Caffeine solution-test and A2control = maximum
molting data for control solution-test. When induction of molt occurs, the index is
positive and when inhibition of molt occurs, the index is negative.

RESULTS AND DISCUSSION

The organism presented an average sensitivity rate (EC50=0,44 mg.L'1) and its use
in ecotoxicity test can be validated. This test used reconstituted water at controlled
temperature (20+2°C) and photoperiod of 16 hours light/ 8 hours dark. The chemical
characteristics of reconstituted water were controlled, and the pH remained between
7.6 and 8.0 and hardness between 175 and 225 mg CaCO3.L™". The average
conductivity along the test was 426.5 ps.cm™ for control and 507.7 us.cm™ for all
Caffeine concentrations. All results were plotted in boxplot graph and analyzed
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individually. As predicted, by lethal endpoints, Caffeine in these concentrations did
not induce mortality/immobility responses and did not influence the life cycle of D.
magna. Consequently, the mean age of the organisms at all concentrations of
Caffeine presented approximate values when compared to the control condition.
However, when sublethal effects were analyzed in two new-term endpoints, Caffeine
presented the capacity of stimulating the organism’s reproduction. D. magna
exposure to Caffeine produced a high number of offspring, 66 for all concentrations
versus a range between 28 to 65 for control condition. Despite the presence of this
compound, no significative difference of intermolting time (number of day between
two molting processes) was observed comparing to control condition. Analyzing the
molting number for 127 pg.L™" of Caffeine, an induction in the total number of molts
was evaluated (ranging from 7 to 10), while for 5 and 30 pg.L-1 no significative
difference compared to control condition was observed (ranging from 7 to 8).
Concurrently, the molting cycle curve was calculated using a Logistic model
adjustment (R2 > 0.99) and all concentrations of Caffeine presented a typical curve
similarly to the control condition. However, in daily measurements, the molt numbers
in the presence of Caffeine presented higher values than in control condition. This
curve was characterized as a molting induction curve. To evaluate the induction or
inhibition effects of Caffeine in organism’s life-cycle, we used the maximum molt
measured data (A2) and calculated the induction/inhibition index (%l). The results
show an %l of 0, +4.28 and +15.71 for 5, 30 and 127 ug.L™, respectively. These
findings indicate that even in low concentrations, Caffeine can modify the life-cycle of
D. magna and might affect negatively the aquatic biota equilibrium.

CONCLUSION

This study shown that Caffeine in low concentration, usually found in water bodies,
did not cause mortality/immobility effect on D. magna. On the other hand, the
application of new sublethal endpoints revealed an indirect effect of this compound in
the organism life-cycle, increasing the number of offspring and causing molting
induction. These results confirm that the organism’s molting cycle curve and molting
induction or inhibition index (%) endpoints are useful in evaluating the Caffeine
emerging substance.

REFERENCES

ABNT - Associacdo Brasileira de Normas Técnicas. ABNT NBR 12713:
Ecotoxicologia aquética - Toxicidade aguda - Método de ensaio com Daphnia ssp
(Crustacea, Cladocera). (ABNT, 2016).

BODAR, C.W.M.; VOOGT, P.A.; ZANDEE, D.I. Ecdysteroids in Daphnia magna: their
role in moulting and reproduction and their levels upon exposure to cadmium. Aquat.
Toxicol. 17, 339-350 (1990).

CANELA, M.C.; JARDIM, W.F.; SODRE, F.F.; GRASSI, M.T. Cafeina em aguas de
abastecimento publico no Brasil/ Instituto Nacional de Ciéncias e Tecnologias
Analiticas Avangadas. (Editora Cubo, 2014).

CETESB - Companhia Ambiental do Estado de Sao Paulo. Qualidade das aguas
superficiais no estado de Sdo Paulo 2014. Série Relatérios / CETESB (CETESB,
2015).

Aracaju (SE), 1 a 4 de setembro de 2018
559



XV CONGRESSO BRASILEIRO DE ECOTOXICOLOGIA

GONCALVES, E.S. Uso da cafeina como indicador de contaminagéo por esgoto
doméstico em aguas superficiais. (90 p. Dissertagcdo (Mestrado em Geoquimica
Ambiental) - Universidade Federal Fluminense. Niterdi, 2008).

MOORE, M.T.; FARRIS, J.L.; GREENWAY, J.L.; GUERRA, B. Assessing caffeine as
an emerging environmental concern using conventional approaches. Arch. Environ.
Contam. Toxicol. 54, 31-35 (2008).

OECD - Organization for Economy Co-operation and Development. Test No. 211:
Daphnia magna Reproduction Test. (OECD Publishing, 2012).
doi:10.1787/9789264185203-en

RAIMUNDO, C.C.M. Ocorréncia de interferentes enddcrinos e produtos
farmacéuticos nas aguas superficiais da bacia do rio Atibaia. (55 p. Dissertagéo
(Mestrado em Quimica) - Departamento de Quimica Analitica, Universidade
Estadual de Campinas (UNICAMP). Campinas, 2007).

SIERRA-ALVAREZ, R.; LETTINGA, G. The methanogenic toxicity of wastewater
lignins and lignin related compounds. J. Chem. Technol. Biotechnol. 50, 443—455
(2007).

SPONSORS
This study was supported financially by the Coordination for the Improvement of

Higher Education Personnel (CAPES) and grant #2016/21946-8, S&o Paulo
Research Foundation (FAPESP).

Aracaju (SE), 1 a 4 de setembro de 2018
560






