Toxicity of PAHs and jelly protection of eggs
in the Common frog Rana temporaria
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Abstract. Polycyclic Aromatic Hydrocarbons (PAHs) are damaging for aquatic organisms such as amphibians. In this study,
toxicity of a mixture of three PAHs (naphthalene (2 rings), phenanthrene (3 rings) and pyrene (4 rings)) was tested on
Common frog (Rana temporaria) embryos. The protective role of the jelly coat surrounding the eggs was studied by exposing
embryos with and without jelly coat to PAHs dissolved in an aqueous solution without organic solvent. Results showed that
the mixture of these three PAHs significantly increase embryonic mortality rate after a few hours of exposure. Embryos with
jelly coat tend to suffer a lower mortality rate than embryos without jelly. The jelly surrounding eggs is filled by water of the
breeding site, which can contain pollutants. Because jelly characteristics vary among species, sensitivity to environmental
pollutants and levels of embryonic protection could be different among amphibian species.

Polycyclic aromatic hydrocarbons (PAHs) are
transported through the atmosphere over long
distances and are now widely distributed in the
ecosphere (Aceves et al., 1993, Fernandez and
Grimalt, 2003). PAHs are naturally produced by
volcanic eruptions, forest fires and decomposing organic matter in sediment (Blumer, 1976).
Human activities, especially urbanisation, as
well as incomplete combustion of living or fossil organic matter, exhaust fumes from vehicles,
gas- and oil-fired heating and steel mills, for
example (Nykolaou et al., 1984; Van Schooten
et al., 1997) are major sources of PAH emissions
into the environment. Despite their hydrophobic
nature, PAHs can be highly damaging to aquatic
organisms (Bowling et al., 1983; Eisler, 1987;
Landrum et al., 1987). Because of their unique
physiology and habitat requirements, amphibians are often regarded as potentially more vulnerable to changes in their environment than
many other vertebrates (Sparling et al., 2000,
2001).

1 - Université de Savoie, UMR CNRS 5553 Laboratoire
d’Ecologie Alpine, Campus Scientifique de SavoieTechnolac, 73 376 Le Bourget du Lac, France
Corresponding author: olivier.marquis@univ-savoie.fr,
claude.miaud@univ-savoie.fr
2 - Université de Savoie, Laboratoire de Chimie Moléculaire et Environnement, ESIGEC, Campus Scientifique
de Savoie-Technolac, 73376 Le Bourget du Lac, France
© Koninklijke Brill NV, Leiden, 2006.
Also available online - www.brill.nl

Amphibians suffer from the spread of toxic
substances in the environment (Carey and
Bryant, 1995; see Blaustein et al., 2003 for a
review). The toxicity of PAHs, and especially
the effect of photo-induced toxicity on amphibian embryos and larvae, has been reported
by several authors (Fernandez and L’Haridon,
1992; Hatch and Burton, 1998). Enzymatic activity within the organism can, with the influence of electrophilic metabolites (e.g. diol epoxide), transform PAHs to react with the nucleophilic sites of macromolecules such as DNA.
This binding on nucleotides disturbs the threedimensional DNA structure and can lead to single or double strand breaks in DNA (Moller and
Wallin, 1998; Braithwaite et al., 1999).
To our knowledge, the toxic effects of PAH
exposure on eggs, tadpoles or adults of Rana
temporaria have not been reported in the literature. This species is widespread in Europe (from
lowland plains to 2500 m above sea level in the
Alps) and is often considered a biological indicator of pollution (Oldham et al., 1997; Johansson et al., 2001; de Wijer et al., 2003).
Tests for the potential effects of PAHs on
aquatic organisms should consider the pollutant’s solubility. Because of their very low solubility in water, PAH solutions are often prepared
in an organic solvent before being diluted in water. However, organic solvents can themselves
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be toxic to eggs and tadpoles (Marquis et al.,
2006). The aim of this work is to evaluate the
toxicity of PAHs dissolved in water without an
organic solvent and the protective effect of the
jelly coat surrounding the embryos of R. temporaria.
A mixture of three PAHs was tested: naphthalene
(2 rings), phenanthrene (3 rings) and pyrene (4 rings).
One hundred mg of each crystallized PAH was added to
2 litres of dechlorinated tap water (dissolved oxygen: 95%
at 21.2◦ C; pH = 6.91; conductivity = 302 µS/cm) and
stirred for 24 hours at 20◦ C. The solution was then filtered
to remove non-dissolved remnants. The exact concentration
of the three compounds was determined by High Performance Liquid Chromatography (HPLC) analysis. Analyses
were carried out with a Waters 996 HPLC equipped with
a photodiode array detector operated at 240 nm. The column was a Varian Chronospher 5 (25 cm, 4.6 cm, 5 µm)
with an acetonitrile/water (80%/20%) mixture as a mobile phase at 1 mL min−1 . The solution composition was
30 mg L−1 of naphthalene, 1.15 mg L−1 of phenanthrene
and 128.8 µg L−1 of pyrene. These concentrations are
close to the solubility of these three PAHs, i.e. 30 mg L−1 ,
1.29 mg L−1 and 0.135 mg L−1 respectively, at 20◦ C.
Eggs were collected from 10 different clutches in the
same population. Their embryonic development indicated
that no more than 24 h had passed since fertilization. Two
embryonic conditions were established: normal eggs (with
jelly) and eggs without jelly (jelly was manually removed).
All experiments were performed with 4 replicates of PAHs
solution and 4 controls of dechlorinated tap water without
added PAHs. Each replicate and control test was performed
on a set of 20 eggs (2 from each of the 10 clutches). Eggs
were exposed to 100 ml of solution in a 150 ml glass
bottle that had been washed, rinsed with distilled water
and dried at 200◦ C. Experiments were performed in a dark
room at a constant temperature of 15◦ C. The number of
dead embryos was recorded after 96 h of exposure. The
effect of removed jelly, the effect of PAHs treatment and
their interaction were tested with GLM procedure with
binomial error distributions. Significance was assessed with
likelihood ratio chi-square.

Eggs exposed to dissolved PAHs suffered a
higher mortality rate than eggs in tap water
(χ 2 = 57.84, P < 0.001, df = 1) (fig. 1).
The mortality rate of eggs exposed to PAHs
was 0.488 ± 0.056 (mean ± SE) for normal
eggs and 0.638 ± 0.054 for eggs without jelly.
The mortality rate of eggs in tap water was
0.075 ± 0.042 for normal eggs and 0.10 ±
0.047 for eggs without jelly. When exposed to
PAHs, mortality rate of eggs with jelly was
not significantly different from eggs without
jelly (χ 2 = 3.71, P = 0.054, df = 1).
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The interaction of treatment and jelly was not
significant (χ 2 = 0.120, P = 0.729, df = 2).
Earlier studies have found that pollutants
such as nitrogenous fertiliser (ammonium nitrate) and PCBs can affect embryonic survival,
larval development and adult survival of the
Common frog R. temporaria (Oldham et al.,
1997; Gutleb et al., 2000; de Wijer et al., 2003).
Further, experimental exposure of amphibians
to pyrethroids has found differences in sensitivity among species and life stages (Cole and
Casida, 1983; Berrill et al., 1998). Our study
found that in R. temporaria exposure to three
PAHs (naphthalene, phenanthrene and pyrene)
dissolved in water without solvents is clearly
toxic to eggs at the early stages of embryonic development. Dead embryos were close to
stage 3 (Gosner, 1960), indicating that they died
in the first hours of exposure. In future studies
it would be interesting to test each PAH individually to estimate the synergistic effect between
PAHs.
The thick jelly coat surrounding amphibian
eggs is composed of glycoproteins, mucoproteins, carbohydrates and mucopolysaccharids
(Salthe, 1963) and may be a protective agent
against some chemicals (Berrill et al., 1997;
Jung and Walker, 1997) and UV-b radiation
(Grant and Licht, 1995; Marquis, 2006). To our
knowledge, nothing is known about the role of
egg jelly in protecting against PAHs. Our experiment addresses this knowledge deficit and
found a strong trend of greater sensitivity to
PAHs, expressed as higher mortality, in eggs
stripped of their jelly. We can assume that at
least a part of the PAHs may be retained in
the different layers of the jelly coat. Under natural conditions, eggs would be exposed to pollutants when the jelly is filled with water from the
breeding site when the eggs are laid. The jelly
coat differs among amphibian species (e.g. in
number of layers and composition) (Duellman
and Trueb, 1994), which may mean that embryonic protection by the jelly coat, and therefore
sensitivity to pollutants, varies among amphibian species.
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Figure 1. Mortality of Rana temporaria embryos exposed to a mixture of three PAHs dissolved in water. Mortality rate was
the proportion of dead eggs after 96 h of exposure. Dark bars: normal eggs with jelly (mortality rate + 1 SE, n = 80). Open
bars: eggs without jelly (mortality rate + 1 SE, n = 80).

References
Aceves, M., Grimalt, J.O. (1993): Seasonally dependent
size distributions of aliphatic and polycyclic aromatic
hydrocarbons in urban aerosols from densely populated
areas. Environ. Sci. Technol. 27: 2896-2908.
Berrill, M., Bertram, S., Pauli, B. (1997): Effects of pesticides on amphibian embryos and larvae. Herpetol. Conserv. 1: 233-245.
Berrill, M., Coulson, D., McGillivray, L., Pauli, B. (1998):
Toxicity of endosulfan to aquatic stages of anuran amphibians. Environ. Toxicol. Chem. 17: 1738-1744.
Blaustein, A.R., Romansic, J.M., Kiesecker, J.M., Hatch,
A.C. (2003): Ultraviolet radiation, toxic chemicals and
amphibian population declines. Divers. Distrib. 9(2):
123-140.
Blumer, M. (1976): Polycyclic aromatic compounds in nature. Sci. Am. 234: 35-45.
Bowling, J.W., Leversee, G.J., Landrum, P.F., Giesy, J.P.
(1983): Acute mortality of anthracene contaminated fish
exposed to sunlight. Aquat. Toxicol. 3: 79-90.
Braithwaite, E., Wu, X., Wang Z. (1999): Repair of DNA lesions: mechanisms and relative repair efficiencies. Mutat. Res. 424: 207-219.
Carey, C., Bryant, C.J. (1995): Possible interrelations
among environmental toxicants, amphibian development, and decline of amphibian populations. Environ.
Health. Perspect. 103: 13-7.
Cole, L.M., Casida, J.E. (1983): Pyrethroid toxicology in
the frog. Pestic. Biochem. Physiol. 20: 217-224.
de Wijer, P., Watt, P.J., Oldham, R.S. (2003): Amphibian
decline and aquatic pollution: Effects of nitrogenous
fertiliser on survival and development of larvae of the
frog Rana temporaria. Appl. Herpetol. 1: 3-12.

Duellman, W.E., Trueb, L. (1994): Biology of amphibians.
John Hopkins University Press, London.
Eisler, R. (1987): Polycyclic aromatic hydrocarbon hazards
to fish, wildlife, and invertebrates: a synoptic review.
U.S. Fish Wildlife Services. Rep. 85, 81 p.
Fernandez, M., L’Haridon, J. (1992): Influence of lighting
conditions on toxicity and genotoxicity of various PAH
in the newt in vivo. Mutat. Res. 298: 31-41.
Fernandez, P., Grimalt, J.O. (2003): On the global distribution of persistent organic pollutants. Chimia 57: 514521.
Gosner, K.L. (1960): A simplified table for staging anuran
embryos and larvae with notes on identification. Herpetologica 16: 183-190.
Grant, K.P., Licht, L.E. (1995): Effects of ultravioletradiation on life-history stages of anurans from Ontario,
Canada. Can. J. Zool. 73: 2292-2301.
Gutleb, A.C., Appelman, J., Bronkhorst, M.C., van den
Berg, J.H.J., Murk, A.J. (2000): Effects of oral exposure
to polychlorinated biphenyls (PCBs) on the development
and metamorphosis of two amphibian species (Xenopus
laevis and Rana temporaria). Sci. Total Environ. 262:
147-157.
Hatch, A.C., Burton Jr., G.A. (1998): Effects of photoenhanced toxicity of fluoranthene on amphibian embryos
and larvae. Environ. Toxicol. Chem. 17: 1777-1785.
Johansson, M., Katja Räsänen, K., Merilä, J. (2001): Comparison of nitrate tolerance between different populations of the common frog, Rana temporaria. Aquat. Toxicol. 54: 1-14.
Jung, R.E., Walker, M.K. (1997). Effects of 2,3,7,8tetrachlorodibenzo-p dioxin (TCDD) on development of
anuran amphibians. Environ. Toxicol. Chem. 16: 230240.

Short Notes
Landrum, P.F., Giesy, J.P., Oris, J.T., Allred, P.M. (1987):
Photoinduced toxicity of polycyclic aromatic hydrocarbons to aquatic organisms. In: Oil in Freshwater:
Chemistry, Biology, and Countermeasure Technology,
pp. 304-318. Vandermeuen J.H., Hrudey, S.E., Ed., Pergamon, New York, NY, USA.
Marquis, O., Millery, A., Guittonneau, S., Miaud, C. (2006):
Solvent toxicity to amphibian embryos and larvae.
Chemosphere 63: 889–892.
Marquis, O. (2006): Variations phénotypiques et adaptations
locales en réponse aux stress environnementaux chez la
Grenouille rousse (Rana temporaria). Unpublished PhD
University of Savoie, Le Bourget du Lac.
Moller, P., Wallin, H. 1998. Adduct formation, mutagenesis
and nucleotide excision repair of DNA damage produced
by reactive oxygen species and lipid peroxidation products. Mutat. Res. 410: 271-290.
Nykolaou, K., Masclet, P., Mouvier, G. (1984): Sources and
chemicals reactivity of Polynuclear Aromatic Hydrocarbons in the atmosphere: A Critical Review. Sci. Total
Environ. 32: 103-132.
Oldham, R.S., Latham, D.M., Hilton-Brown, D., Towns, M.,
Cooke, A.S., Burn, A. (1997): The effect of ammonium

475
nitrate fertiliser on frog (Rana temporaria) survival.
Agric. Ecosyst. Environ., Appl. Soil Ecol. 61: 69-74.
Salthe, S.N. (1963): The egg capsules in the amphibian.
J. Morphol. 113: 161-171.
Sparling, D.W., Linder, G., Bishop, C.A. (2000): Ecotoxicology of Amphibians and Reptiles. Pensacola, FL, Society of Environmental Toxicology and Chemistry (SETAC), 904 p.
Sparling, D.W., Fellers, G.M., McConnell, L.L. (2001): Pesticides and amphibian population declines in California,
USA. Environ. Toxicol. Chem. 20: 1591-1595.
Van Schooten, F.J., Moonen, E.J.C., Van der Wal, L., Levels,
P., Kleinjans, J.C.S. (1997): Determination of Polycyclic
Aromatic Hydrocarbons (PAHs) and their metabolites in
blood, faeces, and urine of rats orally exposed to PAH
contaminated soils. Arch. Environ. Contam. Toxicol. 33:
317-322.

Received: September 22, 2005. Accepted: January 17, 2006.

