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The acute toxicity of endocrine disrupters in two
crustaceans, Americamysis bahia (A. bahia) and Daph-
nia magna (D. magna), was investigated and the toxi-
cological responses compared. Bisphenol A had the
lowest toxicity to D. magna, the 48 hr median lethal
concentrations (LC50) values was 12.8 mg/l. However,
the toxic sensitivity of A. bahia to bisphenol A was ap-
proximately 10-fold higher than for D. magna (48 hr
LC50; 1.34 mg/l). The 48 hr LC50 of estradiol-17� was
2.97 and 1.69 mg/l in D. magna and A. bahia, respec-
tively. Nonylphenol had the highest lethal toxicity
against both A. bahia (48 hr LC50; 0.051 mg/l) and D.
magna (48 hr LC50; 0.18 mg/l). However, ecdysteroids,
and ecdysteroidal activity insecticides, such as
tebufenozide, and juvenile hormone analog, had no
toxic effects against either A. bahia or D. magna at the
concentrations tested in this study. These results sug-
gest that A. bahia is a more suitable toxicity test or-
ganism for endocrine disrupters than D. magna be-
cause of the higher sensitivity of A. bahia to the toxico-
logical effect.
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INTRODUCTION

Recently, a number of global studies of endo-
crine disrupters (EDs) have reported interactions
with the development and functioning of endocrine
systems in animals and humans.1,2) Many of these
chemicals may also adversely affect the reproduc-
tive health of aquatic organisms. Therefore, various

screening and testing systems for EDs have been
established in the OECD (Organization for Eco-
nomic Cooperation and Development) and U.S. EPA
(Environmental Protection Agency).3,4)

Under laboratory culture, the mysid shrimp
Americamysis bahia (A. bahia), reaches sexual ma-
turity in 12 to 20 days, depending on water tempera-
ture and diet.5) Normally, the female will have eggs
in the ovary at approximately 12 days of age. The
short life span of A. bahia, ease of culture and sensi-
tivity to toxic substances has meant they have been
widely used in toxicity testing.6,7) However, most
studies have focused on the affects of heavy metals
or agriculture chemicals, and little is known about
the relative toxic effects of EDs on A. bahia. As in-
vertebrates are present in about 90% of the ecosys-
tem, evaluation of the adverse effects on inverte-
brates of ED exposure is important, in order to de-
velop systems to test the health of any given envi-
ronment.

We evaluated and compared the acute toxicity
of various EDs to the crustaceans A. bahia and Daph-
nia magna (D. magna), which are widely used in
aquatic toxicology. The lethality of the EDs was used
as the endpoint in an aquatic acute toxicity testing
system. In general, determination of lethal concen-
trations, such as the median lethal concentration
(LC50), is recognized as the first step for risk assess-
ment of synthetic and natural chemicals. We also
discuss the utility of this toxicity testing system.

MATERIALS AND METHODS

Test Chemicals —–—  Estradiol-17β, ponasterone
A, and ecdysone-α and -β were obtained from Sigma
Chemical Industries, Ltd. (St. Louis, MO, U.S.A.).
Nonylphenol was obtained from Aldrich Chemical
Company Inc. (Tokyo, Japan). Bisphenol A and
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tebufenozide were obtained from Wako Pure Chemi-
cal Industries, Ltd. (Tokyo, Japan). Methoprene was
obtained from Labor Dr. Ehrenstorfer, Augsburg,
Germany. All chemical compounds were dissolved
in dimethyl sulfoxide (DMSO, Wako Pure Chemi-
cal Industries) in order to prepare the test solutions.
Acute Toxicity Test —–—

Americamysis bahia: Mysids (Chesapeake Cul-
tures, Inc., Virginia, U.S.A.) were originally obtained
from the Japan Pulp and Paper Research Institute,
Inc. (Tsukuba, Japan), and a breeding stock of these
mysids has been maintained at our laboratory. The
culture originated at the U.S. EPA, Gulf Breeze,
Florida, U.S.A. An acute toxicity test was performed
according to a procedure of the U.S. EPA using 24-
hr-old larvae.8) A. bahia were tested in 300 ml glass
beakers containing 200 ml test solution. The salin-
ity of the test solution was 25‰. Testing was per-
formed in a climate chamber at 25 ± 1°C and with a
16 : 8 hr light : dark photoperiod. All chemicals were
dissolved in DMSO as the carrier solvent. In addi-
tion, we established a control group maintained in
artificial seawater only and also a solvent control
group maintained in 0.1% DMSO for the duration
of the test. The test solution in each chamber was
renewed daily during the experimental period. A.
bahia were fed twice daily with Artemia nauplii
(< 24 hr after hatching) at approximately 100 nau-
plii per mysid. The criteria for death were no visible
movement and no visible response to stimuli with a
dropper. Acute effects are reported as LC50 values
calculated by probit analysis in daily observations
on mortality for the exposure period (i.e., 48 hr and
96 hr LC50).

Daphnia magna: Daphtoxkit F magna (Creasel
BVBA; Deinze, Belgium), were also subjected to
the acute toxicity assay. The acute immobilization

tests were performed using a commercial test kit
according to the manufacturer’s instructions, which
adheres fully to OECD Guideline 202. The 24 hr and
48 hr LC50 for the test chemicals were determined
based on the immobilization of D. magna.

RESULTS AND DISCUSSION

There is growing concern that EDs, such as es-
tradiol-17β, nonylphenol and bisphenol A, may af-
fect several physiological systems, development,
growth and reproduction of all organisms in the eco-
system. In this study, we assessed and compared the
acute toxicity of these EDs against the two crusta-
ceans, A. bahia and D. magna.

Control survival was ≥ 90% for both bioassays,
and remained within the guidelines established by
the U.S. EPA. The 48 hr and/or 96 hr LC50 of the
chemicals to A. bahia and D. magna are summa-
rized in Table 1. The 48 hr LC50 values of ecdysone-
α and -β were > 1 mg/l in D. magna and A. bahia,
respectively, tebufenozide and ponasterone A 48 hr
LC50 values were > 10 and 5 mg/l, respectively, while
the juvenile hormone analog (JHA) methoprene,
48 hr LC50 was 0.3 mg/l in A. bahia. On the other
hand, in D. magna, the 48 hr LC50 of methoprene
was 1.04 mg/l. These results suggest that
ecdysteroids, ecdysteroidal activity insecticides and
JHA analog were not toxic against A. bahia and D.
magna at the concentrations tested in this study.
However, Baldwin et al. demonstrated that 20-
hydroxyecdysone elicited no significant effect on
molting frequency in D. magna, and its significant
effects on reproduction were only at concentrations
(260 nM) associated with premature death caused
by incomplete ecdysis. Ponasterone A also elicited

Table 1. Effects of Endocrine Disrupters on Viability of A. bahia and D. magna

Chemical D. magna A. bahia

48 hr-LC50 (mg/l) 48 hr-LC50 (mg/l) 96 hr-LC50 (mg/l)

Estradiol-17β 2.97 (2.76–4.11) 1.69 (1.37–2.25) 0.89 (0.71–1.13)

Bisphenol A 12.8 (11.57–14.37) 1.34 (1.09–1.67) 1.03 (0.83–1.33)

Nonylphenol 0.18 (0.15–0.22) 0.051 (0.042–0.063) 0.045 (0.037–0.057)

Methoprene 1.04 (0.89–1.18) 0.30 (0.25–0.35) 0.23 (0.21–0.26)

Ecdysone-α > 1 > 1 > 1

Ecdysone-β > 1 > 1 > 1

Tebufenozide > 10 > 10 > 10

Ponasterone A > 5 > 5 > 5

Values in parenthesis mean 95% confidence limits.
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effects similar to those of 20-hydroxyecdysone at
approximately 10-fold lower concentrations.9) There-
fore, in the future, the effects of ecdysteroids,
ecdysteroidal activity insecticide and JHA on the
molting and/or reproduction of A. bahia must be
assessed. Olmstead and LeBlanc reported that the
insecticidal JHA methoprene mimics the action of
the crustacean juvenoid hormone methyl farnesoate,
resulting in inappropriate production of male off-
spring in D. magna.10,11) They also demonstrated that
methoprene had significant toxicity against endo-
crine-related processes in the 5–50 nM (1.6–16 µg/l)
concentration range, and that molting and reproduc-
tion were affected at significantly lower methoprene
concentrations, with a distinct concentration re-
sponse and a threshold of < 0.2 nM (62.1 ng/l).10,11)

Those results indicated that the JHA methoprene has
the potential to interfere with metabolism or clear-
ance of the hormone by competitively binding to the
enzyme or active transporters that modulate activity
or levels of the hormone. In the present study,
ecdysteroids, ecdysteroidal activity insecticide and
JHA did not have extensive toxic effects. Although
these chemicals have the potential for cause adverse
effects during chronic exposure tests, other end-
points, such as growth, reproduction or molting, are
required in order to estimate the toxicological and/
or endocrine disrupting effects on A. bahia in the
future.

Bisphenol A had the lowest toxicity to D. ma-
gna, the 48 hr LC50 values was 12.8 mg/l. However,
the toxic sensitivity of A. bahia to bisphenol A was
approximately 10-fold higher than for D. magna
(48 hr LC50; 1.34 mg/l). The 48 hr LC50 of estradiol-
17β was 2.97 and 1.69 mg/l in D. magna and A.
bahia, respectively. Nonylphenol had the highest
lethal toxicity against both A. bahia (48 hr LC50;
0.051 mg/l) and D. magna (48 hr LC50; 0.18 mg/l).
Yokota et al. indicated that hatchability in flow-
through exposure of medaka Oryzias latipes to
183 µg/l 4-nonylphenol was significantly de-
creased.12) Gray and Metcalfe also reported that the
embryo-larval LC50 of p-nonylphenol for medaka
using a static assay was 460 µg/l.13) Our results sug-
gest that different toxic mechanisms of nonylphenol
may be observed between invertebrates and fish.
Therefore, A. bahia may be potentially sensitive to
EDs such as nonylphenol, in many cases at levels
that are likely to occur in the environment. The acute
toxicity of nonylphenol has been previously assessed
using invertebrates, such as daphnia (D. magna and

Ceriodaphnia dubia),14–16) mysids (Mysidopsis
capricornutum and Mysidopsis bahia),17) am amphi-
pod (Hyalella azteca),18) sandworms, univalve shells,
and odonates.19) The nonylphenol 96 hr LC50 values
determined in those studies range from 43 to
774 µg/l, with mysid shrimp again reacting to the
lowest levels among those invertebrates. The no-
observed-effect concentration (NOEC) of 4-
nonylphenol in mysid shrimp has been estimated to
be 18 µg/l. In the present study, the 96 hr LC50 of
nonylphenol in A. bahia was 45 µg/l, while the
NOEC ranged from 12.5 to 25 µg/l (Fig. 1). These
toxicity profiles are similar to those determined in
previous studies. Our results suggest a difference in
the susceptibility of D. magna and A. bahia to le-
thally toxic chemical compounds. Moreover, the
toxic sensitivity of A. bahia to all chemicals tested
was higher than that of D. magna.

In the present study, A. bahia was shown to have
high sensitively, in an acute toxicity test, to envi-
ronmental xenobiotic chemicals, whereas natural
hormones had low toxicity. Furthermore, A. bahia
was more sensitive to the toxicity of all chemicals
tested than D. magna. Presently, a popular aquatic
invertebrate test organism for ecological risk assess-

Fig. 1. Effect of Nonylphenol on Viability of D. magna (A) and
A. bahia (B)
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ment by the OECD and Japan is the daphnid D.
magna. However, the common freshwater test crus-
tacean, D. magna, reproduces primarily by asexual
means. Thus, the effects of toxicants on genetic re-
combination cannot be fully assessed as they can
using mysids. The present results suggest that A.
bahia is a more suitable toxicity test organism for
EDs than D. magna because of the higher sensitiv-
ity to the toxicological effect. Thus other endpoints,
such as growth, reproduction and molting, need to
be assessed in the future.
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