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Abstract. Bisphenol A (BPA) is one of the most used additives in the production of many plastic
products and may be released into the environment by commonly used products, such as food
containers and polycarbonate bottles. BPA is recognized as an endocrine disruptor able to produce
adverse effects on the reproduction system of benthonic and pelagic species. Polychaetes of the
genus Ophryotrocha are small worms living amongst the interstitial fauna in nutrient-rich and pol-
luted habitats. Owing to easy rearing in the laboratory and short generation times, this species is a
useful model organism for studying different biological aspects. This study describes the effects of
different BPA concentrations on egg production in Ophryotrocha diadema. We tested six different
concentrations of BPA in a 5-week experiment. Strong negative correlation between BPA concentra-
tions and the number of eggs produced was found. The #-test revealed a significant reduction in egg
production after exposure to BPA concentrations over 1461.1 pg/L. The latter concentration value
is higher than that observed in the marine environment, although for many species of crustaceans,
echinoderms and isopods, the impairment of reproductive function was observed even at much

lower BPA concentrations.

INTRODUCTION

Bisphenol A (BPA) is an important synthetic compound
used as an additive in the production of polycarbonate
plastics, epoxy resins, phenol resins, polyesters and
polyacrylates. It is estimated that the global consump-
tion of BPA was 7.7 million tons in 2015 and 8 million
tons in 2016, and its production is expected to reach
10.6 million tons in 2022 (PlasticEurope 2016). A wide
range of common use products contain BPA, includ-
ing food packaging materials, water and baby bottles,
toys, internal coatings of cans and drums, water pipes,
medical and dental devices, and household electronics
(Diamanti-Kandarakis et al. 2009).

The main source of BPA in the environment is repre-
sented by wastewater from industrial and municipal
treatment plants, where this compound was found at
concentrations ranging from 59 to 370 pg/L (Fukazawa
etal. 2002). In a study conducted in 10 different landfill
leachate sites in Japan, Yamamoto et al. (2001) reported
very high levels of BPA reaching values of 5.400 pg/L
and 17.200 pg/L (Flint et al. 2012). In the Naples Gulf
and at the mouth of the Tiber River (south Italy), BPA
has been found in concentrations ranging from 0.98
to 26 ppm; in two of their most important commercial
fish species the percentages of fish found to be BPA-

polluted ranged from 60% (for bass) to 90% (for mullet)
in Latium sea area (Mita et al. 2011).

BPA is a 17b-estradiol homolog and has been recog-
nized as an endocrine-disrupting chemical (EDCs) able
to impact several functions related to reproduction and
sexuality. In the terrestrial isopod Porcellio scaber (La-
treille, 1804), for example, BPA has been shown to harm
female reproductive allocation by increasing abortion
rates (Lemos et al. 2010). Moreover, in zebrafish, males
treated with BPA showed an anomalous development
of male gonads, a decrease of serum androgen levels
and the number of sperms, an increase of motility in
the epididymis, apoptosis and sperm DNA damage
(Wintgens et al. 2003; Meeker et al. 2009; Chen et al.
2015; Karnam et al. 2015; Zhuang et al. 2015; Xie et al.
2016; Zhang et al. 2016). Finally, in mice, exposure to
BPA decreased fertility and fecundity rates (Cabaton et
al.2011), inducing an earlier onset of puberty in female
offspring (Durando et al. 2006).

In the present study, we aimed to evaluate in a 5-week
exposure experiment the effects of six different concen-
trations of BPA on the reproduction of Ophryotrocha
diadema (O. diadema), a hermaphrodite marine poly-
chaete. The choice to analyze the effects of BPA on
this organism is due to the fact that it is a small worm
living in interstitial habitats in nutrient-rich and polluted
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waters, such as harbours. For this reason, it is plausible
that this species may have evolved genetic mechanisms
able to provide greater resistance to pollutants. There-
fore, the eventual negative effects on the reproductive
capacity observed in this polychaete could be ampli-
fied in other organisms living in less anthropized areas
and that, consequently, are less adapted to polluted
environments.

Moreover, due to easy rearing in the laboratory and
short generation times, several of about 40 polychaetes
species currently described are model organisms for
studying different biological aspects, including repro-
ductive biology. Indeed, the life cycle of this polychacte
lasts several weeks, and the reproductive rates may be
very high, allowing a rapid population response to any
changes in the environment, including the increase of
pollutants concentration (Cannarsa et al. 2015).

MATERIALS AND METHODS

The outcrossing polychaete O. diadema lives among
the organic sediments of fouling fauna of harbours, in
low-density populations (about 1 individual per 300 m?)
(Sella and Cristina Lorenzi 2000). Polychaete worms
were found in clusters of mussels in nutrient-rich waters
of harbours. The sampling was carried out along the
coast of Porto Empedocle (Sicily, Italy; 37°17°04.0”N;
13°31°42.7”E) during the summer 2017. In Figure 1, two
adult specimens of O. diadema sampled in the area of
Porto Empedocle are shown. The life cycle of O. dia-
dema is represented by a brief male phase that precedes
the simultaneous hermaphroditic phase. Mating occurs
preferentially between simultaneous hermaphrodites
after a lengthy courtship and is achieved by external

fertilization in which partners maintain close physical
association prior to the synchronous release of gametes
(Lorenzi and Sella 2008). In isolated pairs, partners
regularly alternate sexual roles by taking turns at laying
a cocoon of 20-25 eggs every 2 days on average. Nine
days after egg laying, offspring are released from the
cocoon as small 4-segment individuals, soon ready to
produce their first sperm. When worms reach a body
length of 14-17 segments they become simultaneous
hermaphrodites: they produce sperm in the fourth
and fifth segment and eggs in the following segments
(Lorenzi and Sella 2008).

BPA (Sigma-Aldrich, Milan, Italy) was initially dis-
solved in water at a concentration of 1 mM and succes-
sively diluted in order to reach the final used concentra-
tions. In a five-week experiment, we tested six different
concentrations of BPA, including the concentrations
range observed in wastewater from industrial and mu-
nicipal treatment plants (Fukazawa et al. 2002): 0.2 uM
(45.7 pg/L), 0.4 uM (91.3 pg/L), 0.8 uM (182.6 pg/L),
1.6 uM (365.3 pg/L), 3.2 uM (730.5 pg/L) and 6.4 uM
(1461.1 pg/L).

Each BPA concentration was tested on a total sample of
30 adult individuals (at least 14 segments) distributed
in 3 trays containing 10 individuals, 20 mL of artificial
saline water (ASW) at 35%o of salinity and specific
concentration of BPA. Three trays containing only pure
ASW were used as control. We replaced water and treat-
ments every two days in order to reduce the presence
of catabolites and to maintain high oxygenation and
constant salinity. At the end of each week, we calcu-
lated the mortality rate and counted the total number of
eggs laid in each tray and the number of eggs laid per
individual. Successively, the eggs were removed. At
the end of the experiment, after 5 weeks, the average of

Figure 1. Two adults of Ophryotrocha diadema with 2 egg masses attached to the ends.
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total eggs produced per individual after different BPA
concentrations was calculated.

A Shapiro-Wilk test was performed to assess the nor-
mality of data distribution. Since the value was non-
significant (p = 0.14), we proceeded with parametric
tests. Therefore, we used two-way ANOVA and #-test
with Bonferroni correction to analyze differences in the
reproductive parameters among treatments. In addition,
a linear regression was performed in order to evaluate
any correlation between the BPA concentrations and
the number of laid eggs. All statistical calculations were
carried out using the SPSS software package program
(version 25.0; SPSS, Inc., Chicago, Illinois, USA). All
P-values were two-tailed, and P-values of 5% or less
were considered statistically significant for all tests
carried out.

RESULTS

The average eggs/individual observed after 5 weeks of
BPA treatment ranged from 22.3 for controls to 3.3 for
the highest BPA concentration of 6.4 uM. As regards
the intermediate concentrations, the average number of
eggs/individual was 8.9, 10.6, 18.9, 18.5 and 25.8 for

3.2uM, 1.6 uM, 0.8 uM, 0.4 uM and 0.2 pM concentra-
tions, respectively (Table 1).

The correlation analyses showed a strong negative
linear correlation between the BPA concentrations
and the number of eggs laid (R? = 0.817; p < 0.001)
(Figure 2).

The ANOVA test indicated a significant difference in
the variance of laid eggs, which averaged over 5 weeks
at various concentrations (p = 0.004). The differences
observed between the averages of the treatments and
controls were significant only for the 6.4 uM BPA
concentrations (1461.1 pg/L) (p = 0.02, t-test with
Bonferroni correction) (Table 1).

DISCUSSION

In the present study, we analyzed the effects of differ-
ent BPA concentrations on the reproduction pattern of
the polychaete Ophryotrocha diadema. Given its high
reproduction rate and short cycle life, this worm repre-
sents a useful model in order to evaluate the effect of
environmental xenobiotics on the reproduction pattern
(Lorenzi and Sella 2008).

Table 1. Statistical applications on the number of eggs produced in relation to BPA concentration. All p-values in bold are

statistically significant.

BPA concentrations (uM) Control 0.2 0.4 0.8 1.6 32 6.4 -
Statistical
Average Eggs/Individual 22.30 25.80 18.50 18.90 10.60 8.90 330 | significant
differences
Standard Deviation 13.12 7.69 9.66 3.81 3.67 1.81 1.16 (ANOVA)
p-value (t-test) 0.44 0.97 0.79 0.18 0.06 0.02 | 0004
Linear Correlation: R? =0.817 p<0.001 fix)=-3.163x+21.16
30.0
25.0
& 200
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Figure 2. Regression analysis between different BPA concentrations and the number of laid eggs in O. diadema (R*> = 0.817,

»<0.001).
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As observed for Daphnia magna, a small planktonic
cladoceran crustacean (Rehse et al. 2018), also for
Ophryotrocha diadema, BPA was found to affect the
reproduction rate in a typical dose-dependent manner.
However, we found a negative effect of BPA on fertility
at concentrations above 6.4 pM (1461.1 ng/L) (Table 1),
concentrations that are difficult to reach in marine environ-
ments (Careghini et al. 2015) but can be found in inland
waters located in the vicinities of industrial zones or highly
chemically contaminated areas (Fent et al. 2003).

Besides, many types of EDCs, such as phthalates,
parabens and BPA, have a very short half-life and can
last only hours. This constitutes a limit to the precise
estimate of exposure to pesticides and other substances
(Isobe et al. 2007). Several authors have reported a
similar effect on the reproduction patterns in other ma-
rine organisms, although at lower concentrations. For
instance, Henrick et al. (1999) found inhibition of the
development of larvae of the marine copepod Acartia
tonsa exposed to concentrations of 100 pg/L of BPA.
The same authors also observed a high mortality and
the reduction of egg production at concentrations of
300 pg/L (Henrick et al. 1999). Moreover, the concen-
tration of 300 pg/L BPA was found to induce reduction
in fertilization success of the sperms of the sea urchin
Paracentrotus lividus (Ozlem and Hatice 2008).

The fact that O. diadema is commonly found in highly
degraded environments could possibly explain its lower
susceptibility to environmental pollution. It principally
lives amongst the interstitial fauna in nutrient-rich and pol-
luted habitats and, consequently, may have evolved genetic
mechanisms able to provide greater resistance to pollut-
ants. This could explain its occurrence in the sampling
area (Porto Empedocle, Sicily), which is one of the main
harbours in the southern Mediterranean Sea and therefore
deeply impacted by merchant and ferry routes.

Finally, it should be emphasized that the accumulation
effects caused by endocrine disruptors could also have
long-term consequences. For example, in Crassostrea
angulata oysters, approximately 160 times more BPA
have been found accumulated in the gonads of males and
females after exposure to 2 mg/L of BPA compared to
controls (Luo et al. 2017). Consequences of this bioac-
cumulation, at individual and species level, could also
be relevant considering that BPA has been recognized
to induce a different expression of genes encoding
important proteins such as vitellogenin, periostin and
phosphoglucomutase, which are involved in energy
metabolism, oxidative stress and regulation of gene
transcription (Luo et al. 2017). Moreover, endocrine
disruptor compounds were also found to induce a mu-
tational state called “super-feminization”, as observed
in the ramshorn snails after exposure to 1-100 ug/L of
BPA. A super-female of ramshorn snail is characterized

by the addition of sex organs, malformations of the pal-
lial oviduct, enhanced egg production outside the main
spawning season, enlarged accessory sex glands and
increase of female mortality (Oehlmann et al. 2009).

With this study, we provided evidence for a possible
impact of the endocrine disruptor BPA on the repro-
duction rate of the polychaete O. diadema. We found
a strong negative linear correlation between the BPA
concentrations and the number of laid eggs, although
significant effects were observed only at the higher
concentrations of 1461.1 ug/L (6.4 uM).

These data alone do not seem to cause particular concern.
However, it should be emphasized that in the last dec-
ades, global production of plastic has continued to rise
and, consequently, millions of tons of plastic compounds
continue to accumulate in the environment. Most of
these compounds are reported to be endocrine disrup-
tors, mimicking or blocking natural hormone action and
altering the normal functioning of the endocrine system of
invertebrate and mammal species (Damstra et al. 2002).
In this scenario, considering the potential population
and evolutionary implications, the cumulative effects on
the reproduction rate of exposure to different disruptors
should be analyzed at different levels of the biome.
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