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Abstract

Protandrous black porgy fish, Acanthopagrus schlegeli, have a striking life cycle with a
mono-male sex differentiation at the juvenile stage and male-to-female sex change at 3 years
of age. Male sex differentiation occurred at 4 - Smonths of age, while bisexual gonad
(ovotestis) exists till sex change. This sex pattern provides an excellent model for studying the
molecular mechanism of sex differentiation and sex change in fish. Our data demonstrated the
dual roles of cypl9ala in testicular development during early sexual differentiation as well as
in ovarian development during the later natural sex change and also the importance of Sf-1 for
the early male sex differentiation, wn#4 in the early ovarian development, and foxI2/cypi19a in
the late ovarian growth in black porgy. Sf-1 and dax-1 showed a cooperative function for the
testicular development and an antagonistic interaction for oocyte development. Plasma
luteinizing hormone (LH) is closely associated with the development of male phase. Estradiol
(E2, 6 mg/kg feed) administration in juvenile fish resulted in complete suppression of
testicular development and induced sex change (from undifferentiated gonad to female gonad).
The E2 treatment resulted in induced-sex change in juvenile fish, with Dmrt1, dax-1, and Sf-1
transcripts being decreased during the period of E2-administration. Higher gonadal aromatase
activity was observed in the E2 group as compared to control. Induced sex change was
followed by a natural reversible sex change with the withdrawal of E2-adminstration. Plasma

LH levels were higher in the E2-terminated group during the period of reversible sex change.
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The expression of sex steroid receptors (androgen [ar] and estrogen [esr] and esr2a]
receptors) and other related genes (Sf-1, dax-1, star, cypllal, hsd3bl, cypl7al and cyp19alb)
in black porgy brain indicated the presence of the requisite machinery required for de novo
synthesis of E2. A synchronous peaked expression of star, the key neurosteroidogenic enzyme
genes (cypllal, hsd3bl, cypl7al and cypl9alb) and estrogen receptors at 4 months of age
indicate that black porgy brain may synthesize and respond to E2. Brain aromatase activity
and estradiol levels also increased significantly in forebrain and hypothalamus, respectively,
at 4-months of age. sf-1 showed no significant increase in expression till 4-months of age. On
the other hand, dax-1 exhibited a significant decrease in expression with advancement in age,
especially at 4 months compared to 2 months of age. It remains plausible that dax-1 exerts a
repressive function for a subset of sf-/ regulated genes (star and cypl9alb) that somehow
regulate the timing of peak steroidogenesis and hence brain sex differentiation. Testicular
regression was shown to be important for the initiation of ovarian development in the bisexual
gonad. The successful induction of an early sex change in the testis-excised fish suggests that
testicular tissue may exert some inhibitory effects on the advanced ovarian (vitellogenic)
development in bisexual gonad. Our results provide new insight into the development of

advanced oocytes during sex differentiation and sex change in black porgy.

1. Introduction

Teleosts exhibit diverse mechanism for sex differentiation and development, which are
complex and multi-level phenomena. A coordinated interplay of signals is required to regulate
the proliferation, differentiation, development and organization of the reproductive tissues.
Sex differentiation, formation of a functional testis or ovary from a bipotential gonad, in
lower vertebrates including fish is labile and sensitive to the external environment and in
many cases a high degree of plasticity of phenotypic sex persists throughout the whole life
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span. In fish, a combination of genetic and environmental factors determines sex. Although
studies identified several genes essential for early gonadal development in mammals, the
exact roles of these genes remain to be elucidated (Swain and Lovell-Badge, 1997; Koopman,
2001). SRY/Sry is considered to act as a switch to initiate the transcription of a cascade of
other genes, which contribute to testicular development in mammals (Gubbay et al., 1990). In
fish, however, Sry or its equivalent gene has not been found except the putative
testis-determining factor, dmy gene, in the medaka, Oryzias latipes (Matsuda et al., 2002).
Genes containing a DM domain (Dmrtl, DM-related transcription factor 1, a
[Double-sex~-Mab-3]-domain gene) are involved in sex determination in both vertebrates and
invertebrates (Raymond et al., 1998), which is a unique conservation of function between
phyla, not seen in any other gene involved in sex determination.

Sex development in fish could be divided into gonochorism and hermaphroditism. A
species is defined as hermaphrodite when substantial proportion of individuals in a population
function as both sexes, either at the same time (synchronous hermaphrodite) or at different
times (sequential hermaphrodites i.e., protogyny (in which some or all individuals function
first as females and later in life function exclusively as males such as in grouper) and
protandry (sex change is from male to female (such as black porgy). The gonads of sequential
hermaphrodites possess the genetic information to produce both male and female reproductive
organs, but only the dominant gene is expressed at any give time. Different cues — varying
from species to species — may induce sex changes. Thus, hermaphroditic fishes form unique
models to study sex differentiation and sex change. Natural sex change occurs as a
spontaneous phenomenon in many teleosts (Bruslé-Sicard and Fourcault, 1997). But, the
underlying molecular mechanism of sex change is still unclear in hermaphrodite species.

The regulation of sexual differentiation and sex change processes involves coordinated
interactions between the genetic and hormonal. The number of genes known to be involved in

15



sexual differentiation and sex change in teleosts is increasing. Steroid hormones mediate both
the natural and induced sex change in teleosts. During the critical period of differentiation,
treatments with exogenous sex hormones often induce sex reversal (Yamamoto, 1969; Hunter
and Donaldson, 1983). Consequently, endogenous androgens and estrogens have been
assumed to act as the natural inducers of testicular and ovarian differentiation, respectively.
The hormonal balance between estrogens and androgens appears to be crucial in the process
of sexual differentiation in developing fish. This balance relies on the availability and activity
of the steroid synthesizing enzymes, and in particular on the cytochrome P450 aromatase
complex (P450arom; also called estrogen synthase). From studies in mammals, it is known
that sex steroids play a key role in the sexual differentiation of the brain, thereby influencing
all aspects of reproduction, from gonadal sexual development to sexual behaviour (Balthazart
and Ball, 1998). Nevertheless, the mechanism of action of exogenous hormones and the role
of endogenous sex hormones in sex differentiation and sex change remains unclear.

Black porgy, Acanthopagrus schlegeli (Bleeker, 1854), a marine protandrous
monogynous hermaphroditic sparid fish characterized by the presence of bisexual gonads
(ovotestis), with only one type of female (monogynous i.e., secondary females are only
derived from male sex change) and a natural male to female sex change occurring at around
2-3 years old was chosen to analyze the role of differential expression of gene transcripts and

steroid levels in sex differentiation and sex change.

2. Morphological changes in gonad during sex development in black porgy

Black porgy, A. schlegeli has a multiple spawning pattern and can tolerate very wide
ranges of salinity (euryhaline fish). The spawning period lasts from late winter to early spring
(January to March). Fish are functional males for the first two years of life but begin to
sexually reverse to females during the third year (Chang et al., 1994; Chang and Yueh,
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1990). This sex pattern provides a very good model to study the mechanism of sex
development in fish. About 30-50% of three-year-old black porgy will change to females.
There is no significant difference in the body size and length between three year- old males
and females in black porgy. However, three-year-old females have a larger body size than
two-year-old males. Therefore, a size-advantage model (Iwasa, 1991) is likely to explain the
evolutional force for the sexual development in the protandrous black porgy. Size difference
was also observed in the protandrous Rhabdosargus sarba (Yeung and Chan, 1987).

The development of a bisexual gonad is a dynamic process that depends on season and
age. Bisexual gonad with testicular and ovarian tissue (with the appearance of oogonia and
primary oocytes in around the central cavity of ovarian tissue) separated by connective tissues
was found in black porgy before sex change. Undifferentiated gonad tissue with early germ
cell was observed in 3 month-old fish. Central cavity (ovarian cavity) with oogonia appeared
in gonad of juvenile fish at 4-5 months of age. Blood vessel organization was clearly observed
at the side of the ovarian cavity. Putative ovarian tissue developed from the inner side of
central cavity while putative testicular tissue appeared in the distal part of the central cavity.
The connective tissue was at the outer side of the ovarian tissue, and it separated the ovarian
and testicular tissues at later stage of development (Lee et al., 2008). Spermatogonia were
observed in 5-month-old fish. Lobular testicular tissue with late spermatogonia and
spermatocytes appeared at 6-to7-months-of age. Active spermatogenesis was observed at 8- to
11-months and mature sperms were found during the spawning period (11-12 month-old).
Ovarian tissue formed a very small portion in the bisexual gonad in 0+- to 1-yr-old fish only
with few primary oocytes in central cavity of the bisexual gonad (Lee et al., 2008; Wu et al.,
2008a,b).

During the first and second spawning season, the testicular tissue was dominant with
only a few primary oocytes, which made the fish functional males. Gonadal histology
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revealed that the ovarian portion of gonad increased together with the regression of testicular
tissue during the post-spawning season, resulting in the ovarian tissue forming the dominant
tissue in the bisexual gonad during the non-spawning period in 1*-yr-old fish. Testicular tissue
regenerated together with the reduction in ovarian tissue during late non-spawning season.
Testicular tissue became the main tissue in bisexual gonad during the pre-spawning season
and further developed to a functional testis during the second spawning season. Similarly, the
ovarian portion of the gonad increased with the regression of testicular tissue during the
post-spawning period and ovarian tissue maintained dominance in the bisexual gonad during
the non-spawning period in 2*-yr-old fish. Ovarian tissue further developed to female function
(natural sex change) during the third spawning season. Thus, the changes occurring in gonad
tissue during the process of natural sex change are from a “bisexual gonad” to “full ovarian
gonad” with primary oocytes and regressed testicular tissue, and then finally to an “advanced
(vitellogenic) ovary” (Lee et al., 2008). Vitellogenic oocytes did not appear in the ovary until
the complete regression of testicular tissue. The development of vitellogenic oocytes is an
important and critical event for the success of natural sex change. It seems that some
unknown signals are lacking, which let the fish remain in the male phase in the first two years
of life even though the ovarian tissue tends to further develop in a larger proportion than
testicular tissue during the nonspawning season. Similar findings on the gonadal profiles were
also observed in protandrous Rhabdosargus sarba, Sparus aurata and yellowfin bream,

Acanthopagrus australis (Pollock, 1985; Yeung and Chan, 1987).

3. Gene Profiles during Sex Differentiation and sex change in black porgy

The gonad is unique among all organs because of its bipotential nature. Testicular and
ovarian organogenesis involves a pathway of developmental genes, which are differentially
regulated in males and females. The number of other genes known to be involved in sexual
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differentiation in mammals is increasing. On the other hand only a few of these genes have
been identified in fish. The functions of these genes have not been fully elucidated in fish and
both conserved and divergent functions between mammals and fish have been suggested. The
changes in the profiles of certain genes involved in sex development were analyzed in black
porgy.

Sex differentiation: Histological analysis showed that gonad sex differentiation occurred
at the age of 4 - 5 months in black porgy (Wu et al., 2008a,b; Lee et al., 2008). Numerous
studies have established the fact that sex steroids play important role in the process of sex
differentiation in fish (Guiguen et al., 1999). Aromatase, the key enzyme that converts
testosterone to estrogen, has been reported to be involved in ovarian differentiation in all fish
species investigated (Guiguen et al., 1999; Kitano et al., 2000). Teleosts are characterized by
the fact that they possess two aromatase genes, cyp/9ala, mainly expressed in the gonads,
and cyp19alb, mainly expressed in the brain (Tchoudakova et al., 1998; Chiang et al., 2001;
Kwon et al., 2001; Valle et al., 2002). A second brain aromatase gene (cyp!9albll) has been
found in rainbow trout Oncorhynchus mykiss (Dall Valle et al., 2005). cypl9ala transcripts
levels and Cyp19ala protein are significantly higher in undifferentiated gonads as compared
to early male differentiated gonads in black porgy (Wu et al., 2008 a,b). Gonad dmrtl
transcripts, a differentiated testis-specific gene in some teleosts including black porgy (Wu et
al., 2008a) was differentially expressed in the gonad tissue of black porgy at 4- 5-months of
age. Gonadal dmrtl transcripts increased significantly in the differentiated gonad as compared
undifferentiated gonad. Treating birds with the aromatase inhibitor fadrozole lead to elevated
Dmrtl levels indicating that Dmrtl may be down regulated by aromatase (Smith et al. 2003).
This indicates that dmrt! may have an important role in testis determination in teleosts, since
alteration of aromatase levels during sex differentiation can cause sex reversals.

The orphan nuclear factors, Sf-I (steroidogenic factor 1; or adrenal 4 binding proten,
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Ad4BP) and dax-I (dosage-sensitive sex reversal, adrenal hypoplasia congenital critical
region on the X-chromosome, gene 1), has been implied as an important factor for
steroidogenesis and sex differentiation in animals (Ikeda et al., 1993; 1994, Zazopoulos et al.,
1997; Lalli et al., 1998; Wang et al., 2001). Sf-1 expression was low in the undifferentiated
gonad but increased significantly during testicular sex differentiation in black porgy. dax-1
was not significantly expressed during early male sex differentiation in black porgy but it
increased in the differentiated gonad. dax-1 is probably more important in the testicular
spermatogenesis and development than sex differentiation in black porgy. dax-1 is reported to
regulate the expression of multiple steroidogenic enzymes in mice (Lalli et al., 1998; Wang et
al., 2001; Zazopoulos et al., 1997) and also suppress Sf-/ mediated cypl9a expression in
medaka (Nakamoto et al., 2007). Sf-I expression was high in testicular tissue than in ovarian
tissue during sex differentiation in rat (Hatano et al., 1994), pig (Pilon et al., 1998) and turtle
(Fleming et al., 1999) while it was high in the differentiating ovary compared to testicular
gonad in chicken (Smith et al., 1999), American alligator (Western et al., 2000) and American
bullfrog (Mayer et al., 2002). dax-1 was expressed at higher levels in male than in female
gonad of frog (Sugita et al., 2001) but higher in females in chicken during late gonadal
development (Smith et al., 2000). No sex difference in the expression of dax-1 during gonadal
differentiation was found in tilapia (Smith et al., 2000), American alligator (Western et al.,
2000), and sea turtle (Torres Maldonado et al., 2002). The expression of cyplib2, the key
steroidogenic enzyme for the production of 11-ketotestosterone, was also positively correlated
to the expression of dax-1. It is suggested that Sf-/ and dax-I may cooperatively and
positively regulate cyp11b2 enzyme expression in the testis of black porgy. Sf-1 may also act
at the cypl9a promoter and enhances cypl9a expression in fish (Tchoudakova et al., 2001).
Low and constant levels of wnt-4 expression together with gradually increased but still low
levels of figar expression were also found in the gonad from 4- 6-month-age periods. No
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significant changes of fox/2 expression were observed during sex differentiation in black
porgy.

Sexual differentiation of brain structures and the role of way sex steroids in
differentiation is an active research area. In all vertebrates, steroid hormones participate in the
development/organization of brain areas important in the production of sex-specific
reproductive behaviors. Perinatal exposure to estrogens in mammals and birds is also known
to permanently affect neuronal/glial morphology and brain function in males (Arnold and
Gorski, 1984), and sex differences in the brain also arise from aromatization during a critical
developmental window (Morris et al., 2004). The expression of sex steroid receptors
(androgen receptor (ar), estrogen receptor alpha (esr/) and estrogen receptor beta (esr2a))
receptors) and other related genes (Sf-1, dax-1, star, cypllal, hsd3bl, cypl7al and cypl19alb)
in black porgy brain indicated that black porgy brain possesses the requisite machinery
required for the de novo synthesis of E2. A synchronous peaked expression of star, the key
neurosteroidogenic enzyme genes (cypllal, hsd3bl, cypl7al and cypl9alb) and esrs at 4
months of age in brain of black porgy indicate that they may synthesize and respond to E2
(Tomy et al 2007; 2009). Sf-1 showed no significant increase in expression till 4-months of
age. On the other hand, dax-1 exhibited a significant decrease in expression with
advancement in age, especially at 4 months compared to 2 months of. It remains plausible that
dax-1 exerts a repressive function for a subset of Sf-/ -regulated genes (star and cyp19alb)
that somehow regulate the timing of peak steroidogenesis and hence brain sex differentiation
(Tomy et al., 2009). Brain aromatase activity and E2 levels also increased significantly in
forebrain and hypothalamus, respectively, at 4-months of age (Tomy et al., 2007; 2009). The
biological significance for elevated aromatase levels, and thus the high production of neural
estrogens in teleosts, is still unresolved. The increases in the expression of the genes involved
in the estrogen biosynthesis (cyp/9alb) and sex steroid signaling (sex steroid receptors) at
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4-months of age are in agreement with the central importance of sex steroids as positive
feedback regulators of the HPG axis in fish. The early expression of the genes, concurrent to
gonadal sexual differentiation, provide evidence that these genes are functional during early
postnatal development and sex differentiation, and have distinct contribution to different

aspects of sex hormone-dependent brain differentiation.

Sex change: The ovarian portion of the gonad increases in size significantly during the
post-spawning season, further developing into a full ovary during the third spawning season
in naturally sex-changed fish. esrl, ar, Sf-1, dax-1 and cypl1b2 transcripts were significantly
higher in bisexual testis than bisexual ovary in 1+ and 2+-year-old fish. In contrast, increased
ER alpha transcripts were detected in the bisexual ovary and sex-changed ovary of 3-year-old
fish as compared to those in bisexual ovary of 1-and 2-year-old fish. On the other hand,
ovarian Sf-1 transcripts were low in 17- and 2*-yr-old fish and became high in the vitellogenic
ovary of 3-year-old sex changed female. In contrast, dax-1 transcripts were high in ovarian
tissue in 1+-yr-old male and then dramatically decreased to low levels in ovarian tissue of
both 2+-yr-old males and 3-yr-old females. Sf-1, dax-1 and cyp11b2 expressions were at low
levels in the regressed testicular tissue of 3-yr-old female. In the bisexual gonads of
1-year-old fish low expressions of the Cyp19ala proteins are detected both in the testis and
ovary, but during natural sex change cyp/9ala expression increases in the ovarian part of the
ovotestis. Ovarian cyp19ala transcripts remained low during the non-spawning and
pre-spawning seasons even though the ovarian tissue increased in proportion in the gonad
(Lee et al., 2008; Wu et al., 2008 a,b) Ovarian fox/2 transcripts were low in the second
spawning season, significantly increased during the pre-spawning season, and reached the
highest levels at the third spawning season. High expression of wnt4 was observed only in
active ovary when the testis regressed and the fish was proceeding to natural sex change in
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2%-yr-old fish indicating that wnt4 expression in ovarian tissue is negatively regulated by

factors releasing from testicular tissue (Wu et al., unpublished data).

4. GnRH, gonadal aromatase activity and plasma steroid profiles during sex change
Gonadotropin-releasing hormone (GnRH) is secreted by the hypothalamus in the brain of
vertebrates, including fish, and regulates the synthesis and secretion of gonadotropins (GTH)
in the pituitary. The GTHs, in turn, regulate gonadal steroidogenesis, gametogenesis, and
gonadal growth, thereby directly influencing reproductive function. Thus GnRH and GTH are
important factors regulating the reproductive process and sex steroid production in teleosts
(Amano et al., 1997). Three forms of GnRH, seabream (sb) GnRH, salmon (s) GnRH, and
chicken (c) GnRH-II in brain, and two forms of GnRH (sbGnRH and sGnRH) in the pituitary
were detected in black porgy. sbGnRH is suggested as the physiological and main form of
GnRH in the relation to plasma LH concentrations in black porgy. The mRNA expressions of
sGnRH, sbGnRH and cGnRH-II were found to be higher in mature testis and ovary,
compared to gonads at different stages of maturity suggesting their important roles in the
regulation of hypothalamic-pituitary-gonadal axis, and also in gonadal development and sex
change in black porgy (An et al., 2008). As in other vertebrates, in most of teleost species
(Elizur et al., 1996; Hassin et al., 1995) two distinct gonadotropins- GtH I and GtH II (FSH
and LH)- are involved in reproductive processes. FSH and LH have distinct temporal
expression and release patterns (Meiri et al., 2004; Schulz et al., 2001; Dickey and Swanson,
1998) with different regulatory mechanisms, but precise mechanisms underlying the control
of the release of each gonadotropin remain unclear. Tightly regulated communication between
the ovary and brain ensures that the neural signal for ovulation occurs when ovarian follicles
are mature. At the onset of puberty an increase in GnRH secretion stimulates gonadotropin
secretion and subsequent gonadal maturation. In several species, the signal to initiate LH and,
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presumably, LHRH release at puberty onset involves a decrease in responsiveness to negative
feedback by gonadal steroids.

In black porgy, higher levels of plasma LH during the nonspawning season (May-August)
favor the development of testicular tissue in bisexual gonad. Higher sex steroid receptors,
FSH receptor and LH receptor are present in the bisexual testicular tissue than in the ovarian
tissue suggesting that the bisexual testicular tissue is more sensitive than the ovarian tissue.
Elevated plasma levels of LH and E2 during the pre-spawning and spawning season were
correlated with the natural sex change in 3-yr-old black porgy (Chang et al., 1994; Chang and
Yueh, 1990; Lee et al., 2000). However, plasma E2 is maintained at low levels when ovarian
tissue develops to become the dominant tissue during the post-spawning and non-spawning
seasons in 1%- and 2%-year-old fish (Du et al., 2005). Plasma 11-KT levels were also
associated with the testicular function in black porgy. Plasma 11-KT levels decreased
significantly but no changes in plasma testosterone were detected in the naturally
sex-changing females. The levels of plasma vitellogenin were parallel to those of plasma E2
in both males and reversing females. Plasma vitellogenin levels were very low before
November and then significantly increased in November (right after the elevation of plasma
E2) in natural reversing females. The data indicate that the occurrence of plasma E2 and
vitellogenin correlates with the natural sex change.

Sex steroids (E2, T, 11-KT) and cortisol were demonstrated to act directly on brain cells
and modulated GnRH release, probably through a direct action on GnRH neurons (Lee et al.,
2004). Administration of sex steroids stimulates LH expression in several species, such as
salmonids (Gielen and Goos, 1983), platyfish (Xyphophorus maculates) (Schreibman et al.
1986), eel (Anguilla anguilla) (Dufour et al., 1983; Huang et al., 1997), black carp
(Mylopharyngodon piceus) (Gur et al., 1995), goldfish (Carassius auratus) (Kobayashi et al.,
1989) and black porgy (Lee et al., 2000). Long-term oral administration of E2 produced high
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levels of plasma LH and gonadal aromatase activity, resulting in sex change in black porgy
(Lee et al., 2000; Du et al., 2001) thus providing a link between E2 and the endocrine
mechanism of sex change in protandrous black porgy. Androgens (T or DHT) had little or no
effect on plasma LH (Du et al., 2001). E2 treatment increased mRNA expression levels of
three gonadotropin GTH subunits (GTHalpha, FSHbeta, and LHbeta) and two GTH receptors
(FSHR and LHR) from pituitary and gonads of black porgy and plasma E2levels, indicating
that E2 stimulated the increases in GTH subunit and GTH-receptor mRNAs. These data
indicate that E2 plays an important regulatory role in the brain-pituitary-gonad axis of
immature black porgy (An et al., 2009).

Gonadal aromatase activity has also been shown to have a relationship with ovarian
development in animals. Gonadal aromatase activity in black porgy was low in the
midspawning period and then significantly increased in February—April (postspawning in
3-year-old fish) and September (prespawning season in 3-year-old fish) as compared to
October—January (prespawning season and spawning season in 2-year-old fish). The
development of the ovarian tissue during the postspawning season in fish after 2 years of age
and during the prespawning season in the 3-year-old fish caused the increase of gonadal
aromatase activity. Like in other vertebrates, brain aromatase activity (Borg et al., 1987;
Callard et al., 1981; Gonzalez and Piferrer, 2003; Mayer et al., 1991; Pasmanik and Callard,
1988) and mRNA (Forlano et al., 2005; Gelinas et al., 1998, Kazeto et al., 2003; Kazeto and
Trant, 2005) expression levels fluctuate seasonally and with reproductive state in teleosts,
implying an important role in reproductive physiology. In black porgy inhibition of brain
aromatase prevents natural sex change to female (Lee et al., 2001). In the blue banded goby
(Lythrypnus dalli) females have significantly higher brain aromatase activity levels than
males, but within minutes to hours of sex change, a significant increase in aggressiveness is
coincident with a dramatic drop in brain aromatase activity (40%) (Black et al., 2005). Thus,
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brain estrogen levels likely shift prior to changes in gonadal structure and circulating steroids

that may then maintain the sexual phenotype (Forlano et al., 2006).

5. Effect of exogenous hormone treatment on sex differentiation and sex change
Endogenous estrogens are considered to be key steroids and aromatase a key enzyme
mainly for ovarian differentiation and development in marsupials (Coveney et al., 2001),
reptiles (Merchant-Larios et al., 1997; Pieau and Dorizzi, 2004), birds (Scheib, 1983;
Villalpando et al., 2000) and teleosts (Kobabyshi et al., 2003; Kobayashi and Iwamatsu, 2005).
Treatment with aromatase inhibitor to block aromatase action also resulted in the production
of phenotypic male from genotypic female in birds (Elbrecht and Smith, 1992; Hudson et al.,
2005), reptiles (Wibbels and Crews, 1994; Belaid et al., 2001), and teleosts such as tilapia and
rainbow trout (Guiguen et al., 1999) and medaka (Kobayashi et al., 2003). Role of estrogen
during sexual differentiation in fish has been poorly investigated, probably because of the size
of fish and of their gonads at early developmental stages. The significance of estradiol for
testicular growth/development in black porgy was investigated by administering estradiol and
aromatase inhibitor. Oral administration of estradiol (E2; 4 mg per kg of feed) to 1- and
2-year-old black porgy for 5-6 months (starting from September) showed complete
suppression of spermatogenesis and spermiation and successfully induced the precocious sex
change with vitellogenic oocytes and large primary oocytes. Lower levels of plasma 11-KT
and higher levels of plasma vitellogenin were shown in the E2 group. Higher gonadal
aromatase activity in concordance with elevated plasma levels of LH was observed in the E2
group. The highest aromatase activity in the forebrain in the control group was observed in
January. Higher aromatase activity in forebrain, midbrain, and hindbrain was also detected in
the E2 group than the control group. The change of aromatase activity in brain was more
susceptible than that in gonad. The data showed that the increase of plasma LH levels and

26



gonadal aromatase activity may be important to the controlled sex change by administration
in black porgy (Lee et al., 2000). Oral administration with aromatase inhibitors (Al; fadrozole
and 1,4,6-androstatriene-3,17-dione) to 2-year-old black porgy resulted in all Al-fed fish
remaining as functional males with active spermiation at 3 years of age in contrast to control
fish which were females (35.7%), bisexual, and functional males (64.3%) were found. We
further found that by giving Al to the fish from September to January was enough to block the
natural sex change. The involvement of aromatase in the sex change of black porgy is thus
clearly demonstrated (Lee et al., 2002).

Administration of E2 (6 mg E2 per kg of feed for a period of 3 months) and aromatase
inhibitor treatment (20 mg Al per kg of feed; for a period of 7 months) induced an early sex
change with the regression of testicular tissue in concomitance with ovarian development
resulting in female sex differentiation. Exogenous Al administration resulted in decreased
cypl9ala transcripts, lower plasma estradiol levels, and active proliferation and development
of oogonia to primary oocytes (Wu et al., 2008b) while exogenous estradiol resulted an
increase in plasma estradiol levels, cyp/9ala and wnt4 transcripts, gonadal aromatase and low
and constant low levels of Sf-1 together with decreased levels of dax-1 transcripts. Both high
dose of exogenous E2 and Al induced testicular regression within 1-2 months of
administration. Although AI administration also induced ovarian development, the diameters
of primary oocytes in Al-induced females were smaller than those in E2-induced female (Wu
et al., 2008b). Plasma E2 concentrations in 6-month-old black porgy was higher in the E2
administered fish compared to the control fish. Thus, E2 administration resulted in high levels
of plasma E2 and induced female sexual development. On the other hand, Al treatment
resulted in lower levels of plasma E2. We further found that E2 was able to induce a
reversible sex change in the juvenile black porgy when E2 administration was terminated
before the spawning season change with the E2-induced ovary reverting to a bisexual gonad,
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consisting of regenerating testicular tissue and regressing ovarian tissue. Low Sf-1 and
cypl9ala, but high dax-1 expression levels were detected in the regressing ovarian tissue
during the reversible sex change. Sf-/ was highly expressed in the regenerating testicular
tissue during the reversible sex change. E2-administration affected the expression profiles of
dax-1 and cypl9a in a reciprocal manner, and further decreased gene expression in
steroidogenic pathway.

On the other hand, long-term, low dose of E2 (0.25 mg/kg feed) administration clearly
enhanced testicular development, as revealed by the growth of a large and active testis
together with high levels of plasma 11-KT (a key sex steroid closely associated with testicular
function in fish) (Chang et al., 1995) suggesting that aromatase expression is important and
necessary for testicular differentiation and development in protandrous black porgy. Thus
results from steroid hormone treatment on the gonad development in black porgy indicated
that the effects of E2 on the gonadal development was dependent on the E2 dosage, low dose
(0.25 — 1.0 mg/kg feed) favored testicular growth and high dose (4 — 6 mg/kg feed) favored

ovarian development.

6. The effects of testis-excision in the ovarian development in bisexual gonad of 17-yr-old
fish

Surgical operation to remove testicular tissue in 17-yr-old fish induced an early sex
change in the fish similar to the natural sex change in 2*- to 3-yr-old fish. The development of
vitellogenic oocytes was observed after removal of testicular tissue in the bisexual gonad.
Quantitative real-time PCR showed that transcripts of Sf-1, wnt4 and genes in steroidogenic
pathway such as star, cypllal, cypl7al, hsd3bl and cypl9ala significantly increased (P <
0.05) in female ovary in the testis-excised group as compared to ovarian tissue in the control
group. In contrast, dax-1 transcripts decreased in the female ovary as compared to the control
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fish. Furthermore, ovarian aromatase activity and plasma E2 concentrations increased

significantly in the testis-excised as compared to the control group.

7. Conclusions

Sex differentiation and sex change in fish are considered as an integrative, complex and
multi-level phenomenon that may be caused by specific environmental stimuli, reaching
certain neuroendocrine systems and resulting in predictably anatomical changes in the
reproductive system of a hermaphrodite fish protandrous black porgy is a unique model fish
to study male sex differentiation and development. Our data demonstrated the dual roles of
cypl9ala in testicular development during early sexual differentiation as well as in ovarian
development during the later natural sex change and also the importance of Sf-1 for the early
male sex differentiation, wnt4 in the early ovarian development, and foxi2/cypl19ala in the
late ovarian growth in black porgy. The study also suggests a precedence or concurrence of
neural differentiation over gonadal development in black porgy. Endocrine factors (aromatase,
E2, ar, esrs, FSH receptor, and LH receptor in gonad; pituitary LH) may play important roles
in the sex change. Plasma LH is closely associated with the development of male phase. A
higher sensitivity in the bisexual testicular tissue than in the ovarian tissue is suggested. High
Sf-1and dax-1 favored the maintenance of testicular development in male phase. In contrast,
low Sf-1 and high expression were found in ovarian tissue before sex change. Therefore, our
data suggests that Sf-1 and dax-1 have a cooperative function for the testicular development
and an antagonistic interaction for oocyte development. The expression levels of dax-1
probably regulate the timing of oocyte development and vitellogenesis for sex change in the
protandrous black porgy. Testicular regression was shown to be important for the initiation of
ovarian development in the bisexual gonad. The possible endocrine mechanisms of sex
change in protandrous black porgy is further suggested. The successful induction of an early
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sex change in the testis dax-I-excised fish further suggests for the first time that testicular

tissue may exert some inhibitory effects on the advanced ovarian (vitellogenic) development

in bisexual gonad. Our results provide new insight into the development of advanced oocytes

during the natural sex change in black porgy.
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Abstract

In recent years, scientists from different fields including ecologist, epidemiologists,
endocrinologists, and environmental toxicologists have provided some solid evidences which
indicated that some chemicals may mimic natural hormones and pose threats to both human
and wildlife. These so-called environmental hormones or endocrine disrupting compounds
may inhibit or through different mechanisms to influence the normal functions of not only
endocrine but also neural and immune systems in higher organisms. These speculations
include increases of breast cancers and endometriosis in women and prostate and testis
cancers in men, abnormal sexual development, decreases of fertilization success, immune
function suppression, increases in ADHD, autism and other neural behavior disorders.

Wildlife has not been left alone from the influences of these chemicals. Reports have
been indicated anomalies in both aquatic and terrestrial animals and others lower organisms.
Those include abnormal thyroid and development functions in avian, decreases of
reproductively in shellfish, fish, avian, and mammals, decreases of hatching success in
oviparous species, demasculinization or feminization in some reptiles and mammals of either
sexes, defeminization or masculinization in some mollusks or fish, decreases of survivorship
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of the offspring for some species, and alteration of behaviors and immune functions in some
avian and marine mammals. These also have been outlined in Theo Colborn’s “ Our Stolen
Future”, which also stated that the levels of some environmental hormones in certain areas
already affect the ecological systems to some extent.

The whole issue of environmental hormones becoming aware in both scientists and
general public started from 1980 when Lake Apopka, Florida, was spilled by DDT and
DDT-like pesticide, Dicofol. Followed by the spill, researchers found that local alligators
were either demasculinized in male or super-feminized in female which resulted in an sharp
decreases in the population of the local alligators. After almost 30 years, more and more
evidences showing that we still kept ignoring wildlife which coexists with us. They are even
more vulnerable to pollutants to which they are usually exposed directly (and unknowingly).
Like other human activities leading to environmental damages, this kind of chronic
eliminations of lives on earth can only be stopped by our self-consciousness.

I will report some advances in the effects of environmental hormones on wildlife

including fish.
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FEBES ARG 2ORFE R
Method Development and Application for Emerging Contaminants Analysis

=3
kA FT

!
#7875 4 + (Emerging Contaminants) ¥ & 7 * R4 Ffrip ME = E R E X A ¢ 3
i E BT @ T RS R T VA ER T HIER 2 R R B A

FARFIABRR  TELAARS AT BL AT R §HEEE EE A

|
™
kit
™
£l
-
B

BAEE F ) 4 BT S AT R e 3R o RTEIS B4 X AL A bt 4 A RS
Pt B R F e o ip LB R A2 EY A F R d SR R BEE S

VU EERIFICE SR Ao s A 2R ¥ Mk R T AR RIF] o # * T Emerging | i&-
SRR IE T o S0 SN e SERLEN EFi ECRg b & (A R RO RVl SR
B oo R BRGRE I AP RARE L EH AWM LRI RS
BEMICLEPEFTRFLSE ZF I RPRI B IEY LD F LaeE S
BAEEZ X ﬁ;}wgw,kwé+\‘mm\
TR AN TR oS KR 5 A DRI RIS K R BT KRS e ok o

LT I E

94
"lh

She

dO A RA T KRS TSR E R AP P B R R
B fRKEEY o rop fﬁfk%ﬁﬁvi‘%%??ﬁd AP RGEa Ak AP
ST G P R R R SR BB M R R RS
Ao 4 TR AR kN dn 0 AR K R B AR B LR R ATE S A S
AN HEE RS LT RS T BEEERL TR LV s
doo BRBBERE T LALhE T o

LHESYS O ARREET M FRT Y T AREATE DA M R
b BT R R HGRIA E T ATE S A B o R 2 2 5 BT AT R

feehg 4p & 47 o R(GC-MS) 2 e 4 B 47 Jrad R(LC-MS) 5 4 en® 22 LR g o 11T
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REFLIFGRZZTRE R

Evaluation and application of Dioxin screening bioassay

PEI VU ZRFERAR S E T FEP 1
7 STk 5 3E % 7R3 H % *7( hnyang @ mail.niea.gov.tw)

¥ &

i fV R AR SR 4oB fRITF AP K 4T R (HRGC-MS) # 14 2 i
FoRAPT SRR E B RERPSAR CEFL D RPIEFTES > 48R
F2ZAAKR BREZAEFFPM RS EHE RS ARE GRZ T R T8 R
FRNIALRF AP PG AR LTV REFE MR BRSO 2 R
APEP > PR PRI Z L RFLERNFTLEILTREIHY -

PoABe 22 AR RS 4 FHHhiE 0 ¢ 32 DR-CALUX w2 4k ip) = 2 ~ £ 5
CAPE 2 72 %% &5 A 7% (EIA) %2 Procept®# - DR-CALUX® im ¥ ¥ ip|;* 1 % &
" 0% (mouse hepatoma H4IIE ) #& w3~ 48 — B L A4 L3R4 A % A R
B2F 73 AF(DRE) i g fi— 4z - LR F A1 &b et mre p 230 4 B4
#lo g b dr . AT R W D KR o WA R ARAL RIS 5
2 G A B ffd 4 k235552 TCOD RS A 2 2 4 X5 Ry RT7 4l 10 8
F2 72 EIAZEAI" B3 - Pl @i Bt LR oende gL p
S oEIAZRFREFAF T TR 2RI FM > 7 ERSY 21 B I &5
4v » K123 & 1 p¥ (HorseRadish Peroxidase » HRP)£2 |48 A 42 % cnfidliag i > £
A ARG THAVESF e B S r GRGINEF PSR ZR IR BHLE
d EVHINESF LIRS A EERES FE S5 o Procept®i P £ * T
YRR EFR4 F BB (Real-time PCR) (7 B 32 28 - $Hh&® T2
L gAY 2 X430 T2 27 DRE2 DNA * B3 - 45 £ 48 -
RisHI* gt 4F & 4818 > 23§ A > & ¥ 11 Real-time PCR £ i#] DNA 2z

BTV RRAGRREIGMEFZRAMYE -
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TR P2 B RS A ik 2 B4 Bs dr i o DR-CALUX i 2
TR RACRR RPN LEAT 2 R

V2R R AT & TR T B

BEAPEAET R EgMEE R Y 2 B RA
*AREE o § H e £ W CAPE =
¥ 2 R 4% 5354 DR-CALUX®ip| & 2 HRGC/HRMS ]t = F 5 1.9~5.1( T35
524 (n=21))> R’=0986 ; Afiir 2 4 p Ak S04 o b EHEF S 0.6~26 (T30 5
1.4 (n=23)) R’=0909 ; "B § 2 v B M5 1.5~56 (THE L 2.6(m=18)) >
R’=0.982)-EIA 2 2 iz § 5 2 A 471 % S M2 4R 1F% B 0 2 32 AR 0
F+ » | BIA 2

SaE YA R B Y RERBIFE B rREFTZB D

2_ip) & 8 HRGC/MS i & 2 4p B 121 » 1t & 45 0.72~2.01 & (n=3)~ % ** Procept®i% >
HRLERERRIG T I RRR R L ATPRISA N A LR e
MR T R AR KRR REMRZAETR A £ @R Y HRGC/MS Bl g2 vt @& 4 3¢
2.1~43 2 F (n=3)-

BidEd C B34 S Hi2 - DRRCALUX®m e B> % ~ f2 3 2 A 474 (EIA) -

Procept®;'%
F RRFAFERZRE

%" ®, . ®.
- DR-CALUX™ 2 EIA ;= Procept
= =
PO F WE 2 E Rk FF * R% ¥ * R% ¥
Pz g g 600 g 14} 200 § 1T 300 g 2T
A7 AR H7= 957 =% H5=
Rt i £ 9000 ;u/ﬁi 5 4000 ~/#k & £ 5000 ;u/ﬁi =
O £ 120 24k & £ 200 &k &/ 8 £ 200 2k &
LR R R 3t 1% 1%
> ERATR % L igLN vE
R EREET 2T 2 AR 2 KR R
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Transformation Processes, Possible Sources and Sink of PCDD/Fs in a
Reservoir In Northern Taiwan

Kai Hsien Chi 1*, Shuh Ji Kao 1, Tzi Y1 Leez, Moo Been Chang3
! Research Center for Environmental Changes, Academia Sinica, Taipei 115, Taiwan.
2 Environmental Analysis Laboratory, Taiwan EPA, Chungli 320, Taiwan.
? Graduate Institute of Environmental Engineering, National Central University,
Chungli 320 Taiwan.

Email: khchi@rcec.sinica.edu.tw

Abstract
In this study, polychlorinated dibenzo-p-dioxin and dibenzofuran (PCDD/F) deposition

was sampled at Feitsui Reservoir in northern Taiwan via traditional cylindrical vessels
(atmosphere) and sediment trap (water body) from January to December 2008. Fig. 1 shows
that the atmospheric PCDD/F concentration and deposition flux measured in the vicinity area
of the reservoir investigated ranged from 4.90 to 39.0 fg—I—TEQ/m3 and 1.37 to 19.3
pg-I-TEQ/m*-day, respectively. The highest atmospheric PCDD/F (39.0 fg-I-TEQ/m") and
total suspended particle (128 pg/m®) concentration is measured at February 2008 during the
Asian dust storm event. In the meantime, the atmospheric PCDD/F deposition flux also
increased from 4.14 to 9.89 pg—I—TEQ/mz—day. In addition, the atmospheric PCDD/F
deposition fluxes measured on winter are significantly higher than other seasons. The
PCDD/F deposition flux measured in the water body at down stream of the reservoir
investigated indicated that the PCDD/F deposition flux in the water body ranged from 10.3 to
29.8 pg—I—TEQ/mz—day and 9.13 to 179 pg—I—TEQ/mz—day measure at water depth of 20 and 70
m, respectively, and was significantly higher than the atmospheric PCDD/F deposition flux
measured during same period. The temporal trend of the PCDD/F deposition flux in water
body at 20 m water depth is quite similar with the atmospheric PCDD/F deposition flux.

The significantly higher PCDD/F deposition flux in water body may be attributed to the
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catchment erosion at down stream of the reservoir investigated. On September 2008, the
PCDD/F deposition flux in the water body at 70 m water depth was dramatically higher than
that measured at 20 m water depth during the intensive typhoon events. We consider that the
dramatic increase of PCDD/F deposition flux at 70 m water depth was caused by the land
slide occurred at up stream of the reservoir during the intensive typhoon period. Based on
the PCDD/F deposition flux measured in atmosphere and water body (20 m water depth), the
contribution of PCDD/F input sources of the reservoir investigated during different periods.
Fig. 2 indicated that around 24 to 45% PCDD/F input flux in the reservoir investigated was
contributed by the atmospheric deposition during normal periods. However, the contribution
of atmospheric PCDD/F deposition increased to 57% during the Asian dust storm event.
During the typhoon event, the contribution of atmospheric PCDD/F deposition decreased to
10% due to the significant catchment erosion in the reservoir investigated. The distribution
of PCDD/F homologue observed in ambient air, atmospheric deposition, surface water,
deposition in water body and sediment core samples. indicated that the highest distribution
of PCDFs (80%) was observed at vapor-phase ambient air sample. The increasing trend of
PCDDs was also observed from the sample of atmosphere, water body to sediment. The
reasons contributing to the increasing trend of PCDDs are twofold. The first reason is that
the PCDDs are mostly distributed in solid phase in ambient air. Therefore, the suspended
particles collected in atmospheric deposition and water body would enhance the PCDD
distribution. The second factor considered is the effect of catchment erosion in the reservoir
investigated. The PCDD/F input sources in water body included atmospheric deposition and

catchment erosion of the reservoir.
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Figure 1 Atmospheric PCDD/F concentration and deposition flux measured in the vicinity
area of the reservoir investigated.
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Figure 2  Contribution of PCDD/F input sources of the reservoir investigated during
different periods.
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LB FRE TR IR
Development of Alternative Method for Analysis of
Decabromodiphenyl Ether (BDE-209)

441*\§a@ F3ox s ERE %

Rz Bzes- A FRE 1 ABFT 3 47 (*u9613819@ccms.nkfust.edu.tw)

N

-+ 8.7 ¥ p(decabromodiphenyl ether, BDE-209)F] & £ § f B & ~ SR T3 5 ALk

M T ¥ (7 5 e sed| (flame retardant) 2 * o %% ¥ BDE-209 e £ @ % @ AR
R E R AR i 1R Y BDE-209 sy B Bon HIRB S AR Ap g BE o

1 BDE-209 4 45 * % 11 & X 5 P~ 2 (sohxlet extraction)#§ fiz 48 & 17 7 3# & (GC/MS) = i

vz U’xi«“ﬁ\;‘é”ﬁ{fﬁx%ﬁ;g\ﬁlaﬁﬂ\wq(ﬁ1 XIS AFHT AR REE T NS
o TR P EEAIE P BDE-209 £ A AALF 2 BET EARERE i

BATIR A § ARy T g A HA R 4 b LR B IHER o AT R ML
EP 2 R bR R B2 kA kAR o #Pac B g * 3t BDE-209 2 A 45 2 o
ERGREE AP A FERR I MOk e B IR T 1200 F AR 10 A4 1
AL BREF T A RAPEITREFT ST IR R Z R ARIRT RGFEE X
AAT e AR TR AT IR S 45T B S REe 4P 0 i 1.0 ml/min ~ % AL SRR 10
PSR A A 47 P R 12 4 4B 3 ok Sk ORI E K TS 230 nme Bt i 2 T 4R 2. BDE-209
B 87 A 4util! > 0.6-60 gmL RPN B AR AT E 0999 12 b oo H RS
S Bpor A~ 2 2 R PL5 5400 ng/g R T FLE 6000 ng/g R A v S G 80%(320%)
BFER S 95 % fie &R F kARZ 2 RHE LS 300 ng/g e 1T B A B TR 2k
RIE R 6 5 23000 ng/g > 2o RRFALER FRIARE o 0t AR s T A B

| Mok FPfe £ R F DkHRE e & HPLC/UV 2 472 4Rl = 2 > G XU RIEHRF 7 73

)

242 & #. % 2. BDE-209 5 &

BEAEF ¢ LOREFEO MO B S A kAT Rk
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FRPEEAAEY LB FRIEZKRAN
Measurement of Decabromodiphenyl Ether (deca-BDE)
in Indoor Environment

g 23T~ F 322 % - iz
B >t 142 % (u9613833 @ccems.nkfust.edu.tw)

2
- ;8. - ¥ @ (decabromodiphenyl ether, deca-BDE) & & * J§ jZ 5. & p oo ®] » £ #p
Bt ch % e g $RHIT L o Deca-BDE 2 1A & 12 % S F Bk foi 4k 47 7o

@iF 0 L EATAITAE AP P FARA TR AF LR A G > T g

pa;

# 7% deca-BDE 4 f% » & @ B

"
(i

.
1

i

%o AT UHCGLEPER 2 B ok ARk 1T Rk
i7 deca-BDE ¢ 5 » T4 43 P BB A A hE BT o AL T E PR R
FAFEPM R AEIFLH R AR ARG E L P e AL R
A Friig ts Tl HPLC A2 17 A2 47 » $h A Dk & 7 100 1 B 8L BIPFRI R § DR S5k 4 0 18
ML FANT o 42 H A4TITE P A A A ¥ deca-BDE 7 £ # R 5 12000~38000 ng/g -
T A7 F N Atk & ¢ deca-BDE 7 £ 5 3800ng/g> £ ¥ Y Ak agaAlanii A g
WE - AT R KRB  RERERPFA04-100 ng L2 R fATiow
Yo 5 859 Ar H HR A AR I Bt o e s kB ¢ deca-BDE 2 & B

AR )

MAEF © S FRCFPERBESTL CMAFE BRMENTR
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Mg e B 2 L 44 b (Oncorhynchus masou formosanus)
FE B R F]?
Sex Reversal Causes the Extinction of Formosa Landlocked Salmon
(Oncorhynchus masou formosanus)?

RRE - FAESMELE  yFa AR
LR A E A ERLrE g 4
R R I <l R TS
MR R R (e

TR LA FRF ] TR

SR A4 B KA % 9T RS (*gwojc @hotmail.com)

4.

&

FE 3t o AR 4 (Oncorhynchus masou formosanus) P 0 W48 4,30 58 04 7 0%+ pF
Limhs FOBEA R 0 0| H (red lisOSNE R B AR o T M R IR R RS
ﬁ_ v H P ppze ol (sex ratio) ¢ BE 4R ) E G R EHCP (effective population
size) > @ 4 %] 4 2 (sex determination) % ] % ji- T % F e B B (sex ratio) o AEFL b 5E "f
AR AZTEARRY - Pk TR S AR u o LRGeS %2R

(neoteny) y Brrl ITE AR }‘_E_,’__‘_lf_ & 7r ﬁﬁ.év\ %’%’:ﬁ?z‘? o ey HPLC 37 4R %] 7 li _g‘ kxR

[E2:

=k

18 B2bd prafept R AR ALE ~ A # ~ 7k~ BB IR ERAR L FE
FoRER s ) e LA IAFTE I AFTERORE AP AHEFLE
FE~ B H P s GRS 2R 0 Moandl F1A e w] 2 3 4R2s (male-specific sex marker) »

BRren¥T e e ol B eBAERIE A A c B A E S PAEL T IR gwpd > A g
Mo BEEAT A REEVEFAG 258 b 2L SATAr LA A £ (F AR
e sexreversal) o AP PEL LR T S PAELHPN foE BB EE RS Bt s kR
IAFE AT RRAF ARSI L ARG FT RN ET TROABRBRSLFTERE P

4 P> LRganfe 2 s (Allee effect)s € BrE R PRIAEE EE LA T oo

MAEs @ S A TRBAEE A - Y
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BB~ B2 A3 K S TR R
Assessing the Effects of PBDEs on Fish at the Organism, Tissue and
Molecular Levels

LB SRt R R EA NS N SN (52 ralNE B NS o) W S
'Rz mxs 58 4 4 4= ¥ (*tehaochen @nmmba.gov.tw)
TRENERFRED p SRR AT
TR LA BAERRE 1 RE

¥ &
% 5.7 ¥ @ (PBDEs) £ Tﬁim;}:*—»/\]fﬁﬁl@ﬁ Ao BT RLp AT EAUR
B PR 2 WY B LT RHAER T B ARA R T AIRE Y A A G T 7
PBDEs & Migft 7 f5d LA L » A PP FH L F S 23 A2 L F o
PBDE-47 5 2 8¢ &% L2 Z 8 &3 P AMIEAFS - S 2 AP LT
PBDEs ¥ it £ i B33 > T 7 s M A1~ r—';;,w]mé WEA S ke Ra
PBDEs #f & 47 8 5 2 ?W“ﬁﬁﬁ%i°ﬂ%%ﬂ*ﬁ5ﬁﬁﬁﬁﬁi%’kﬁﬁﬁﬁ\
B2 A3 ek 5a7 ] PBDE $HAKTOR P F S 7 U 155 20 X 21 F 90 * 1 i 4
% fe )k B PBDE-47 th4#l4k & (control, solvent control, 10, 100, 1000 ng/g) > I % # 4
B ORRBE AL B AT 2 Ak AR RTRRER -
LRAA TG AREY RN AU T el B EE > £ 8PP
AAT R BT R E R T A Sl N ITAA SR Bt FREEH T S 4

45 A2 A F T X AL PBDEAT B8 i@ 7L (¢ RRERIERE SR

RSk e o RSO0 X FREAM  EF A LR BB YR
st 2 PSR TR 4E 3 PB Eﬂiﬁﬁﬁiﬁﬁwﬁﬂfﬁﬁﬁ?ﬁﬁJO
TR FadupRr siogE LR o4 Xy BREBHSOAL T2 LA
2R s APPSR me i ) R SR mr LR R Z,

AR FLRL NIAFEIEB LSRR AESNPBDEAT X2 £ B b YA
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b F =g o AP T g PCR (QPCR) $LjfF > & B3t 15 38 = (@

B AR T AT 2 e 15 90 % (28 A w]m\ A A EHRRpATAR
#5731 PBDE47 {51 § 48 v FH ¥ A FIARE 2 P o 30 ait {8 38 X A 470P
AT e el i ap b A TP R B vig~ 3B B S JF | anti-mullerian hormone~
cypllb)~ £ B3 FHF BRAF (FAEIXHPEES 9 amt > > 55X W ahr2 ~ %
¢ % PASO cyplal) % 7 jkopip b 2 B (L7 JR9UER TSH ~ % - A% g% DI~ 7 ik
MAEE T TIR) *4 BATF] B 300 28 FR R R 25 BATE E’;{%“;TU}E
BEATFIE > BT o B R AT 0 A {5 38 1 » PBDE-47 $3% AA Fl & g By 2t
FRBRM Som Pyl flgcd o 1L cypllb~ahr2 k3> A A FLRE &Mk R 2
BEBRASL e HFLE A DI NERARL DY  HFLE B LR LR AR

fmit 1590 % o BRI ahr2 2 TSH &3 ER 2o @izl B¥F LR > ¥ a2 &

Fm

)

MERSBERILEZ B 3 HFAR - AP %387 PBDEA4T 7 i ¢ B 812w
AT TR R R 3 A A TR R o 13 F S B % 0 A Piu s PBDE-4AT duf
#3443 TCDD~ PCB % 14 » e ¥ i %518 * 4 cyplIb2 ~ TSH ~ DI # #1431+
BADT K AT o

22 LY MAEOPBDER B EHANET S 2 AFILRAARFE ATy B
BRSNS PRAT IR AT PP SRR RRREFE § OB LS
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etz ¢ % 8.9 % BY(PBDEs) ~ 525 4. (zebrafish) ~ # ¥ {7 % (animal behavior) ~ 2 F] 4 I

(gene expression)
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SORMELPLTLAPFTE SBLHE T A2 A H
The Toxicity and Accumulation of Tribulyltin Chloride on Taiwan
Abalone, Haliotis diversicolor supertexta

sEEE S EFR S Fae
'R K EA A S S EM AT YT (giga019 @gmail.com)
IR -SSR ¥l
SE a2 S48 4 (pjmeng@nmmba.gov.tw)

AR R AL NI R ;ii SR G STy A fe
RpFFREH - JENS AFIEH B LR GHLRAL AT VR RS
IR EFANBERB 2 BH A 7 AS R FEFBRREL I H T AH R
a2y e

B AT GG B BA(BOH) I F ek A AW S Spg ! 10 g
L' ~20pg L' ~40pug L' 2 = 7 A4F% k> 4 34217 7 X 2 &4 {83 > 55 GC-PFPD
s F 4 T 7 A4 ( Sn(CyHo)sT )2 X & 7k B (LC50) 5 48-h LCs0=35.42 pgl”
72-h LCs0=20.78 pgL™ ~ 96-h LCsp=16.28 pgL™ ¥ 120-h LCs50=13.78 pgL™" » £+ F T 35
JER L 4016+ 1.04 pgl ' 2 F b= 7 HATA K RIREY 24 ) PE2tS > B4 TR A %
T RERMPEEE L= A Ea 64 P A NI ER G -

FoMANY I EBNEETIEER S 26613 ugll 2 F b2 7 AgF Ak i (T
TARRT R RERT o s oL Fi g BREE T A2 AREFRNF L
RoESEIFAFINT L BEFE T AN
dry-wt £ 158.50 ng (Sn) /g dry-wt » i#ﬂ B ## % #ic(Bioaccumulation factor, BAF)4 %] &
338352 417.10° 874 3 W ED F R FHRoHZ T AL A HF A& RPN RHBRR
preb s AR BT 2008 £ 50 d S A R RS MY 2 4 34 MBT ~ DBT £ TBT

fhid 5 4w 5 128.57 ng (Sn) /g

2 T 46 5 186.79 ~ 173.33 #2 30.84 ng (Sn) /g dry-wt » # ¢ » = 47 (BTs)1
kA %ﬂ:g’\P\ e ?. » TBT 21 & ?ﬁﬁ%?nm?ﬂ ‘39_‘?%&(p<0.05) » “:“Wr”ﬁ 4 3L B .ggé ¥ A g
Z B AS(TPT) > ¥ % % 100% -

Mtz @ 4 3 (Haliotis diversicolor supertexta) ~ = 7 4% (tri-bulyltin) ~ & 3 40| 3% (acute
toxicity test) ~ 2 4 & # F]+ (Bioaccumulation factor, BAF)
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Distribution and Sources of Polybrominated Diphenyl Ethers in
Indoor Environment

FABAE ~ B F R F AR
RzgE gL ¢ FHF%z
(fssang @ mx.nthu.edu.tw) (_ycling @mx.nthu.edu.tw)

e

P E R AR EEY S R TEE RS (FHEEHE) EFD

VEBLEG aR 0 F A IRRE] GARBATL RE o BT R LR kAR

1A &2 PR L% %5 ¥ B (PolyBrominated Diphenyl Ethers > PBDEs ) » #* #f 4= & &2

Hu A B a b A b 60— RERZF2ER Y 24253 NH 5 i)
&

RFIEEAZMR*TF T WASE RE I3

AL AR FEERFER AT MRS R TP ERS T F  PBDEs (R 5 § 3 e
$EPNEK Y PBDEs 4 # 2 kifiz 7 i3> § B30 Mk - 4 p * 5 PBDEs £ &

g °

AFTAAFLAZPERBEZTFEZEUFER PRI 2 XS o 2 fg
B2 ZPBRBEZIFIAL OCEFE 2RI REFOLL TN RS 2 AR
i | (NIEA A809.10B) » 1 * B in & 548 BEH: » S B 2 F R Bk L 7 @

Ay Pk R o B R IR A B AT X 3% Lum 2 ¢ s e (N 4 F4p PBDEs) > % 7
Fhfig LR S AR B AT F R R T AL @ SRR A R N F B R E T Fhy
24 [ PE e AT 2 AR ERMBAICRE T A 0 M ENEFEE o BE R

iR E R F AL o R ¥ F Ap A 11 R/ R4 49 27 8 PBDES I R b 1 R R -

\?'{r

RENEH EINL 2 RS T 1 L | € (International Electrotecthnical Commission

]

BC) 2% ¥ %> £ aii§ % Mkt #* MEPSER  @HI | mm 1T >
5

v

FORE PO MIRE FARREE R PR MR Y F 48K T R/FH KR A 17 27 48 PBDEs

83



ik o
ERHRBZFAUKD BB SR R A REF P ES RPN S

“t» PBDEs ik & A 7 4 % 46.2~261 pg/m’» T 3515 5 117 pg/m’» kB B 2 2 h RE &

BoQEd Ry LR AHAFZF [P P S LR B A - g TR
R R EE o EWIRE A Y B E o @3- ¥R A Ed 5 54 @ % PBDEs [

A F AP 2 R B R RRE 2 E R T AT RR R 5 802~5468 ng/g

T iaig % 2360ng/g> it & E P FRB F § PBDEs kiR - o

Mt @ SIS FR EARE R mE o FAARMR/IFHR
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B A¥mB g2 ARFPEE2 AR TH
The Study on Accumulation and Equilibrium of Bisphenol A to zebra danio

i I: ~ RR 3
ZHAFE A EREE L >HFS 142 L (19414005 @yuntech.edu.tw)

FLCIEDEEFRE O URERY JARGIE R ARTEEY DF T A
TARBNP) A BT FH S EME RN EF 2001 EHFL  LALLEF Y
GO IEHE BFABPAL 2 B A BE T B ER 8 TN PRtk oA
fgﬁ"ﬁ a2 Jleng b 200897 3p d FRK 2 L7 R0 2 WA - F (NTP)
R B T R A G RN B Aol 5 0 P REH S 2 B 2o e g
i,;—;,;qajp\%ﬁw o Fla R P A R b o AL EET P AT S A
gﬁﬁWﬁﬁ%ﬁﬁ*’ﬂaaﬁéﬁﬁﬁﬁ’wﬁﬁi%%ﬁ’%ﬁ?ﬁiﬁﬁﬁﬁ
PR EE e BIRARES A EERAR 0 ¥ B HIR T EER kRS

a\\a
NA-

BioT o ¥R S22 B G T AL ARES A o

AT A EAEL AEEEDS T REFS TP BB irpEE A S £
BRSO o B a R A LR kA 0 B4 A R R E s e
BPRRLETEASVRF R AFFIALFEGRESE TS b2 H S
AR R 2 Gt 120 (S T iR "fa_(*’r‘r*ﬁi ) BEAFFLEEE b
RIEBEY L3 BE2 77 o Fp s AFTERE AT N GER)L P -

RypE R R E R B 4 4 2 24/ PFLCsoi=*+7.0-10.0 mg/L ¥ (8.5£1.5 mg/L) -
ﬁ&ﬁﬁé%ﬂ’%ﬁ%§*%FM%%%%&aw%miwmgm&ﬁﬂLﬁﬁwi’
#Fooki(edema)z R o m R RHEFRT S A NN S E AN 2% > 500
ng/L= g idfkimz fogs AW e ahk § R ik R 4 5 119.61ng/g® 8.42ug/g(w F 1 &
% en14.217%) 0 100 pg/L A & 3#5% 2 3 131.89ug/g% 44.720g/e(H 4 ¥ 5 (6 ¥ 62.95%) «
Flpt oo g PSSR udn s G T AR 5 AT O 2 o RO A2 % G4 BPA
PRAE A A BIF S o AGEAR FRE A (S 0 R500 ug/LE 100 pg/L2 BPAGESE B 0 & 4

AP 2 AT R AR B A Y 5 2841ug/g% 26.80pug/g 0 R b 74.5%275.1% 5 500 pg/L
% 43R P 5 80.08ug/g 0 b 58.4% o
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BRoAH=ATREREAFE 542
The Degradation of Alkylphenol Environmental Hormones
by Bacteria in the Environment

Hi']'l‘ & 1 . ‘Hi—;;li; 1 . _-g :,., b 1,2, *
Rz & <54 &F 5% (37360232@ms62.hinet.net)
TR L A ES ol o ] %5 1 42¥ « (‘slhuang@cc.ncu.edu.tw)

1

|

e
¥ fs B3 ¢ 7% (alkylphenol polyethoxlates, APEO, )5 — & L * >t1 ¥ B ¥
BRI ER ARSI PR G EH > A& T A F R RF ¢ AR (nonylphenol

polyethoxylates, NPEO,) * % 7L ¥ i ® ¥ ¢ 7 fi% (octylphenol polyethoxylates, OPEOQy, in
average n=9.5)> H - EAAP T p ARFHY KN EL S L A E LR ERBRFE T
PR A P e AF R d 13 2 A YR § AR MO A MR SRS

2 5% 2 o F12 4 (octylphenol, OP) AT A 4 % § o FFeic 4 5 vppcd 2
B E XM EN A P o P AP LRAFERRY ¢ ARABY Y 2
B -FSLAFLIUIAFRIEEI R ) T WML SRR E 2
feu £ 2 ~ 73 A ¥R 2 2 B (microcosm) 2 % AL RS FEY 0 GE D18 R
FAFE AvE- 2 ERURZ Atk 5 BioLog BURTI™ 4 R ix ~ 7y aiBl3# 2 16S IDNA

‘SC

410 2

‘>‘_ P’_‘-

¢

BAls{r &2 By 23 m ot E FaY o BE WA A2 Pseudomonas
i 11 & » B &R FR ¢ 45 Alcaligenes defragrans ~ Bordetella brochiseptica ~ Zoogloea
ramigera ~ Inquilinus limosus 3 Methylobacterium radiotolerans  wg R * ¥ > &R
FI* A AR RS JRERESF S G285 - S s ¥ 4 f2 OPEO, 2 B 34
OPEOQ; ~ OPEO; ~ OP ~ octylcatechol (OC)2 Ftk » % >+ Pseudomonas 5 % = % ko 7
% ¥ 4 f2 OPEO, ~ OP ~ OC - it & ;* & 2 OPEO, 2 OPEO, » "f 7 Pseudomonas ' P
k3% ¢ 45 Zoogloea ramigera % Bordetella brochiseptica; % = # ' & ¥ 4 f# OP~OC »
e & ;% & f# OPEO,~OPEO, 2 OPEO,’> 2L & % Pseudomonas putida~Alcaligenes defragrans ~
Bordetella brochiseptica 3 Inquilinus limosus > p £ % 2 W& FHZ o4 LHEEB Y iojp
ok 2 B ORGR ¢RI L AET Ok R Gtk K ¥ e 3 3 4o OP~OPEON (n=1~3)
GRS AS 0 AT TR EZRBEMKA S OPZ A ppH L AR LA
et 4 > U ARREY WREBE? RAFERREFE F OB 4L

2 —
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BAr#EBEASP2FH27E
Determination of Triclosan in Water Sample and Personal Care
Products by On-line Derivatizaion coupled with GC/MS

ﬁgg E N :{ %{‘*
Wzv L xFiv® % (962203003 @cc.ncu.edu.tw) (*wding@cc.ncu.edu.tw)

&
= % 7 Triclosan (TCS 5-chloro-2-(2,4-dichloro-phenoxy)-phenol) & - fa4ifF i § &

)32\;;\;% * AR A gﬁ—igﬁgé%é , gr--;;gagf;}:g N é_a N xfpg‘;,gfq N ;’TL;‘E] P A G %3; ,

1%

ERESY SR SR Jékﬁviflt el 5 0.1~03%(w/w) > & R IEFRTLE & //;'flt e |
B ERE03ID 0 W2 F T EHRFIABER - RAZE AL PRGBS AR
TORAR U THAGE L ES L 4 3 LR HREEE LR D& T Tt AR
;%iﬂf«‘fé_f% oo A o ZFehgiptpint A 5 F AR TR & 4
(Polychlorinated Phenoxyphenols) » @ iz#git &4 p 30 & FRF UFR L2 E 5 F (e

FREF ORISR T ’35’??"/‘?’%%'@ BB RAF R BRI RR Ak iR
FRFAA A RRE BRE (% > VA RIRT - pEAF IV UERIRE S SN
2. —12,8-DCDD -

REFTT AR D F AR AT Rk R R R R R e d kAl A A

RPN B H DR B AT R T B FB PRI SRR P g
GEe FRY A B kY 2w e G 104%00 o AP $HR I £ E(RSD)RIF8 B T% 1L T

HoB 2 FRERSEFRP S FRPF v esF < 57 £50%0 F > pERERL A

Pl

A

=t

16%2 T » hokth? = F ek RFR G 1~1333ng/L> ¥ A= & 05 g iRl
2 TR ERHEULOQH = & 702 7 A= &~ 5 5 09ng/L & 1.0ng/L - »F 5 x4
HRAEEZAESGT T~ Er)EFRR ZFDTERFFR L 007%~028% 0 354

FCREARLgE N o
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Determination of Synthetic Polycyclic Musk in Aqueous Samples by
Microwave-Assisted HS-SPME & GC/MS

FEI T H B
F=P &+ FiLE X (*wding@cc.ncu.edu.tw)

2

A s @Té it & 4 (synthetic musk fragrances) ¥ — f& A ZAx i€ * fi %A~ 4k~
MR B S BAKEA S B R H R BT VARGFR S KR
P RS PITRRRE LAY Ry GEPRT AL A RB SV EE S P4

$i%%ﬁﬁﬁ+ﬁ@05ﬁé$ﬁﬂ’Eii‘%¢‘ﬁ¢ﬁ%%ﬂ¢W$ﬁﬁwﬂ

?Iﬁ»ﬁﬁ&?é fbéi%ﬁvf?iz"od%??ﬁztﬂﬁf;?é vEp R gt ok A d bl s
f LINER Y P gt 0 B D B A S0 s e AR ﬁ_%?ﬁztﬂﬁ%é v &P
ESR A

NG VLR A RS T A Je 3 B~ ;% (Microwave-Assisted Headspace Solid-Phase
Microextraction * # & MA-HS-SPME)§ 1% & &-cin idZ o 3% IR B KR 5B~ B ¥ 2
1% Iﬁi‘ﬁ@‘ré it & 4~ (synthetic polycyclic musks)> £ 5 & § 40 & 47 T &R i Pl & o
Bod it enE BiE 2 2P 20mL kR E T 40mL IRk BRAE TR MA S 1) /,’l‘
4e 4 gNaCl > & * 65 um PDMS/DVB gk e 180 W T e 3 5B 4 o 4h - T2
(Limit of Quantification » #§ f LOQ)™ > 0.2 ng/L > & %% -kt ¢ > HHCB &2 AHTN 3 2
R R Iﬁi‘ﬁ@‘ré it &4 ,l‘zf%i%iflt T EEEA12 3 373 ng/L 2 B '?*ftff
GBI O08L c AT HFERE D E > B BRNALERLTRPIEE T U ki

Bkt SRR PR T RIRT
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Btksr 27 AR T
Study on Methyl Mercury Analytical Technique in
Environmental Samples

BERB - FAo s q L FH A BLE
%% Ik B ¥ % 7 (mrhsu@mail.niea.gov.tw)

P TR AR AR RS
A CHARINL THARWEFAFRTE S E 7 A
2 ARPIFEMTZ A2 - o AP Y HEBRBEAT A A WE REF)Y 5 AR T

Mﬂ’i"‘fﬁf’% P2 S REak ) v ) 2 T 33 R A 5P~ (Solvent

Extraction, SE ) | w0 ad® 2 " &4 Z §F RS+ ¥ R RPIHI(CVAFS)*t > 4§ 02
AEP v ARGF AN A2 A 4F 2 P o 4 S ik ) i - CVAFS R 3t #¥2. MDL

2. MDL ¥ i£ 0.08 ng/g > 4p B 28 R fﬁja"i

F 0999 M R TEBESFFRFESZ 2SI BREETAL 884 % &

» WRER G 852 ~105.2% -

¥ 3.0ng/g; 2 H AL SE-CVAFS # 7]
FER & 86.96

~1048 % ; 2 EKEH B E 5 102%

Mats cFAMGBALS 7 AR
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Evaluation of Dioxin in Ambient Air using High-Volume Sampler

AR R et A s T AR R E ]
"R TR B R % TR R % T (ychsu@mail.niea.gov.tw)
BTN & ¥ iy o
3d¢p“h%?%%Fid~

¥ &

AARE PR RE P AT BB EEE S F U EA N F NRE Y A
FRRRFORAATRABEELAGEERRF AT RGP OE R B o FIURRF
FHRBHHTD AR E3I AL TERRBEIF PR BRI R EFAT IR LA
FEFHIESEFR S FIF PR R I LR T FHTE ORALAF S A
FCRAPTAF > LR T LN P REFE S FRB LG oRF L B 5
mEARF G 2250/minc FUPRRBEZF P FBRAFE T - BRSTEALE=

XU b R 2 E T ERE T R R R H A g B A

EAorF AR R ENFELEe L R PR P A D22 F 0
B g

HER B3 A 25HES 2 P HF BT E7000/miny ¥ ¢ § 5 R P e

KRBT UG OER R SEMRRL R
FERLAA IV ELERILRERL FRF  ALRPZF PRI LS
B2 ERFRE I oA H 0 L A EEA BRIV LA RBERSBFAT ¢ c ki
%ﬁi@ﬁ’ﬁﬁﬁﬁ%wﬁ4# FRAPRAHRRERE T EIHEEBLEY

WERHBERPN LG E L LB R R BT TR AR 2 2L B £ kg o

PEREETECAERB T F HIRE (HVseries) e~ X HEMPEFPN - 5% 7 b
For B TP APHE L 5 0560 o BT AR E AL PR G iR B anbRiRiE S T o
PFAERTNER A F I ERBE T FHEREE PSAIHRBR B HREELE o pE

Bot5% L o KA R BRE D F R EL 0B do% # 40 P 700 Limin > fAp b e



BFAEPAR > R % PS-L B EPL R g A b 0 1 h 10% N o S 5
o AE LA SRR A ERE T R RN 0 T PSR
AP BiTo#r  HVseries kB 5 # P R BRI LA P HFEHRA TR YA REFT 7 0
Jop BT SRR LB oA 4 o Y SRR F Y L ER A AP BB

B TR TRIEZ BT TR -

B4t D4 B 2 (Dioxin )~ % F # # (Air Sampling )» 3 i £ % B 5 # # % B(High Volume

Sampler )
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7% 1t enaryl hydrocarbon receptor 2 glucocorticoid receptor (7% 3 i€ %
Crosstalk between Activated Forms of the Aryl Hydrocarbon Receptor
and Glucocorticoid Receptor

= oy 1 45 12 2 % 6~ 3 % 2 4 i 112>
IR SR HE BT F R AT FRERTE

Y b e LR W e
PR EEZAF S CHHES L EFT T (Ygjsu@mail.ncyu.edu.tw)
TR BRI PEET T
CHEAMBEE A LT A e LRk

Abstract

Pyrene, benzolalpyrene (BaP), and indeno[l1,2,3-cd]pyrene (IND) are polycyclic
aromatic hydrocarbons (PAHs) with four to six annealed phenyl rings. Dexamethasone (Dex)
is a synthetic agonist of glucocorticoids. This is the first report showing that BaP and IND
distinctly enhanced Dex-induced transactivation of the glucocorticoid receptor (GR). The aryl
hydrocarbon receptor (AhR) ligands, BaP and IND, did not directly activate the GR, and Dex,
did not activate the AhR. Whenever BaP and IND were added to Dex-treated cultures, they
were present with Dex for longer periods, and higher enhancement of Dex-induced
transactivation of the GR was found, which indicates that the freshly activated AhR is
essential for synergistic interactions with the activated GR. The degree of enhancement of the
Dex-induced transactivation of the GR by PAHs, BaP = IND > pyrene, paralleled the potency
of PAHs in activating the AhR. This synergistic interaction was more distinct in an ovarian
granulosa cell line (HO23) than in HepG2, 293T, and Hela cell lines. In addition, Dex
suppressed BaP- and IND-induced transactivation of the AhR and decreased BaP-induced
cytochrome P450 (CYP) 1A1 expression. Dex also counteracted the BaP-induced decrease in
cell viability. Increases in both stress and pollution have accompanied the development of
modern society and cities. Furthermore, ovarian granulose cells are essential for reproduction.
This report shows the significance of in vitro endocrine-related results, which provide a clue
for molecular studies of an interactive mechanism between the AhR and GR, and should be

confirmed by future in vivo studies.
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Establish Living Transgenic Zebrafish to Detect Environmental Estrogens

Chung-Der Hsiao* (*cdhsiao @cycu.edu.tw)
Department of Bioscience Technology, Chung Yuan Christian University

Abstract

The environmental estrogens are environmental pollutants that can trigger estrogen-like
response for human or other animals. Several different kind of environmental estrogens such
as the pesticide DDT, biphenol A and PCBs have been extensively reported to reduce the
sperm mobility, induce the sex reversal or mammary cancer. Therefore, how to detect the
potential environmental estrogens pollution has become an important and public issue today.
The current methods to detect the environmental estrogens are largely relayed on
electrochemical technology, blood vitellogenin measurement or cell-based reporter assay.
However, these methods are suffered from the drawback of either high cost or lower
sensitivity. The specific aim for this study is to build up an simple in vivo assay method to
monitor environmental estrogens in a non-invasive manner. To achieve this goal, we created
one stable transgenic zebrafish of Tg(vtg-4.1K:EGFP) that harboring EGFP reporter gene
under the control of 4.1kb vitellogenin (vtg) promoter. Normally, the vtg gene is exclusively
transcribed in female liver during reproductive season. However, the vfg expression can be
ectopically induced in male liver or even in embryonic stage after exposure to environmental
estrogens. As we expected, the synthetic estrogen of EE2 are able to induce EGFP expression
in the liver of transgenic embryos when exposure to EE2 higher than 100 ng/L. To enhance
the sensitivity, currently we sought to use adult transgenic male to evaluate the dose- and

time-dependent induction of EGFP expression by EE2 and other environmental estrogens.
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Induction of Reproductive Toxicity in Male Rats by Motorcycle Exhaust

Jing-Ying Huangl, Yi-Chun Liu', Ping-Kun Chan', Huei-Chieh Yu', Shui-Yuan
Lu', Jiunn-Wang Liao?, and Tzuu-Huei Ueng'
'Institute of Toxicology, College of Medicine, National Taiwan University
*Institute of Veterinary Pathobiology, National Chung-Hsing University

Abstract

Motorcycle exhaust (ME) is a major source of air mobile pollutants in urban areas
where motorcycles are a popular means of transportation. ME poses a potential health
hazard because the gas phase of ME contains carcinogens benzenze and 1,3-butadiene and the
particulate phase contains carcinogenic polycylic aromatic hydrocarbons benzo(a)pyrene and
benz(a)anthracene. The major objectives of the present study were to investigate the male
reproductive toxicity of ME and the underlying mechanisms of toxicity. Male rats were
exposed to 1:10 diluted ME by inhalation 1 hour each in the morning and afternoon, Monday
through Friday, for 4 weeks. ME inhalation produced marked decreases of sperm content in
the testis and the cauda epididymis. ME caused histopathological changes including testicular
spermatocytic necrosis and seminiferous tubule atrophy and cauda epididymal formation fo
clusers of pyknotic and necrotic sperm cells. ME induced testicular proinflammatory cytokine
interleukin (IL)-6 protein level and mRNA expression.

Cotreatment with vitamin E at 50 mg/kg orally for 4 weeks reversed the ME-mediated
decrease of spermatid number and induction of IL-6 protein and mRNA in the testis.

The present findings show that ME causes male reproductive toxicity and induces
testicular IL-6 in rats by mechanisms involving induction of oxidative stress and inhibition of

steroidogenesis.
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Mg E 2 s A F 31 ¥ R (Rana limmocharis)
P4 #—v @0 ' (Vitellogenin)Z 2 58
Effects of Natural Estrogen and Bisphenol-A on Induction of
Vitellogenin in Rana limmocharis
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B2 b s REF A RE AL YA ML Ok A RBFR T e A el
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oo AFT 7 E Y FIE (R limmocharis) {F 5 2y ARE g% (17B-estradiol) 2
f= A(Bisphenol-A)= % 2 +w X 2 {5 > ER|HMP P35 F9 = F (vitellogenin, VIG) 7 &
g%t iY 35 - VTG R 2 BioRad 2. Experion Pro260 p # 7.4 & #7 R £ B F P F kv
ZAp k2 - QFFEY  ERBIPF R A H VIC FEF S EFF o ORR

lt“’\ﬂ

AT RERT C(DFEAF LTS R EERARE Y SRR B
F6OF b2 02% 0 ApE T HBEY VIG F 8913 i o Q) AT AR 0 SE
% HEIE VIG g s A W Ac(DiGEMF % ? FIR VIG i EF 8 A9 %7
A2 VR R R AERE DR o T PR LT MR R A G

FE€ @ FIEMpN VIG A2 A% d Bk Pl ik

BE4EF @ %E - PR v B F - e - Experion Pro260 B # % kA 47 ik
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The Effects of Decabrominated Diphenyl Ether on the Offspring
Development and Early Neurobehavioral Through Breast Milk
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SR SE- Sl Se b Sk - g

i

e
A7 $ & -8 F f(Decabrominated Diphenyl Ether ; PBDE 209)&_— f& e st 4&| » ¢ *
B 2T AR S o ARG A EEERFF Y LR FRA LR A
TR AR E. o0 WH LR AR FR R EEREF B LD LN RY
< 1’%#]5 T R F RN A SR P 55§ %5 ¥ p(polybrominated diphenyl ether; PBDEs) »

#9 4 #32PBDE 209 F7 5 B o4 14 148 825 B> PBDEs > f # (5 ¢ A T

j,t.'}io—ﬂ;‘}'la{/ U,,tm“%l,}gya;\z-ﬂz s AR #”f*"é}f‘_i— ,g@'—.’,jq;ﬁ‘-
#Fdof 2Tk B> PBDE 209 3+ R T2 A LF AL PP ALY B %
FieRgd R A B> PBDE209 5 5 2 3 4 507 5 o

73,4 ICR 2 A Wit gA - BRE L & ljgfggqg_‘_gg_ﬁ g 8o ER A
ARG 4R X 584 a 5~ 10~ 100 ~ 500 & 1500 mg/kg < PBDE 209 - 4 e s 3 B 4k

LAY S B

PIgES o LI G R A s (E L va- hE p kiR e of B R B
FT O CHMERM AN FR LS L) CAGERR  BROFFEF THE O
PRFASPAHGEEFIRFE FHERBAECPERER (¥ 37X T g 1 FE% (% 5-9days) -
fABY 12k (6,8,10 %) ~z ¢ ful F stz (12-15% ) 2 w s @# (14-16 %)
ERYPH LFLFH TR E IR EEF LS R T 4 % iR (Ano-genital
distance; AGD) o

PHEEL  AFTHE S BN FRCEL CET CDFE CBROFF R
BREY BFELR L AMEPF 1500 mgke ik Bk FLE @ L (100
mg/kg Fe f2rgh) o Hity < RIEF &6 B2 AGD > R+ 5 8 & 100 mgkg 2 1500
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me/kg Jr i 5 AGIAGD/AL £)3 ¥ /| £ 41 2.(p<0.05) > 2 % & £ 100 me/kg 5 o
1 AGI |- 3+ 41 5.(p<0.05) » & B0i 4517 5 2 ST A Sk RIS et H (K R A %
PR 236 (TehiB B F FRTH)ITE 2% AP B L 2P IH F At vl D
AEFEFHALL - LE > AFTRRINBAPENE T I I AHE-F R BB
U-shaped 4%t » & &g %25 % B o

A AELAHET AR GG SRR S RRE BFF RN
AGl: ABRBIFEY » FEFE- HAmine AN SFL 35 RAEAPEIZ TG
3% sk LRI BARK G F SR 0 # GAIR-F b B L U-shaped 48% - 19— H1F
i PBDE 209 $Hid Sl 54 - 5 0 6 B p AP LR AL D00 FE Rk
PBDEs - = £ ¢ § R % > Flot » A7 A kM- HEFHERE AL EH 2 G

_%.'I‘io

M43 o % 578 F E(polybrominated diphenyl ether) ~ -+ ;4. 5% % fi*(decabrominated diphenyl

ether) ~ & #7 #¢ % {7 % (early neurobehavioral) ~ % 5 (development)
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wWASE R P P % F % (vitellogenin) ~ 3214 % (testosterone) %
¥4 % (17B-estradiol) 2. ip| =_
Measurement of Vitellogenin, Testosterone and 17f-estradiol
Concentration in Malformed Frogs

%J‘"AI*\E&,&K_@ 2\'1‘;;&’%3
'E ERPH A FREFTRE L L (daji@msl9.hinet.net)
2 5 . ) 1L o 1o )
FRFECFIFFRERR L HF )
RO SEF ¥ e s

2

AR T BT 2008 & T~9 4 B BIEE L EE Y - F R IEAT Tea i B
Fatif 2 @ 2 g enikeag FlF 0 AT T A R T R AR E W TR e m B R
(vitellogenin) ~ 221+ % (testosterone) 2 ¥+ % (17B-estradiol)2. & £ o P % = H % k& A 17
BRM 0 B BIEGA A A2 P B P AR A Y L 1.4620.6lugmg 2
2.1540.87pg/mg ; KB E1EA5 N4k & A kA w5 2.23+1.47ug/me 2 3.00+1.73pg/me ; 1
TP AR R R AP W T REAR A YL 1.0920.56ug/mg % 1.47+0.85ug/mg -
M FERE AR T 0 3B B R A5 20 35 (146.17461.2pg/mg) ~ K B K A, o
(186.37+96.8pg/mg) * & ¥ = 4k(218.74£112.1pg/mg)= K ¥ mAF ¥ L B o spit kAR A
17 8T 0 B B EwE A5 2 44£(0.0240.06ng/mg) ~ A kK A5 2 35(0.0240.01ng/mg) 2 ¥ 2
3£(0.02£0.02ng/mg) & 7™ & PP A A R 5 B A EvwA)* 4£(6.4542.63ng/mg) 2 K ik ik A
3£(9.00+5.18pg/me) Pl e *t it ¥ #* 2£(3.91+2.77ng/mg) » S {7 % 8o 0 F HEE L
BIEL P R GEANEIRY rR m T 305 B Rk o £ A P R ApiE e R R
BOTE K UpkE o SRR T A A AET b Aen Y BITRS lplt E 2 B

(estrogen-like) °

a4tz e Assd ~ P & (vitellogenin) ~ 2244 2 (testosterone) ~ ¥4+ 2% (17 S -estradiol)
F
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WwERAFIEEN NS LAB/EL VR
Ecological Comparisons of Growth and Feeding between
Pomacea canaliculata and Pomacea scalaris

FARF > Blp S

K= P L= B X4 $ 97 (*lilian@mail.nsysu.edu.tw)

e
A5 & 8% (Pomacea canaliculata)i$1980& 513 ~ 62 (5 » B A G2 824 Fu
I4h > LB iEE LR (Pomacea scalaris) &4 30 F 502 Bk - & o rf T R A
AR P RENHUAGE R AR B AR > Flt 0 AR B FARER U E B4R A R0
OS2 v e 5% BT B AARSR BT X A er ) cniit PR (104513 1) 46 E
(122423 % )@ > 2 45 Rk ch2 R A > A ABE R £ FRF > O3 5 8
GABBAE NP AL D O ETSP 2 A K A2 A s y=0.29x+ 1.09 (p <
0.001) » H3iA 4 5 y=0.16x+ 168 (p< 0.001) ; # 4 5f i+ . 51t i T » 45 47
BT W E A SO YRR RS EE AR FEAMELE

& 4 i AR E LRI 1 i e (14207 )45 E (291072 ) E > T ARA YL & p

b

T it & (AD o approximate digestibility) (44.41424.02%) %% 5 5 p 2 2R P

AYTER A FFBAMLET A BRI ER S > A H RN AT TR

ST R AF IR EAKF R A S0 "Cie S NE L

B RREFREEPT P REI P IR EREF S 490

AYETER o BRAL AE FHT A AFBFHASCEESNER I EELE 475
B

PEGESRR G AW BAARZEHUAEENSL R LiRE A R B

Mtz 45 3E 1% (Pomacea canaliculata) ~ 1254534 Y% (Pomacea scalaris) ~ = & (growth) ~
#% 8 (feeding)
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Effects of Prenatal Exposure of PBDE-47 on Spontaneous Behav10r,
Learning and Memory in Adult Mice Offspring

Biig ' R EFETGRF PR RS
'R R - ﬁii}i %‘fl%i’“'*’”’ >4 142 % (tear9113046 @gmail.com)
2 ':ﬁ = A E i
S e Fg%? T_“—l%‘? %
i &
$ 6.7 ¥ My (PBDEs) 5 - fAI %A > §b s AR fo sy o

2,2'4,4'-tetrabtromodiphenyl ether (PBDE-47) &_PBDEs ¢ iaif » #2 % ip i EA 8 ¢
PBDE-47 #2# 3.x ;¥ 7 PBDEs T 3% R 4p# - * 4 ;7 PBDE LRERURRS RN g
ko AP LAY BN R B PBDE-AT 5 B & (52 B Y gefii 4 en

(Mo CD-1 2 R4l 5~ 2 (GD6) 424 w it 7 PBDE-AT & % - %4 & k& » Al
£ % 5 0.1 mg/kg~ 0.5 mg/kg ~ 2.5mg/kg & 7] GDI17 » fd1 4 {8 % 60 % » j& & 22 &=
— P S REMER 3 E R V382 gy & (openfield) hp 7oA ;0
A 18 66-70 % & (FRIEE Y B 4 oy < okiF® (Morris Water Maze, MWM ) 4
o PEFLERY A Rerb: Sk e FRE 2 (p<0.05) EHE A
= 2t % S endg A 1 0.1 ~ 0.5 mg/kg-b.wday 2 8 8 iE B Rl e i (p<0.05) 0 &
HERFF UAcfl (Ushaped) » & MWM eh& 58 S8l @ i3 F g ¥ £ B o KA A
TP 4apl o v % & % PBDE-47 € ¥+ R B 2AARE A R
9 TR AR I S

k4t 3 @ PBDE-47(2,2'4,4'-tetrabtromodiphenyl ether) ~ p % {7 % (spontaneous behavior) ~

& ¥ 2 2z (learning and memory)
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Effects of Prenatal Exposure of PBDE-47 on Spontaneous
Behavior, Learning and Memory in Adult Mice Offspring

Chen, LW'; Chang, SH*; Lee, CH'; Tseng, LH*; Ho, YJ?; Hsu, PC'
'Department of Safety, Health and Environmental Engineering, National
Kaohsiung First University of Science and Technology; *Department of

Occupational Safety and Health, Tajen University; “Department of Psychology,
Chung Shan Medical University

Abstract

Brominated flame retardants are a novel group of global environmental contaminants.
Within this group the polybrominated diphenyl ethers (PBDEs) constitute one class of many
that are found in electrical appliances, building materials, and textiles.
2,2' 4,4'-tetrabtromodiphenyl ether (PBDE-47) is one of congeners of PBDEs and found with
high level in human cord blood. The purpose was to evaluate learning and memory in adult
male mice prenatally exposed to PBDE-47. Female mice were orally exposed to 0, 0.1, 0.5, or
2.5 mg of PBDE-47/kg of body weight from gestation day 6 (GD6) to GD17. Three male and
female offspring were subjected by random sapling per litter to observe the performance of
locomotion, resting, rearing and total activity for spontaneous behavior on postnatal day 60
(PND60) , as well as the latency of Morris water maze (MWM) for learning and memory on
PND 66-70. The behavior tests showed that the dose-response related on female offspring
mice and the U-shaped related in male offspring mice. No significant changes were observed
in the latency of MWM. The results indicated that mice prenatally exposed to PBDE-47 might

alter spontaneous behavior in female adult offspring rather than the male mice.

Keywords: 2,2'4.4'-tetrabtromodiphenyl ether (PBDE—-47), spontaneous behavior, learning

and memory
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Investigation of Dioxin Emission Factor — A Case Study of Stationary
Pollution Sources Using General or Industrial Waste as Fuel

rRE S FEF S F2EF J‘Mﬂ? FAGAL ~ & A GEF

x
R
@]i‘}‘p’t‘i“’\ CALE SHICEN = 8-
(*ycling @ mx.nthu.edu.tw)

¥ &

PRFARREIE R E RAPFHIH s AR P AR
PR B ET N HBEES IR BB EEEAF R LMK U E FHEE
%%’@ﬁ%ﬁé%éﬁl#ﬁﬁ’wﬁﬁ&&ﬁ%%%%#zFgﬂ%aw96&1
TP MR AR R A EARE A ER RS R A A 2
b AR XIS RN EREGTLR BEFE2E TR RFE ] -
PR G ARE - 1 EAR A EalmipiRE w8 B LB 0 AR F A B R

ZERBIHTFALRY -BEAAPFEAFTERRFZBPELTEI s Mg i
PRI RRIERZE R ESF A FIE § Aol (TiX 2 B aodp B2 331 0 B8
W GHRNFF 2 AL L2 PR PR BETAL

3 96~98 EB AW o FTHIT LR AFZ sz WAR N B 3 B thiie s B %
¢ A FHRE B i1 Rt bl 3 (345.7~27350.3 ng-TEQ/T % 50.8~8268.0
ng-TEQ/T) » 3 hikih B RFAL W3 BB EZ F AP ok # 3 LA X TR -C 2K
B2 £ i /i 3t 496~5009 ng-TEQ/Ton » 43 thficd e F] 5 i€ % A A 5 B es v
AR RPHY 25 RFAZDONAAUGE LI RALSIE PR L LR
BERZP PR F o D M fhlic /i ¥t 16.5~451 ng-TEQ/Ton » B 77 &3k & 1F ~ 4 it 3%

(e fois b o] % B 2 o

BT @ BR3Pl 40 500
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Uncertainty in Dioxin Data—A Case Study of Ambient Air and Soil

Pt b~ RARH S F R A g
MzgE~Fitg 0 % FETRZ
(29523635 @oz.nthu.edu.tw) (*ycling@mx.nthu.edu.tw)

e
FERIRAP AR 2% ALK TS AREY - FEERIYAZF

N

B AR A MR N N o TR DL IR BB S AR AR X MR N 0 R
TAMEE BBREEELFATRE FIPPELINER - PRI BN A IR R

FFFHSERE WA RESHEEFLER CBER R~ RREEF RIEE S UE LR

-

R FFHRE AL T RIL C RBEE o B RHEIE S BPE - R AT

BT R R R E AL R AR A HL T R MR L AR T S -

A

Tt st HBNRFE PIE A A TRF LRI Ar LR T G ondody 0 £ ILfE
WEHIRA > AV EL -

ARG EF R I REL A HEELRSD)E A TR AT 2B

BoFHE R I B DI RIAR RGN EEAORSD FFH BN R A E 2 90~95
EFIMALBEMCRHRTRBEE R F I EL R BRI 2R F AT

i R Eb2 17 i R A RSD 0 F A28 200% > B K i ® 0 Aon B ¥ 3o H
Fo R PAXASLY > FRDEBPEDAST PR EE SRR AR o
BF o L3 E DBt B2 17 fik g i RSD 0 3] K 80% (& F §° ]
60%~80%)> FEi D BLp g B ¥ o 2 B R 3 Hdp2 T ¥ RSD# B 4 *2 70%~90% -
HER TR TR T RREFRAIOI HRE FREL R BRY FRE o

- + =

TRLE T H T2 ki o

Mz R F AR A AL AT IR L
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BEHPFRBBDEATHIRI A 2RAFETE 2RSS Y
Effects of Prenatal Exposure to Tetrabromined Diphenyl Ether (BDE-47)
on Developmental and Reproductive Toxicity in Mice Offspring
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% 4.5 ¥ i #F (polybrominated diphenyl ethers, PBDEs)#_— &5 % [e %] » ATk 5 &
4 f 5k 35% fg Rl d) PBDEs - @ w 8. ¥ fi(tetrabromined diphenyl ether, BDE-47) » & i3
BARE RA2 9 B L PBDEs Fildr 0 ¢ & L 30T B T LKA o AT R
FiE % kS BDEA4AT chs 8 B A FHE RN EF T2 2L w2 G F B
MEAETPEHFO6XIF 17X E P T gA&SINEFEE > HE 4% % 0(com
oil) ~ 100 ug BDE-47 /kg ~ 500 ug BDE-47 /kg ~ 2500 pg BDE-47 /kg - *+ 1 4 {838 (7 4 &
BT EROLN R B XBFAAM N AT T EFFRAAEE 500 pg BDE-47 /kg
g E R b Pt T EEFLE (p<0.05)o2 £ 5 > G 0500 pg BDE-47
/kg @ #F A 4 £ ?#F] o BBk o S R AGE 2P ¢ RS (anogential
distances, AGD) » ™ H8 € R I 1 2. BB S5 33t~ 781 0 500 ug BDE-47 /kg i ¥ AGD
ﬁ@: ' X I EFIEEFLR (p<0.05) - @ k% BDE47 chF A K> HHF A E R ¥

FIEFLE (<0054 F i > 5o k4 it (Mitochondrial Membrane Potential,
MMP)100 ug BDE-47 /kg #p #3425 8 ¥ 04 £ (p<0.05) 5 » B+ 5 it 4~ (Reactive
Oxygen Species, ROS) 500 pg BDE-47 /kg f|i& %zt F endg F £ B (p<0.05) » #2305 511
FRFATREEA F2Z RAAMIEEA C RA A M G R HFHET 02 Ay
FERBBFOCEFTEMAEBF PAEZ BDEAT  dow PRI R T B2 A
@ > % = PBDEs e B FHAFA AR BLELT 2 ER TR

M4EF @ ST TR e AEMIE NEEG  F Y 4R
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