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SUMMARY 

Over the last 50-60 years, a growing body of evidence suggests thai numerous chemicals, both natural and 
man-made, may interfere with the endocrine system and produce adverse effects in human and animals. 
Scientists often refer to these chemicals as "endocrine disrupters" These chemicals, e.g 2,2-bis-(4-
hydroxyphenyOpropane (BPA), 4-tert-octylphenol (OP), 4-nonylphenol (NP), di-(2-ethylhexyl) phthalate 
(DEHP), Flutamide, Parabens etc. are found in many of everyday used products, including some plastic bottles, 
metal food cans, detergents, flame retardants, food ingredients, toys, cosmetic consumer products, 
pharmaceutical preparations and pesticides. Although, human may expose to endocrine dismptors through food 
and beverages they consume, medicine they take, and cosmetics they use, limited scientific information is 
available on the potential adverse human heallli issues Further investigation is needed to elucidate in greater 
detail the adverse effects of environmental endocrine disrupting chemicals on the epidemiology, immunology, 
pathology and molecular biology in order lo provide a robust and reliable assessment to consumers pnor to the 
direction m the use of several products in their life 
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GENERAL BACKGROUND 

Endocrine disrupters can mimic or partly mimic 
naturally occurring hormones in the body, i.e., 
estrogen (a female sex-steroid hormone) and 
androgen (a male sex-steroid hormone) and thyroid 
hormone, potentially produce detrimental effects, or 
bind to a receptor within a cell and block the 
endogenous hormone activities. Many of these 
chemicals have been involved in developmental, 
reproductive, neural, immunological, and other 
problems in wildlife and laboratory animals. These 
chemicals have also been referred to as endocrine 
modulators, environmental hormones, and endocrine 
active compounds. Hormones are produced by the 
endocrine tissues, such as ovaries, testes, pituitary, 
thyroid and pancreas, and then secreted into the 
blood to act as the body's chemical messengers 
where they direct communication and coordination 
among other tissues throughout a body. For instance, 
hormones work with nervous system, reproductive 
system, kidneys, gut, liver and fat to help maintain 
and control: body energy levels, reproduction, 
growth and development, internal balance of body 
called homeostasis, responses to surroundings, 
stress, and injury. Endocrine dismptors may interfere 
with body's own hormonal signals because of their 

structure and activity. Environmental chemicals with 
an estrogenic activity are probably the most well 
studied, however the chemicals with anti-estrogen, 
androgen, anti-androgen, progesterone, or thyroid­
like activity have also been identified. Although 
there is little evidence to prove that low-dose 
exposures cause adverse effects on human health 
issues, a large body of research in experimental 
animals and wildlife suggests that endocrine 
dismptors may cause reductions in male fertility and 
declines in the numbers of males bom, abnormalities 
in male reproductive organs, female reproductive 
diseases including fertility problems, early puberty, 
and early reproductive senescence, increases in 
mammary, ovarian, and prostate cancers. 

SUMMARY OF IN VITRO AND IN VIVO 
STUDIES ON THE ANTIANDROGENICAL 
ACTIVITIES OF DI-(2-ETHYLHEXYL) 
PHTHALATE (DEHP) AND FLUTAMIDE 

Moreover, a large group of environmental 
pollutants, are believed to act as agonists or 
antagonists of androgens and estrogens, which are 
key hormones involved in many physiological 
processes. These pollutants have been linked to male 
reproductive defects in humans, including an 
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increase in the incidence of testicular cancer 
(Forman, Moller, 1994), and declining semen queility 
(Andersen et ai, 2000). In addition, liDs have been 
linked to developmental problems in the testis and 
reproductive tract, including reductions in fcrlilily 
and litter size, induction of cryptorchidism and 
testicular atrophy (Fisher et at., 2003; Mylchrccsl et 
al., 2000). Adverse trends in human and animal male 
reproductive heallli, particularly with regards lo the 
regulation of environmental factors, sugge,sl that 
future generations will be at greater risk. Previous 
reports have suggested tliat male reproductive 
system disorders, which often originale during ihc 
fetal stage, can appear as testicular dysgenesis 
syndrome (TDS) alter birth (Sharpe, 2001). 

Recently, environmental, anti-androgenic 
compounds have been recognized as endocrine 
dismptors (EDs) because of their hormone-like 
activities (i e, thereby stimulating an androgen-
dependent response). Anti-androgenic chemicals 
have the potential to interfere with male reproductive 
development and function in humans and animals. 
The EDs are thought lo act via many mechanisms, 
including: decreasing androgen synthesis, exerting 
effects on the pituitary-gonadal axis and/or blocking 
the androgen receptor (AR). The consequences of 
these actions may cause abnormal hormonal 
regulation and gene expression. It has been 
demonstrated that the AR plays a critical role in the 
control of male sexual differentiation. During 
mammalian sex differentiation, the androgens, 
testosterone (T), and its metabolite, 
dihydrotestosterone (DHT), produced by the 
fetal/neonatal male durmg sexual differentiation, are 
critical factors in the male phenotype (Wilson, 
Tarttelin, 1978). Sex development continues 
postnatally with the onset of secondary sexual 
characteristics at puberty, and the acquisition of 
reproductive capacity. In addition, the differentiation 
of the Wolffian stmctures (e.g., the epididymis, vas 
deferens and seminal vesicles) appears to be T-
mediated, while masculinization of the prostate and 
external genitalia are controlled by the more potent 
androgen DHT. These developmental events may be 
influenced by ED-exposure via an AR-mediated 
mechanism in which the ED acts either as a hormone 
agonist or antagonist (Gray et a!., 2000). 

A variety of chemicals present in the 
environment have the potential to interfere with the 
nomial function of the endocrine system. While 
there is good agreement that these compounds may 

induce reproductive, developmental and behavioral 
changes at high doses in experimental animals, a 
discussion still persists about whether low, human 
and environmentally relevant, doses may also 
contribute lo the induction of disorders in humans 
and wildlife (Andrade et al., 2006; Daston et al., 
2003). In fact, androgen deficiency caused by 
exposure lo antiandrogens during critical stages of 
development results in various sexual aberrations in 
male animals, including a decrease in the anogenital 
distance (AGD), an increase in nipple retention, an 
underdevelopment or absence of reproductive 
organs, malformed external genitalia (hypospadia), 
undescended testes (cryoptorchidism) and decreased 
sperm concentration (Gray et al., 1994; Mylchreest 
elai, 1998; Ostbyelai, 1999; You, Sar, 1998). 

Experiments on developmental toxicity of di-(2-
elhylhexyl) phthalate (DKHP) and potential risk 
assessment 

Phthalates arc well-known as reproductive 
toxicants in mammals. Tlie toxic effects of this ED 
class on the reproductive system have been observed 
in many previous studies. And, recent reports 
demonstrate the ability of these compounds to 
dismpt the sexual differentiation of the male fetus 
(Gray et ai, 2000; Mylchreest et at., 2000). The 
spectrum of effects induced by prenatal exposure to 
activated phthalates like di(butyl) phthalate (DBP) 
and di(2-elhylhexyl) phthalate (DEHP) are believed 
to arise fi-om dismption of Sertoli cell and Leydig 
cell functions in the developing testis (Fisher et al, 
2003; Sharpe, 2001). The consequences of high 
dose, maternal phthalate exposure include reduced 
anogenital distance, retained nipples, undescended 
testis, hypospadias, small accessory sex glands and 
epididymal and testicular abnormalities; all of which 
have been observed in male offspring rats (Gray et 
ai, 2000; Moore et ai, 2001; Mylchreest et al, 
1999). A number of these reproductive tract 
anomalies are characteristic of disturbances in 
androgen-dependenl development. In addition, 
disturbance of normal gonocyte development 
resulting in multinucleated cells and subsequent 
changes in testicular function (e.g., reduced sperm 
production) have been associated with abnormal 
Sertoli cell function and proliferation (Fisher et al., 
2003; Li et ai, 2000). Di-ethylhexyl phthalate 
(DEHP) was widely used as a plasticizer in 
commercial products (Kavlock et al.. 2002). The 
effects of DEHP on male reproductive development 
have been well studied in rats (Andrade et al, 2006). 
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In addition, phthalates and their metabolites can be 
released fi-om such products and have been detected 
in the environment (Kolpin et al, 2002), posing 
potential health risks for humans and wildlife. 
Infants may be exposed to phthalates in the womb 
(Silva et ai., Feb), via breastfeeding (Mortensen et 
al, 2005) or fi-om medical devices in neonatal 
intensive care units (Green et ai, 2005). Although 
DEHP has been reported to modulate fetal 
testosterone production (Borch et ai, 2006), 
testicular physiology, and mammalian reproduction 
and fertility (Supomsilchai et ai. 2007), the exact 
mechanisms by which DEHP exerts detrimental 
effects on body have not yet been fiiUy elucidated. 
Previous studies have demonstrated the adverse 
effects of DEHP on the hypothalamic-pituitary-
gonadal axis in neonatal female rats, as well as on ex 
vivo steroidogenesis in granulosa cells (GCs) and 
secretion of LH by gonadotropes (Svechnikova et 
al., 2007). Moreover, exposure to phthalates during 
reproductive tract development reduced the number 
of Sertoli cells (i.e., the major somatic cell type, 
which supports spermatogenesis) (Sharpe et ai, 
2003). hi addition, DEHP and its metabolites 
decreased testicular testosterone levels in rodents 
(Jones et al, 1993), suggesting potential impacts of 
these contaminants on Leydig cells. A recent study 
indicated that a variety of steroidogenesis related 
genes were altered following phthalate- exposure 
and a down-regulation of most of genes involved in 
testosterone (T) biosynthetic pathways was 
observed, indicating the potential mechanism for 
decreased T synthesis induced by phthalate exposure 
(Barlow et al, Jun). Other study has reported a 
similar genetic response in the fetal and prepubertal 
testes of rats exposed to these environmental 
chemicals (Lahousse et ai, 2006). 

The potential adverse health effects of Flutamide 

Other chemicals such as Flutamide (FLU) are 
non-steroidal antiandrogens that inhibit androgen 
uptake and/or nuclear binding of androgen in target 
tissues. This chemical is well known as a potent AR 
antagonist, having been widely used in studies of 
male reproductive development. It has been 
demonstrated that pre- and postnatal FLU exposure 
to rats may alter androgen-dependent reproductive 
development and function (Imperato-McGinley et 
al, 1992; Kassim et al, 1997). FLU chemicals 
exposure also increases plasma LH levels and 
stimulates intracellular stwoidogenesis in rat testes. 
In addition, lower ventral prostate and seminal 

vesicle weights have also been reported, suggesting 
that FLU exerts anti-androgenic effects on androgen-
targeting organs (Mathur, Chattopadhyay, 1982). It 
has been indicated that exposure of rats to FLU 
caused a dysregulation in expression of 
hypothalamus/pituitary hormone genes and 
consequently this may affect gonadotropin release 
and induce an over-expression of testicular 
steroidogenic enzyme genes (Ohsako et al, 2003). 
Recently, investigators have reported adverse trends 
in male reproductive health, including an increasing 
incidence of testicular cancer (Forman, Moller, 
1994), low and probably declining semen quality 
(Andersen et al. 2000) and increasing incidences of 
cryoptorchidism, i.e. undescended testis, and 
hypospadias (Paulozzi et al, 1997; Toppari et al, 
1996). Both the increased incidence of testicular 
cancer and decreased sperm quality have shown a 
birth-cohort effect (Bergstrom et al, 1996; Irvine, 
1994), indicating that there are more problems in 
younger generations. Additionally, it has been 
proposed that all of these disorders have a common 
origin in fetal life, and thus, they all represent 
different symptoms of the same underlying entity 
called the testicular dysgenesis syndrome (TDS) 
(Asklund el al, 2004; Sharpe, 2003). A previous 
animal study also demonstrated the potential impact 
of these compounds on the male reproductive system 
during the "critical window" of development in a rat 
model. FLU chemicals were altered in gene 
expression in the testes and exerted distinct anti-
androgenic effects on the male reproductive system 
(Vo et ai. 2009). The consequences of ED exposure 
need to be investigated to elucidate the mechanisms 
underlying their adverse effects on the reproductive, 
neurological and immunological systems. 

RISK ASSESSMENT OF ENDOCRINE ACTIVE 
ESTROGENIC COMPOUNDS: BISPHENOL A 
(BPA), 4-TERT-OCTYLPHENOL (OP), 4-
NONYLPHENOL (NP), AND PARABENS 

Environmental Bisphenol A (2,2-bi$-(4-
hydroxyphenyl)propane BPA) chemicals 
impacting brain development, cancer risk, 
reproductive and developmental endpoints 

Some man-made chemicals mimic the hormones 
naturally made by the body or dismpt normal 
hormonal actions. One of the most prominent 
xenobiotic estrogens, frequently called xenoestrogen, 
is Bisphenol A (BPA, 2,2-bis-(4-hydroxyphenyl) 
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propane) (Committee on Hormonally Active Agents 
in the Environment, 1999). Bisphenol A is an 
industrial chemical used in the manufacture of 
polycarbonate plastic and cpoxy resins, Bisphenol A 
IS used in numerous consumer products, including 
food and water containers, the inside lining of cans, 
in some types of baby bottles, an in some dental 
fillings (Welshons el al, 2006). The pollution of 
BPA into food or water from plastic containers has 
been influenced by the manufacturing process, 
storage conditions, and heating by users (Howdcshell 
et al, 2003; Hunt et al, 2003). In one study, BPA 
was detected in polycarbonate baby bottles after 
dishwashing, brushing, and boiling. Levels of BPA 
detected in liquid held in 12 polycarbonate baby 
bottles exceeded Sjig/L after 51 washing cycles 
(Brede et al. 2003). Some brands of dental sealants, 
commonly applied by dentists to protect teeth, 
contain BPA, and may be a source of exposure lo 
BPA at concentrations that show health effects in 
rodents (Joskow et ai, 2006). These chemical 
components used in these increasingly chemically 
complex products have been shovm to possess the 
principle adverse health effects. More recent shidies 
continue to show the effect of exposure to BPA on 
alterations in brain development, specifically, in 
laboratory animals altered sexual differentiation, 
accelerated puberty, and altered reproductive cycle 
(Maflfini el al. 2006). BPA has been found to mimic 
the actions of estrogen in developing neurons, 
resulted m alterations m the regions of the brain 
associated with sexual differentiation. Low doses of 
BPA can disrupt important effects of hormones in 
the developing brain, and associate with impaired 
leammg and memory (Kamrin, 2004; MacLusky et 
al, 2005). Like an estrogen hormone, BPA is critical 
cues for brain development, so is the receptor to 
which hormones bind to effect cellular changes. 
BPA modulates the receptor of somatostatin, a 
hormone that inhibits the release of growth hormone, 
thyroid stimulating hormone, and insulin. BPA 
altered the expression of brain somatostatin receptors 
at 400 ng/kg/day of BPA (Facciolo et al. 2002). 
Low-dose exposure to BPA increased progesterone 
receptor RNA message levels at 400 ng/kg/day 
(Funabashi el al, 2003). Aloisi et al (2001), noted 
changes in estrogen receptor RNA levels at 40 
(ig/kg/day of BPA (Aloisi et al, 2001; vom Saal et 
al, 2005), whereas Ramos et al. (2003) noted 
changes in estrogen receptor RNA at 25 |ig/kg/day 
of BPA (Ramos et al, 2003). On the other hand, 
BPA has been shovra to alter the expression of 
receptors that are mvolved in regulating the brain 

control systems that coordinate the functioning of the 
reproductive system as well as reproductive and 
other social behaviors. Several studies show that 
low-dose exposures of adult male rats, at levels 
between 0.2 and 20 fig/kg/day reduce daily sperm 
production and fertility (Al-Hiyasat et ai, 2002; 
Chitra el ai, 2003a; Chitra et ai, 2003b). Male rats 
were administered low-doses of BPA, which 
exhibited decreased sperm count, decreased 
testicular and epididymal weights, and increased 
prostate weights (Chitra et ai. 2003a). In the studies 
by Al -Hiyasat AS (2002) and vom Saal F (1998) 
male mice given extremely low doses of BPA also 
exhibited reduced sperm production (AI-Hiyasat et 
ai, 2002). Altered hormone levels may be associated 
with changes in sperm production. BPA has been 
reported in concentrations of 2^g/kg/day that 
decreased plasma testosterone in maternal rats 
(Akingbemi et al, 2004; Kawai et ai, 2003). 
Moreover, maternal low-dose exposure to BPA was 
correlated with increased in prostate size due lo 
hyperplasia (cell overgrowth) in the male mouse 
offspring (Gupta, 2000; Timms et ai, 2005) 
Additionally, exposure to BPA during fetal 
development was also shown to increase 
susceptibility to prostate cancer in male rats later in 
life (Ho et ai, 2006). The especially results in 15 
laboratories were shown that extremely low doses of 
BPA initiated the growth of human prostate cancer 
cells (Wethertll et al, 2002). Although BPA is 
thought to increase cancer risk, it does not do so in 
the "normal" way- bisphenol A alters the way that 
key segments of DNA are translated into proteins 
that control how cells function. This important new 
area of research raises questions regarding exposures 
during critical windovre of development (Herman, 
2005). Recent studies show that low-dose BPA 
exposure stimulates mammary gland development 
(Markey et al. 2001), and that prenatal exposure to 
BPA causes long-lasting changes in female rat breast 
fissue (Durando et ai. 2007). Animals exposed in 
uteri to BPA have a significantly higher sensitivity to 
estradiol (a form of estrogen- one of the main risk 
factors for breast cancer), and which is another 
breast cancer risk factor for humans (Munoz-de-Toro 
et ai, 2005). The exposure a single dose of BPA at 
levels currently found in humans can result in altered 
levels of blood glucose and insulin, and twice-daily 
exposure for just four days results in insulin 
resistance. In short-term exposure to BPA at doses 
close to, or below the current reference dose 
(presumed to be safe for humans), changes blood 
glucose levels and shown to alter important cell 
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signaling processes in pancreatic cells, which may 
help explain why BPA is associated with insulin 
resistance in adult mice (Alonso-Magdalena et al, 
2006). Additionally, the effects of BPA on weight 
gain and fat metabolism are of interest, but for now 
continue to be speculative. There is a complex 
relationship between fat cells, blood glucose levels 
and insulin. Glucose can be converted to starch and 
stored in the liver, or it can be converted to fatty 
acids and stored m fat cells. Fat cells produce 
chemicals that can block the fiinction of insulin 
resulting m insulin resistance. BPA has been shown 
to increase glucose uptake in the fat cells of mice, 
which could be related to the development of insulin 
resistance (Sakurai et ai, 2004). The concern is that 
BPA can interfere with neurological development m 
such a way that influences behavior. Several studies 
have demonstrated that low-dose exposure to BPA 
causes behavioral effects in laboratory animals, 
including hyperactivity in rats (Ishido et al, 2004) 
mcrease m aggression in mice (Farabollini et al, 
2002; Funabashi et ai, 2003), changes in response 
to painfiil or fear-provoking stimuli (Aloisi et al, 
2002) reversal of normal sex differences in the brain 
stmcture and elimination of sex differences in 
behavior (Negishi et al, 2004) decreased maternal 
behavior such as reductions in time spent nursmg, 
increases 16 in time out of the nest and away from 
offspring (Kubo et al, 2003) altered play and other 
socio-sexual behaviors (Aloisi et ai, 2002; Dessi-
Fulgheri et ai, 2002) and increased susceptibility to 
drug addiction (Adriani et al, 2003). Several studies 
suggest an association between exposure to low 
doses of BPA and miscarriages in women. Scientists 
examined patients who had suffered three or more 
consecutive miscarriages and compared the blood 
BPA levels to women who had no previous 
miscarriages. The results indicate that women v«th 
multiple miscarriages had three times the level of 
BPA in then- blood than women who had never 
miscarried (Sugiura-Ogasawara et al, 2005). In 
another study, women who had polycystic ovary 
syndrome (PCOS) had higher levels of BPA, were 
more obese, and had higher levels of male sex 
hormones, including testosterone and 

androstenedione (Takeuchi et al, 2004). In addition, 
low-dose exposure to BPA may influence the timing 
of the onset of puberty. Several studies in laboratory 
animals reveal the early onset of sexual maturation 
in females occurring at maternal doses between 2.4 
and 500 ^g/kg per day (Honma et ai, 2002; Nikaido 
et al, 2004). Besides, BPA provided to rats at doses 
ranging from 1- 50 mg/kg/day during pregnancy and 

lactation was associated with an increase in serum 
total T4 (the thyroid hormone thyroxine) in pups on 
postnatal day 15, although T4 concentrations appear 
to be equivalent to controls by postnatal day 35 
(Zoeller et al. 2005). In an eariier study, the ability 
of BPA to bind thyroid hormone receptors were 
demonstrated (Moriyama et ai, 2002). These studies 
suggest that mechanisms of endocrine disruption 
beyond altered estrogen or testosterone regulation 
must be considered. In fact, recent studies of BPA 
focusing on reproductive and developmental 
endpoints, have identified adverse effects al 
exposure doses that are lower than what is 
considered to be a safe dose both in the United States 
and in Europe. According lo the CDC, 95% of 
Americans have detectable levels of BPA in their 
bodies (Calafat et ai, 2005). In present, the observed 
BPA levels detected - 0.1 to 9 ppb were at and above 
the concentrations known to reliably cause adverse 
effects in experiments with laboratory animals. The 
ubiquitous use of BPA provides great potential for 
exposure of both the developing fetus, indirectly 
through maternal exposure, and the neonate, directly 
through in gestation of tinned food, infant formula, 
or maternal milk (vom Saal et ai. 2007). Indeed, 
BPA has been measured in maternal and fetal plasma 
and placental tissue at bû th in humans (Vandenberg 
et al, 2007). Children's exposures begin at 
conception, as BPA, can cross the placenta resulting 
in chemical exposures to the fetus during critical 
windows of development. Importantly, children's 
brains and other organ systems are constantly 
developing, and there are certain windows of 
particular sensitivity to damage or disruption 
(Takahashi, Oishi, 2000). 

Potential adverse health effects of 4-tert-
octylphenol (OP) and 4-nonylphenol (NP) 

Recent scientific studies have connected 
exposure to these chemicals with altered hormone 
levels, reproductive effects, and increased incidence 
of chronic diseases. The estrogenic properties of 
alkylphenols, specifically 4-tert-octylphenol (OP) 
and 4-nonylphenol (NP), are two other important 
estrogenic EDCs. These compounds may also be 
potentially harmful to exposed humans and the 
environment at large (Soto et al, 1991). 
Alkylphenols (APs) have been largely used in 
industrial, agriculture, and domestic applications. 
These are frequently detected in wastewater and 
sewage sludge (Kolpin et al, 2002), and known to 
be hormone dismptors. Soto et ai (1991) reported 

5 
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that polystyrene tubes used in routine laboratory 
procedures release a substance with estrogenic 
properties. This substance was identified as a 
nonylphenol (Soto et ai, 1991). Oilier alkylphenols 
are used as antioxidants in Ihc plastic industry and 
have been reported to leach from plastics used in 
food processing and packing (Junk el ai, 1974), 
Lopez- Espinosa el uI (2009) was delected NP 
(100%) and OP (23.5%) levels in a women living in 
Southern Spain (Lopez-Espinosa et al. 2009). 
NPand OP are also known to have endocrine 
disrupting effects on fish (medaka, Oryzias lalipes), 
so it is important lo know the concentrations of APs 
in the environment. Because the analytical 
characteristics of these compounds depend on the 
length of the ethoxy chain, il is necessary to use 
appropriate compounds as internal standards or 
surrogates (Yoshida el ai, IHOI). In CHO-Kl cell 
line experiment, Tayama ci al, 2008 was studied for 
NP, OP genotoxicity, and suggested that these 
compounds cause repairable DNA damage (Tayama 
et ai. 2008). In addition, OP and NP were reported 
to bind directly to the ER in trout, stimulate 
citelogenin gene expression in trout hepatocytes, be 
mitogemc in MCF-7 cells and stimulate transcription 
in mammalian cells via ER. In vitro studies revealed 
that OP and NP are the most potent estrogenic 
alkylphenols, and the potency of OP has been shovm 
to be approximately 10'̂  -10'^ relative to 17p-
estradiol (Safe et ai, 2001; Soto et ai, 1995). In 
vitro assays, E2 has been demonstrated to induce 
maximal proliferation of MCF-7 cells at I nM 
concentration, and OP and NP have been found to be 
considerably potent compounds as estrogenic 
chemicals at 1 and 10 ^M, respectively. Treatments 
with OP and NP inhibited the binding affinity of E2 
to ER in MCF-7 cells by a competitive ER binding 
assay (Kwack et ai, 2002). The determination of 
NP, OP m water has become an increasingly 
importance activity due to increase knowledge about 
their toxicities, even at low concentration. In water 
samples from the reclaimed water plant of Tianjin, 
northern Chma, were identified some EDs, include 
NP, OP. Their concentration ranged from below the 
limit of detection (LOD) to 8.1 ng L(-l), from <LOD 
to 14.2 ng L(-l), and from 1,00 microg L(-l) to 23.8 
microg L(-]), respectively. The average removal 
efficiencies for target EDCs varied from 30% to 
82%. These results indicate that envfronmental 
endocrme dismpting compounds are not completely 
removed during reclaimed water treatment and may 
be carried over into the general aquatic environment. 
Thus EDs into the environment can lead to serious 

human health problems and can affect plant and 
aquatic organisms (Wang et ai, 2005). In animal 
experiment, treatment with OP had significantly 
lower ovarian weights, higher uterine weights, and 
vaginal opening was observed to have occurred 
several days prior to that of the control group. A 
significant higher basal LI I levels, persistent estrus, 
and a decreased number of corpora lutea and an 
increased number of prcantral and atretic follicles 
was observed in OP exposure during the critical 
period of sexual brain differentiation (Willoughby e/ 
al. 2005). 

Risk evaluation tiixicological effects of Parabens 

A variety of studies have focused on the 
hormone-like activities of the environmental 
chemicals which are well-known as xenobiotic 
estrogens in the environment, especially related to 
the food industry or cosmetic products. They have 
received much attention as a possible source of 
certain hormonal disease states in human and 
wildlife A wide range of parabens including 
methylparaben, ethylparaben, butylparaben, 
isobutylparaben, and isopropylparaben are widely 
used as antimicrobial agents in food ingredients, 
cosmetic consumer products such as underarm 
deodorants, antiperspirants, skin moisturizers, body 
creams, body sprays and suncare products, or in 
pharmaceutical preparations (Hossaini et al.. 2000). 
Recently, parabens have been shown to act as 
xenoestrogens, a class of endocrine dismptors (EDs), 
whose chemical stmctures can be closely associated 
with differences in their estrogenicity. It is reported 
that parabens possess a weak estrogenic activity (Ge, 
Chang, 2006; Lemini el ai, 2003). In addifion, these 
chemicals might cause dismption of endocrine 
systems, and consequently influence the growth, 
differentiation, function of reproductive systems. 
Other reports have indicated the outcome of paraben-
exposure in the development of hormone dependent 
cancers (Byford et al, 2002; Okubo el ai, 2001). 
The potenhai adverse effects of parabens were 
reported both in vivo and in vitro. Parabens may 
increase the risk of estrogen-mediated endpoints, 
including an increase in the incidence of female 
breast cancer, interference with male reproductive 
functions and an influence on the development of 
malignant melanoma (Darbre, Harvey, 2008). A 
linear relationship between parabens and cell 
proliferative potency, and parabens and ER-binding 
capacity, has been reported (Gomez et ai, 2005; 
Terasaka et ai, 2006). Little is known about the 
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long-term health risks of paraben exposure during 
fetal or prepubertal stage. The effects become 
increasingly complex with respect to the age, 
reproductive history, and endocrine milieu of the 
host at the time of exposure. In rats, most 
spontaneous neoplasias (with the exception of 
leukemia) of the endocrine organs or of organs 
appear to be under endocrine control. It has been 
concluded that mechanism-based toxicology is not 
yet sufficient for human risk assessment, and this 
approach should be coupled to, and/or validated by, 
traditional long-term bioassays (Russo, Russo, 
1996), A few conventional short- and long-term 
systemic toxicity studies of parabens in animals 
treated orally are available, but there is insufficient 
information to demonstrate whether the adverse 
effects of parabens, seen in animals, are associated 
with estrogenic activity. As chemicals showing weak 
estrogenic activity (Routledge el al, 1998), parabens 
can lead to a more general environmental estrogen 
problem. In animal uterotrophic assays, a reversible 
modification of the morphology and physiology of 
the uterus has been investigated (Kang et al, 2002). 
Additionally, an alteration evoked by these 
chemicals in global patterns of gene expression 
caused aberrant estrogen signaling in the cells and 
adversely influence breast cancer development 
(Pugazhendhi et ai, 2007; Terasaka et al, 2006). 
Using fetal rat reproductive organs, exposure to 
parabens also induced a dysregulation of multiple 
genes (Naciff et ai, 2003). Parabens are quickly 
absorbed through the skin (Darbre et ai, 2004), 
present in either human breast tissue or human milk 
(Donovan el al. 2004). It has also demonstrated the 
biological and toxicological effects of parabens on 
reproductive, cardiovascular, skeletal, and 
gastrointestinal system (Henry et al, 1993). 
Parabens are thought to be converted into p-
hydroybenzoic acid by hepatic metabolism, which 
can be inferred from the detection of 
phydroxybenzoic acid as the main metabolite in the 
blood and urine of mammals exposed to parabens 
(Soni el al, 2005). Like all xenoestrogens, parabens 
can mimic the effects of the physiological estrogen. 
They may bind to ERs, stimulate the ER-dependent 
response, and/or influence the expression of 
estrogen-responsive genes, including estrogen 
receptor alpha (ERa), progesterone receptor (PR), 
and pS2 (Byford et ai, 2002; Okubo et al, 2001). 
ER dependent estrogenic activities of parabens were 
demonstrated in MCF-7 human toeast cancer cell 
(Byford et ai, 2002; Okubo et al, 2001; 
Pugazhendhi et al, 2007), ZR-75-1 cell lines 

(Darbre et al, 2004; Ge, Chang, 2006), rodent 
models (Darbre et al, 2003; Lemini et al, 2003; 
Oishi, 2004) and fish (Inui el ai. 2003). The 
estrogenic potency of paraben has been shown to 
depend on the lengths of their alkyl side chains 
(Darbre el al, 2003; Okubo ci ai, 2001), 
Additionally, the current data from ER binding assay 
have shown that estrogenic activities of parabens 
also depend upon molecular weight of each 
chemical. The estrogenicity of members of paraben-
group, including methyl-, ethyl-, propyl-, butyl-, 
isobutyl-, isopropyl-, or benzyl-parabens are district 
when compared lo 17p- estadiol (E2), a nature 
estrogen (Hossaini et al, 2000; Lemini et ai, 2003). 
The polcncy of parabens as estrogens appears to 
depend on the lengths of their alkyl side chains 
(Darbre el al., 2003; Okubo el ai, 2001) An 
increase in the size of the alkyl group may enhance 
paraben transactivation of ERs tn vitro (Routledge et 
ai, 1998). Parabens can mimic the effects of the 
main natural estrogen (17p-estradiol) by binding to 
ERs (Okubo et al. 2001). Although parabens have a 
similar molecular stmcture to estrogens, the 
estrogenic activities of these environmental 
endocrine dismptors (EDs) are not clearly 
understood. Despite the effects of parabens on 
human and animal health, these chemicals are 
officially approved food additives in many countries. 
The European Union permits the use of parabens at 
maximum concentrations of 0.4 to 0.8% in cosmetic 
products (EU Cosmetics Directive 76/768/EEC) and 
the daily intake is 0 to 10 mg/kg/day. In Japan, the 
daily intake permitted is 1.06 mg per person 
(Ishiwatari et al, 2007). In the USA, the potential 
average daily intake is approximately 1 to 16 mg/kg 
for infants and 4 to 6 mg/kg for persons aged two 
years or older. 

CONCLUSION 

To date, there is little definitive data in the 
published literature from studies on the 
bioavailability, metabolism, short-term and long-
term toxicity, reproductive toxicity, genotoxicity, 
and carcinogenicity of exogenous and/or endogenous 
compounds. Reports on studies in experimental 
animal models on the mechanisms of environmental 
endocrine disrupting chemicals as estrogenic/ 
androgenic compotmds are lacking. Further research 
is needed to provide new insights into the 
mechanism(s) through vidiich endocrine dismptors 
elicit their effects on biological systems and on 
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human and animal health. Additionally, the systemic 
evaluation of the EDs-induced effects on the 
epidemiology, immunology, pathology and 
molecular biology is needed in order to make the 
direction in the use of chemicals in our life. 

Acknowledgements: We liiank the National 
Foundation for Science and Technology 
(NAFOSTED) <'/ Vietnam lot ihe finoncial .support 
(Grant 106.06-2011 .i 3) 

REFERENCl'S 

Adnani W. ScUi DD, Dessi-Fulgheri F. Farabollini F, 
Laviola G (2003) Altered profiles of spontaneous novelty 
seeking, impulsive behavior, and response to D-
amphctamine in rals pcrinatally exposed to bisphenol A. 
Environ Heallli Perspeci 111(4); 395-401. 

Akingbemi BT. Sottas CM. Koulova AI. Klinefelter GR, 
Hardy MP (2004) Inhibition of testicular steroidogenesis 
by the xenoestrogen bisphenol A is associated with 
reduced pituitary luteinizing hormone secretion and 
decreased steroidogenic enzyme gene expression in rat 
Leydig cells. Endocrinology 145(2): 592-603. 

Al-Hiyasat AS, Damiani H, Elbetieha AM (2002) Effects 
of bisphenol A on adult male mouse fertility. Eur J Oral 
5ci 110(2) 163-167. 

Aloisi AM, Delia Seta D, Ceccarelh I, Faiabollini F (2001) 
Bisphenol-A differently affects estrogen receptors-alpha in 
estrous-cycling and lactaring female rats. Neurosci Lett 
310(1): 49-52, 

Aloisi AM, Delia Seta D, Rendo C. Ceccarelli I, 
Scaramuzzino A Farabollini F (2002) Exposure to the 
estrogenic pollutant bisphenol A affects pain behavior 
induced by subcutaneous formalin injection in male and 
female rats. Brain Res 937(1-2): 1-7. 

Alonso-Magdalena P, Morimoto S, RipoU C, Fuentes E. 
Nadai A (2006) The estrogenic effect of bisphenol A 
dismpts pancreatic beta-cell fiinction in vivo and induces 
insulin resistance. Environ Health Perspect 114(1). 106-
112. 

Andersen AG, Jensen TK, Carlsen E, Jorgensen N, 
Andersson AM. Krarup T, Keidmg N, Skakkebaek NE 
(2000) High frequency of sub-optimal semen quality in an 
unselected population of young men. Hum Reprod 15(2): 
366-372. 

Andrade AJ, Grande SW, Talsness CE, Grole K, 
Golombiewski A, Stemer-Kock A, Chahoud I (2006) A 
dose-response study following in utero and lactational 
exposure to di-(2-ethylhexyl) phthalate (DEHP): effects on 
androgenic status, developmental landmarks and testicular 
histology in male offspring rats. Toxicology 225(1). 64-74. 

Asklund C, Jorgensen N, Kold Jensen T, Skakkebaek NE 
(2004) Biology and epidemiology of testicular dysgenesis 
syndrome. BJUlnt9i SuppI 36-11. 
Bergstrom R, Adami HO, Mohner M, Zatonski W, Stomi 
H, Ekbom A. TiBlli S, Teppo L. Akre O, Hakulincn T 
(1996) Increase in testicular cancer incidence in six 
European countries: a birth cohort phenomenon. J Nail 
Cancer inst mo \): m-73X 

Borch J, Mclzdorff SB. Vinggaard AM, Brokken L, 
Dalgaard M (2006) Mechanisms underlying the anli-
androgcnic effects of diethylhcxyl phthalate in fetal rat 
testis. Toxicology 223(1-2): 144-155. 

Brcde C, Fjcldal P. Skjevrak I. Henkstad H (2003) 
Increased migration levels of bisphenol A from 
polycarbonate baby bottles after dishwashing, boiling and 
bmshing. Food Addil Conlam 20(7); 684-689. 

Byford JR, Shaw LE, Drew MG, Pope GS, Saucr MJ, 
Darbre PD (2002) Oestrogenic activity of parabens in 
MCF7 human breast cancer cells J Steroid Biochem Mol 
Biol WO): 49-60 

Calafat AM, Kuklenyik Z, Reidy J A Caudill SP, Ekong J, 
Needham LL (2005) Urinary concentrations of bisphenol 
A and 4-nonylphenol in a human reference population 
Environ Health Perspect 113(4): 391-395. 

Chitra KG, Latchoumycandane C, Mathur PP (2003a) 
Induction of oxidative stress by bisphenol A in the 
epididymal sperm of rats. Toxicology 185(1-2): 119-127. 

Chitra KC, Rao KR, Mathur PP (2003b) Effect of 
bisphenol A and co-administration of bisphenol A and 
vitamin C on epididymis of adult rats: a histological and 
biochemical study, Asian J Androl 5(3): 203-208. 

Committee on Hormonally Active Agents m the 
Environment NRC (1999) Hormonally Active Agents in the 
Environment 

Darbre PD. Aljarrah A Miller WR, Coldham NG, Sauer 
MJ, Pope GS (2004) Concentrations of parabens in human 
breast tumours. 7/4pp/ 7b;cico/24(l): 5-13. 

Darbre PD, Byford JR. Shaw LE. Hall S, Coldham NG, 
Pope GS. Sauer MJ (2003) Oestrogenic activity of 
benzylparabcn. J AppI Toxicol 23( 1): 43-51. 

Darbre PD. Harvey PW (2008) Paraben esters: review of 
recent studies of endocrine toxicity, absorption, esterase 
and human exposure, and discussion of potential human 
health nsks. J AppI Toxicol 28(5): 561-578. 

Daston GP, Cook JC, Kavlock RJ (2003) Uncertainties for 
endocrine disrupters: our view on progress Toxicol Sd 
74(2): 245-252. 

Dessi-Fulgheri F, Pomm S, Farabollini F (2002) Effects of 
perinatal exposure to bisphenol A on play behavior of 
female and male juvenile rats. Environ Health Perspect 
n o Suppl 3403-407. 



Tqp chi Congngh? Sinh hgc 10(1): 1-13, 2012 

Donovan KA, Jacobsen PB, Andrykowski MA, Winters 
EM, Balducci L, Malik U, Kenady D, McGrath P (2004) 
Course of fatigue in women receiving chemotherapy 
and/or radiotherapy for earty stage breast cancer. J Pain 
Symptom Manage 28(4): 373-380. 

Durando M, Kass L, Piva J, Sonnenschein C. Soto AM, 
Luque EH, Munoz-de-Tcro M (2007) Prenatal bisphenol A 
exposure mduces preneoplasbc lesions in the mammary 
gland m Wistar rats. Environ Health Perspect 115(1): 80-86 

Facciolo RM, Alo R, Madeo M, Canonaco M. Dessi-
Fulghen F (2002) Early cerebral acUvities of the 
environmental estrogen bisphenol A appear to act via the 
somatostatin receptor subtype sst(2). Environ Health 
Perspect 110 Suppl 3397-402, 

Farabollini F, Pomni S, Delia Seta D, Bianchi F, Dessi-
Fulgheri F (2002) Effects of perinatal exposure to 
bisphenol A on socioscxual behavior of female and male 
rats. Environ Health Perspect 110 Suppl 3409-414 

Fisher JS, Macpherson S. Marchetti N, Sharpe RM (2003) 
Human testicular dysgenesis syndrome': a possible model 
using in-utero exposure of the rat to dibutyl phthalate. 
Hum Reprod \%(7): 1383-1394 

Forman D, Moller H (1994) Testicular cancer. Cancer 
Surv 19-20323-341. 

Funabashi T, Sano A, Mitsushima D, Kimura F (2003) 
Bisphenol A increases progesterone receptor 
immunoreactivity in the hypothalamus m a dose-dependent 
manner and affects sexual behaviour in adult 
ovariectomized rats. J Neuroendocrinal 15(2): 134-140. 

Ge JH, Chang B (2006) [Estrogenic activities of parabens]. 
Wei Sheng Yan Jiu 35(5): 650-652. 

Gomez E, Pillon A, Fenet H, Rosain D, Duchesne MJ, 
Nicolas JC, Balaguer P, Casellas C (2005) Estrogenic 
activity of cosmetic components in reporter cell lines: 
parabens, UV screens, and musks. J Toxicol Environ 
Health A 6my.239-25\. 

Gray LE, Jr., Ostby J, Fuit J, Price M, Veeramachaneni 
DN, Parks L (2000) Perinatal exposure to the phthalates 
DEHP, BBP, and DINP, but not DEP, DMP, or DOTP, 
alters sexual differentiation of the male rat. Toxicol Sci 
58(2): 350-365 

Gray LE, Jr., Ostby JS, Kelce WR (1994) Developmental 
effects of an environmental antiandrogen: the ilingicide 
vinclozolin alters sex differenhation of the male rat 
Toxicol AppI Pharmacol 129(1): 46-52 

Green AR, Styles JA Parrott EL, Gray D, Edwards RE, 
Smith AG, Gant TW, Greaves P, Al-Azzawi F, White IN 
(2005) Neonatal tamoxifen treatment of mice leads to 
adenomyosis but not uterine cancer. Exp Toxicol Pathol 
56(4-5): 255-263. 

Gupta C (2000) Reproductive malformation of the male 
offspring following maternal exposure to estrogenic 
chemicals. Proc Soc Exp Biol Med 224(2)- 61-68. 

Henry D, Dobson A, Turner C (1993) Variability in the 
risk of major gastrointestinal complications from 
nonaspirin nonsteroidal anti-inflammatory drugs. 
Gaslroenierolog}' 105(4): 1078-1088 

Herman JG (2005) Epigenetic changes in cancer and 
preneoplasia. Cold Spring Harb Symp Quant Biol 70329-
333 

Ho SM, Tang WY, Belmonte de Frauslo J, Prins GS 
(2006) Developmental exposure to estradiol and bisphenol 
A increases susceptibility to prostate carcinogenesis and 
epigenetically regulates phosphodiesterase type 4 variant 
4. Cancer Res 66(11). 5624-5632. 

Honma S, Suzuki A Buchanan DL, Katsu Y, Watanabe H, 
Iguchi T (2002) Low dose effect of in utero exposure to 
bisphenol A and diethylstilbestrol on female mouse 
reproduction. ;ec/>ro(/7a((co/16(2). 117-122. 

Hossaini A, Larsen JJ, Larsen JC (2000) Lack of 
oestrogenic effects of food preservatives (parabens) in 
uterotrophic assays. foo<^ CAem ro;cico/38(4): 319-323 

Howdeshell KL, Peterman PH, Judy BM, Taylor JA 
Orazio CE, Ruhlen RL, Vom Saal FS, Welshons WV 
(2003) Bisphenol A is released from used polycarbonate 
animal cages into water at room temperature. Environ 
Health Perspect 111(9): 1180-1187. 

Hunt PA Koehler KE, Susiaqo M, Hodges CA Hagan A 
Voigt RC, Thomas S, Thomas BF, Hassold TJ (2003) 
Bisphenol a exposure causes meiotic aneuploidy in the 
female mouse. Curr Biol 13(7): 546-553. 

Imperato-McGinley J, Sanchez RS, Spencer JR, Yee B, 
Vaughan ED (1992) Comparison of the effects of the 5 
alpha-reductase inhibitor finastende and the antiandrogen 
flutamide on prostate and genital differentiation' dose-
response studies. Endocrinology 131 (3): 1149-1156. 

Inui M, Adachi T, Takenaka S, Inui H. Nakazawa M, Ueda 
M, Watanabe H, Mon C, Iguchi T. Miyatake K (2003) 
Effect of UV screens and preservatives on vitellogenin and 
chonogenin production in male medaka (Oryzias latipes). 
Toxicology 194(1-2). 43-50 

Irvine OS (1994) Falling sperm quality. Bmj 309(6952): 
476. 

Ishido M, Masuo Y, Kunimoto M, Oka S, Morita M 
(2004) Bisphenol A causes hyperactivity in the rat 
concomitantly with impairment of tyrosine hydroxylase 
immunoreactivity, J Neurosci Res 76(3): 423-433. 

Ishiwatari S, Suzuki T, Hitomi T, Yoshino T, Matsukuma 
5, Tsuji T (2007) Effects of methyl paraben on skin 
keratinocytes. J AppI Toxicol 27(1): 1-9 



VoThi Bich Thuy era/. 

Jones HB, Garside DA. Liu R, Roberts JC (1993) The 
influence of phthalate esters on Leydig cell structure and 
function in vitro and in vivo. Exp Mol Pathol 58(3): 179-
193. 

Joskow R. Barr DB, Barr JR. Calafat AM, Needhiim LL. 
Rubin C (2006) Exposure to bisphenol A from bis-glycidyl 
dimethacrylatc-bascct denial .sealants. J Am Dent A.noc 
137(3): 353-362 

Junk GA. RiL-hard JJ, Gricser MD, Wiliak D, Witiak JL, 
Arguetio MD. Vick R. Svec HJ. Frit? JS, Calder GV 
(1974) Uscol macuircticuliir resins in the analysis of water 
for trace organic contaminanLs ./ Chromalogr 99(0): 745-
762 

Kamnn MA (2004) Bisphenol A. a scientific evaluation. 
Med Gen Med 6i3): 7. 

Kang KS. Che JH. Ryu DY, Kim TW. Li GX. Ue YS 
(2002) Decreased sperm number and motile activity on the 
F1 offspring maternally exposed to butyl p-
hydroxybcnzoic acid (butyl paraben). J Vet Med Sci 64(3). 
227-235. 

Kassim NM. McDonald SW, Reid O, Bennett NK, 
Gilmore DP. Payne AP (1997) The effects of pre- and 
postnatal exposure to the nonsteroidal antiandrogen 
flutamide on testis descent and morphology in the Albino 
Swiss rat. J Anal 190 ( Pt 4)577-588 

Kavlock R, Boekelheide K, Chapin R, Cunningham M, 
Faustman E, Foster P, Goiub M, Henderson R, Hinberg I, 
Little R, Seed J, Shea K, Tabacova S. Tyl R, Williams P, 
Zacharewski T (2002) NIP Center for the Evaluation of 
Risks to Human Reproduction: phthalates expert panel 
report on the reproductive and developmental toxicity of 
di-n-octyl phthalate Reprod Toxicol 16(5): 721-734, 

Kawai K, Nozaki T, Nishikala H, Aou S, Takn M, Kubo C 
(2003) Aggressive behavior and serum testosterone 
concentration during the maturation process of male mice, 
(he effects of fetal exposure to bisphenol A. Environ 
Health Perspect 111(2): 175-178. 

Kolpin DW, Furlong ET, Meyer MT, Thurman EM. Zaugg 
SD, Barber LB, Buxton HT (2002) Pharmaceuticals, 
hormones, and other organic wastewater contaminants in 
U.S. streams, 1999-2000 a national reconnaissance 
Environ Sci Technol 3(^6): 1202-1211. 

Kubo K, Arai O, Omura M, Watanabe R, Ogata R, Aou S 
(2003) Low dose effects of bisphenol A on sexual 
differentiation of Ihe brain and behavior in rats. Neurosci 
Res 45(3): 345-256. 

Kwack SJ, Kwon O, Kim HS, Kim SS, Kim SH, Sohn KH. 
Lee RD, Park C a Jeung EB, An BS, Park KL (2002) 
Comparative evaluation of alkylphenolic compounds on 
estrogenic activity in vitro and in vivo. J Toxicol Environ 
Health A 65(5-6). 4l9-43\. 

10 

Lahousse SA. Wallace D(i, Liu D, Gaido KW, Johnson KJ 
(2006) Testicular gene expression proflling following 
prepubertal liii mono-(2-cthylhexyl) phthalate exposure 
suggests a common initial genetic response at fetal and 
prepubertal ages. Toxicol Sci 93(2): 369-381. 

Lcmini C, Jaimcz R, Avila ME, Franco Y, Larrea F, 
Lcinus AE (2003) In vivo and in viiro estrogen 
bioactivities of alkyl parabens. Toxicol Ind Health 19(2-6): 
69-79. 

Li LH, Jester WF, Jr., Usielt AL. Orth JM (2000) A single 
dose of Di-'(2-ethylhcxyl) phthalate in neonatal rats alters 
gonocytes, reduces Sertoli cell proliferation, and decreases 
cyclin D2 expression, Toxicol AppI Pharmacol 166(3): 
222-229 

Lopez-Espinosa MJ, Freire C, Arrebola JP, Navea N, 
Taoufiki J, Fernandez MF, Ballestcros O, Prada R, OleaN 
(2009) Nonylphenol and octylphenol in adipose tissue of 
women in Southern Spain Chemosphere 76(6): 847-852 

MacLusky NJ, Hajszan T, Lcranth C (2005) The 
environmental estrogen bisphenol a inhibits estradiol-
induced hippocampal synaptogenesis. Environ Health 
Perspect] 13(6): 675-679. 

Maffini MV, Rubin BS, Sonnenschein C, Soto AM (2006) 
Endocrine dismptors and reproductive health: the case of 
bisphenol-A, Mol Cell Endocrinol 254-255179-186. 

Markey CM, Luque EH. Munoz De Toro M, Sonnenschein 
C, Soto AM (2001) In utero exposure to bisphenol A alters 
the development and tissue organization of the mouse 
mammary gland. Biol Reprod 65(4): 1215-1223 

Mathur PP, Chattopadhyay S (1982) Involvement of 
lysosomal enzymes in flutamide-mduced stimulation of rat 
lestis. Andrologia 14(2). 171-176. 

Moore RW. Rudy TA, Lin TM, Ko K, Peterson RE (2001) 
Abnormalities of sexual development in male rats with in 
utero and lactational exposure to the antiandrogcnic 
plasticizer Di(2-elhylhexyl) phthalate Environ Health 
Perspect 109(3)' 229-237. 

Moriyama K. Tagami T. Akamizu T, Usui T, Saijo M, 
Kanamoto N, Hataya Y, Shimatsu A Kuzuya H, Nakao K 
(2002) Thyroid hormone action is disrupted by bisphenol 
A as an antagonist. J Clin EndocrinolMetab 87(11): 5185-
5190-

Mortensen GK. Main KM. Andersson AM, Leffers H, 
Skakkebaek NE (2005) Determination of phthalate 
monoesters in human milk, consumer milk, and infant 
formula by tandem mass spectrometry (LC-MS-MS). Anat 
BioanalChem 382(4): 1084-1092. 

Munoz-de-Toro M, Maricey CM, Wadia PR, Luque ER 
Rubin BS, Sonnenschein C, Soto AM (2005) Pennatal 
exposure to bisphenol-A alters peripubertal mammary 
gland development in mice. Endocrinology 146(9): 4138-
4147. 



Tgp chi Congnghe Sinh hgc 10(1): 1-13, 2012 

Mylchreest E, Cattley RC, Foster PM (1998) Male 
reproductive tract malformations in rats following 
gestational and lactational exposure to Di(n-butyl) 
phthalate' an anti androgenic mechanism? Toxicol SL I 
43(1): 47-60. 

Mylchreest E, Sar M, Cattley RC, Foster PM (1999) 
Dismption of androgen-regulated male reproductive 
development by di(n-butyl) phthalate during late gestation 
in rats is different from flutamide. Toxicol AppI Pharmacol 
156(2): 81-95. 

Mylchreest E, Wallace DG, Cattley RC, Foster PM (2000) 
Dose-dependent alterations in androgen-regulated male 
reproductive development in rats exposed to Di(n-butyl) 
phthalate during late gestation. Toxicol Sci 55(1): 143-151, 

Naciff JM, Overmann GJ, Torontali SM, Carr GJ, Tiesman 
JP, Richardson BD, Daston GP (2003) Gene expression 
profile induced by 17 alpha-ethynyl estradiol in the 
prepubertal female reproducUve system of the rat, Toxicol 
Sci 72(2): 314-330. 

Negishi T, Kawasaki K, Suzaki S, Maeda H, Ishii Y. 
Kyuwa S, Kuroda Y, Yoshikawa Y (2004) Behavioral 
alterations in response to fear-provoking stimuli and 
tranylcypromine induced by perinatal exposure to 
bisphenol A and nonylphenol in male rats. Environ Health 
Perspect n2(\\): 1159-1164. 

Nikaido Y, Yoshizawa K, Danbara N, Tsujita-Kyutoku M, 
Yun T, Uehara N, Tsubura A (2004) Effects of maternal 
xenoestrogen exposure on development of the reproductive 
tract and mammary gland in female CD-I mouse offspring. 
R^rod Toxicol 18(6): 803-811. 

Ohsako S, Kubota K, Kurosawa S, Takeda K, Qing W, 
Ishimura R, Tohyama C (2003) Alterations of gene 
expression in adult male rat testis and pituitary shortly 
after subacute administration of the antiandrogen 
flutamide. J Reprod Dev 49(4): 275-290. 
Oishi S (2004) Lack of spemiatotoxic effects of methyl 
and ethyl esters of p-hydroxybenzoic acid in rats Food 
Chem Toxicol42(\\): 1845-1849. 

Okubo T, Yokoyama Y, Kano K, Kano I (2001) ER-
dependent estrogenic activity of parabens assessed by 
proliferation of human breast cancer MCF-7 cells and 
expression of ERalpha and PR. Food Chem Toxicol 
39(12): 1225-1232. 

Ostby J, Kelce WR, Lambnght C, Wolf CJ, Mann P, Gray 
LE, Jr. (1999) The fungicide procymidone alters sexual 
differentiation in the male rat by acting as an androgen-
receptor antagonist in vivo and in vitro. Toxicol Ind Health 
15(1-2): 80-93. 

Paulozzi LJ, Erickson JD, Jackson RJ (1997) Hypospadias 
trends in two US surveillance systems. Pediatrics 100(5): 
831-834. 

Pugazhendhi D, Sadler AJ, Darbre PD (2007) Comparison 

of the global gene expression profiles produced by 
methylparaben, n-butylparaben and 17beta-oestradiol in 
MCF7 human breast cancer cells. J AppI Toxicol 27(1): 
67-77. 

Ramos JG. Varayoud J. Kass L, Rodriguez H, Costabel L, 
Munoz-De-Toro M, Luque EH (2003) Bisphenol a induces 
both transient and permanent histoHinctional alterations of 
the hypothalamic-pituitary-gonadal axis m prcnatally 
exposed male rats. Endocrinology 144(7): 3206-3215, 

Routledge EJ. Parker J. Odum J, Ashby J, Sumplcr JP 
(1998) Some alkyl hydroxy benzoate preservatives 
(piiriibcns) are estrogenic Toxicol AppI Pharmacol 153(1): 
12-19. 

Russo 11-1, Russo J (1996) Mammary gland neoplasia in 
long-term rodent studies. Environ Health Perspect 104(9)' 
938-967. 

Safe SH. Pallarom L, Yoon K, Gaido K, Ross S, Saville B, 
McDonnellc D (2001) Toxicology of environmental 
estrogens. Reprod Feriil Dev 13(4). 307-315. 

Sakurai K, Kawazuma M, Adachi T, Hangaya T, Saito Y. 
Hashimoto N, Mori C (2004) Bisphenol A affects glucose 
transport in mouse 3T3-F442A adipocytes. Br J 
Pharmacol 141(2). 209-214. 

Sharpe RM (2001) Hormones and testis development and 
the possible adverse effects of environmental chemicals. 
Toxicol Lett 120(1-3): 221-232. 

Sharpe RM (2003) The 'oestrogen hypothesis'- where do 
westandnow?/nry^fK/ro/26(l) 2-15. 

Sharpe RM, McKinnell C, Kivlin C, Fisher JS (2003) 
Proliferation and functional maturation of Sertoli cells, and 
their relevance to disorders of testis function in adulthood. 
Reproduction 125(6): 769-784 

Soni MG, Carabin IG, Burdock GA (2005) Safety 
assessment of esters of p-hydroxybenzoic acid (parabens). 
FoodChem Toxicol43(7):9%5-\0\5. 

Soto AM, Jushcia H, Wray JW, Sonnenschein C (1991) p-
Nonyl-phenol. an estrogenic xenobiotic released from 
"modified" polystyrene. Environ Health Perspect 92167-
173. 

Soto AM, Sonnenschein C, Chung KL, Fernandez MF, 
Olea N, Sen-ano FO (1995) The E-SCREEN assay as a tool 
to identify estrogens: an update on estrogenic 
environmental pollutants. Environ Health Perspect 103 
Suppl 7113-122. 

Sugiura-Ogasawara M, Ozaki Y, Sonta S, Makino T, 
Suzumori K (2005) Exposure to bisphenol A is associated 
with reciurent miscamage. Hum Reprod 20(8): 2325-2329. 

Supomsilchai V, Soder O, Svechnikov K (2007) 
Stimulation of the pituitary-adrenal axis and of 
adrenocortical steroidogenesis ex vivo by administration of 



VoThi Bich Thuy eM/. 

di-2-ethylhexyl phthalate to prepubertal male rats. J 
Endocrinol \92(y): 33-39. 

Svechnikova I, Svechnikov K. Soder 0 (2007) The 
infiuence of di-(2-cthylhcxyl) phthalate on steroidogenesis 
by the ovarian granulosa cells of immature female ruts J 
Endocrinol 194(3): 603-609. 

Takahashi O, Oishi S (2000) Disposition of orally 
administered 2,2-Bis(4-hydroxyphenyl)propane (Bisphenol 
A) m pregnant rats and the placental transfer to fetuses. 
Environ Health Perspect \0%(\0).93\-935. 

Takeuchi T, Tsutsumi O. Ikezuki Y, Takai Y. 'lakclani Y 
(2004) Positive relationship iKtwccn androgen and the 
endocrine dismptor, bisphenol A. in normal women and 
women with ovarian dysfunction Endocr J 51(2): 165-
169. 

Tayama S, Nakagawa Y. Tayama K (2008) Gcnotoxic 
effects of environmental estrogen-like compounds in 
CHO-Kl ctWs. Mulal Res 649(\-2): 114-125. 

Terasaka S. Inoue A Tanji M, Kiyama R (2006) 
Expression profiling of estrogen-responsive genes in breast 
cancer cells treated with alkylphenols, chlorinated phenols, 
parabens, or bis- and benzoylphenols for evaluation of 
estrogenic activity. Toxicol Lett 163(2): 130-141. 

Timms BG, Howdeshell KL, Barton L, Bradley S, Richter 
CA vom Saal FS (2005) Estrogenic chemicals in plastic 
and oral contraceptives dismpt development of the fetal 
mouse prostate and urethra. Proc Natl Acad Sci USA 
102(19): 7014-7019. 

Toppan J, Larsen JC, Christiansen P, Giwercman A, 
Grandjean P, Guillette LJ, Jr., Jegou B, Jensen TK, 
Jouannet P, Keiding N, Leffers H, McLachlan JA, Meyer 
O, Muller J, Rajpert-De Meyts E, Scheike T, Sharpe R, 
Sumpter J, Skakkebaek NE (1996) Male reproductive 
health and envu-onmental xenoestrogens Environ Health 
Perspect 104 Suppl 4741-803. 

Vandenberg LN, Hauser R, Marcus M, Olea N, Welshons 
WV (2007) Human exposure to bisphenol A (BPA). 
Reprod Toxicol 24(2): 139-177. 

Vo TT, Jung EM, Dang VH, Jung K, Baek J, Choi KC, 
Jeung EB (2009) Differential effects of flutamide and di-
(2-ethylhexyl) phthalate on male reproductive organs in a 
rat model. J Reprod Dev 55(4): 400-411. 

vom Saal FS, Akingbemi BT, Belcher SM, Bimbaum LS, 
Crain DA Eriksen M, Farabollini F, Guillette LJ, Jr., 
Hauser R, Heindel JJ, Ho SM, Hunt PA, Iguchi T, Jobling 
S, Kanno J, Keri RA Knudsen KE, Laufer H, LeBlanc 
GA Marcus M, McLachlan JA, Myers JP, Nadal A, 

Newbold RR, Olea N, Prins GS, Richter CA Rubin BS, 
Sonnenschein C, Soto AM, Talsness CE, Vandenbergh JG, 
Vandenberg LN, Walser-Kuntz DR, Watson CS, Welshons 
WV, Wethcrill Y, Zoeller RT (2007) Chapel Hill 
bisphenol A expert panel consensus statement: integration 
of mechanisms, effects in animals and potential to impact 
human health al current levels of exposure, Reprod Toxicol 
24(2): 131-138, 

vom Saal FS, Nagel SC, Timms BG, Welshons WV (2005) 
Implications for human health of the extensive bisphenol 
A literature showing adverse effects at low doses a 
response to attempts to mislead the public. Toxicology 
212(2-3): 244-252, author reply 253-244. 

Wang Y. Hu W, Cao Z, Fu X, Zhu T (2005) Occurrence of 
endocrine-disrupting compounds m reclaimed water from 
Tianjin. China, Anal Bioanal Chem 383(5), 857-863. 

Welshons WV, Nagel SC. vom Saal FS (2006) Large 
effects fi-om small exposures III. Endocrine mechanisms 
mediating effects of bisphenol A at levels of human 
exposure Endocrinology 147(6 Suppl)' S56-69. 

Welherill YB, Petre CE. Monk KR, Puga A Knudsen KE 
(2002) The xenoestrogen bisphenol A induces 
inappropnate androgen receptor activation and mitogenesis 
in prostatic adenocarcinoma cells. Mol Cancer Ther 1(7): 
515-524 

Willoughby KN, Sarkar AJ, Boyadjieva NI, Sarkar DK 
(2005) Neonatally administered tert-oct^phenol affects 
onset of puberty and reproductive development in female 
rats. £M(/ocrirtc 26(2): 161-168. 

Wilson PR, Tarttelin MF (1978) Smdics on sexual 
differentiation of sheep. 1. Foetal and maternal 
modifications and post-natal plasma LH and testosterone 
content following androgemsation early in gestation. Acta 
Endocrinol (Copenh)%9{\): 182-189 

Yoshida Y, Ito A Murakami M. Murakami T, FujimotoH, 
Takeda K, Suzuki S, Hon M (2007) £)etermination of 
nonylphenol ethoxylates and octylphenol ethox>dates in 
environmental samples using 13C-labeled surrogate 
compovxiAi. J Air Waste Manag Assoc 57{\0): 1164-1171. 

You L, Sar M (1998) Androgen receptor expression in the 
testes and epididymides of prenaul and postnatal Sprague-
Dawley rats. Endocrine 9(3), 253-261. 

Zoeller RT, Bansal R Parris C (2005) Bisphenol-A an 
environmental contaminant that acts as a thyroid hormone 
receptor antagonist in vitro, increases serum thyroxine, and 
alters RC3/neurogranin expression in the developing rat 
brain. Endocrinology 146(2): 607-612. 



Tap chi Congnghe Sinh hpc 10(1): 1-13, 2012 

H 6 A C H A T M 6 I TRl/OfNG G A Y R 6 I L O A N N Q ! TIET: N H U ^ G D A N H GIA RlII R O 
V E D O C T i N H T R O N G M O HINH IN VIVO VA IN VITRO 

Vo Thi Bich Thuy*, Nguyln DSng Tfin, Nong Vfin Hii 

Vien Cong nghe sinh hgc 

T 6 M TAT 

Trong vong 50 - 60 nam qua. cung v6i qui Irinh phSt trien cua xa hpi, m^l bang chmig cung cho thay da 
xuat hi^n nhieu loai hod chat ca tî  nhien va nhan tao, nhung nh6m hoa chat nay cd the gay ^nh hudng den h^ 
thong npi tiet va tic dpng xau den siic khde con ngu6i va dgng v^t. Cac nhsl khoa hgc thu^g de cgp den cic 
hoa chSt nay voi ten gpi la "chit gay roi lo^n npi tiet". M$l so lo^i h6a ch4t nhu: 2,2- bis-(4-hydroxyphenyl) 
propan (BPA), 4-tert-octylphenol (OP); 4- nonylphenol (NP); Di-(2-ethylhcxyl)phthalate (DEHP); Flutamide; 
Parabens.. .du9C cho ph^p su dung trong nhieu sfin pham sinh ho^t. bao gom c^c san ph^m chai nhya, vo do 
hgp kim loai, chat tay riia, chat gay chay, thanh phan th\rc pham, do chai, san pham my pham, che pham dugc 
pham, va thu6c trir sau. M^c dii. con ngudi c6 th^ tiep xuc hing ngiy vdi cSc chat gay r6i lo^n npi tiet nay 
thong qua nhieu con duong nhu: th^c pham, do uong, thu6c dugrc pham, nhung nhimg thong tin khoa h()C ve 
anh huong c6 hai ciia chiing doi voi siic khoe con ngudn c6n rat han che. Trong tuong lai, can thilt phii c6 cac 
nghien cihi de lam sang to cac tac d\mg phg cua hoa chat moi truong gay roi loan ngi tiet trong van de dgch te 
hpc, mien dich hgc. b^nh ly hpc va sinh hgc phan tir de c6 the cung cap cac thong tin chinh xac, dang tin cay 
cho nguoi lieu dung trucrc khi dua ra quyet djnh trong vi^c sir dgng cic lo^i san pham trong cupc song ciia hp. 

Tit khoa: Gay roi loan not tiei, BPA, OP. NP, DEHP. Flutamide, Parabens. Hoal tinh estrogen, Hogt tinh 
androgen 
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