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PART 2. THE EFFECTS OF PHTHALATES ON MALE GAMETES
AND ON THE OFFSPRING
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ABSTRACT

The general exposure to endocrine disruptors, including phthalates, is considered as one of the reason diminished sperm count
and deteriorated sperm quality, which may lead to infertility and higher incidence of congenital malformations of the genital tract.
This article describes the effects of selected phthalates di(2-ethylhexyl)phthalate (DEHP), dibutyl phthalate (DBP); butylbenzyl
phthalate (BBP), diethyl phthalate (DEP), di-isononyl phthalate (DINP) on the male gametes, reproduction and the offspring of
exposed animals. Results of several papers in vitro showed that above mentioned phthalates are weakly estrogenic, whereas in
vivo studies showed that they have rather antiandrogenic abilities. Review of papers regarding to laboratory animals confirmed
that phthalates cause diminished sperm count, increased frequency of abnormal spermatozoa and DNA damage in germ cells,
especially after chronic exposure and in case exposure of immature animals. Phthalates may induce in male gametes mutations
leading to increased pre- and postnatal mortality of the offspring and to incidence of congenital malformations, growth retardation,
delay in sexual development, shortening of anogenital distance in males, disturbances in sex ratio and diminished quality of
semen in F1 generation. The sensitivity on mammalian life stages on phthalates seems to be as follows: fetal>peripubertal>adult.
The human studies provided limited evidence of an association between phthalate exposure and semen quality. Concentration of
phthalates in semen of men at the level from 0.08 to 1.32 mg/kg was related to declined semen quality and infertility. Majority
of human data showed the connection of increased level of phthalates in urine and sperm quality, however on the basis results of
other studies, the impact of environmental exposure on sperm parameters seems to be rather small.
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STRESZCZENIE

Powszechne narazenie na substancje estrogenopodobne, w tym na ftalany, jest uwazane za jedna z przyczyn zmniejszajgcej si¢
liczbnosci gamet meskich oraz pogarszajacej si¢ ich jakosci, co moze prowadzi¢ do nieptodnosci oraz zwickszonej czgstosci wad
wrodzonych uktadu rozrodczego. Niniejszy artykul opisuje wplyw wybranych ftalanow: butylobenzylu (BBP), dibutylu (DBP)
i dietyloheksylu (DEHP), dietlylu (DEP) oraz diizononylu (DINP) na gamety meskie, reprodukcj¢ oraz na potomstwo narazanych
zwierzat. Wyniki wezesniejszych badan in vitro wykazaly, ze wymienione ftalany wykazuja stabe dziatanie estrogenne, natomiast
wyniki in vivo $wiadcza raczej o ich antyandrogennych whasciwosciach. Analiza publikacji dotyczacych zwierzat laboratoryjnych
potwierdzita, ze ftalany powodujg zmniejszenie liczebnosci gamet meskich, zwickszong czgsto$¢ wystepowania plemnikow o nie-
prawidlowej budowie oraz uszkodzen DNA komorek piciowych, szczegblnie w przypadku narazania chronicznego lub naraza-
nia zwierzat niedojrzatych piciowo. Ftalany mogg indukowaé w gametach meskich mutacje powodujace zwigkszong $miertelno$é
pre- i postnatalng potomstwa, jak rowniez zwickszong czesto$¢ wad wrodzonych, opdznienia we wzroscie i osigganiu dojrzatosci
plciowej, skrocenie odlegtosci anogenitalnej u samcow, zaburzenia stosunku plei oraz pogorszenie jakosci nasienia w pokoleniu F1.
Wrazliwos¢ stadiow zyciowych ssakow na ftalany przedstawia si¢ nastepujaco: ptody>osobniki niedojrzate>doroste.

Znacznie mniej informacji opublikowano na temat wptywu ftalanow na jako$¢ nasienia ludzkiego. Uwaza si¢, Ze stezenie
ftalanow w nasieniu ludzkim od 0.08 do 1.32 mg/kg wptywa na pogorszenie jego jakosci i nieptodnosé. Wigkszo§¢ wyni-
kéw badan na materiale ludzkim wykazata zwigzek podwyzszonego stezenia ftalan6w w moczu z jakoscig gamet, jednakze
na podstawie innych badan, wptyw narazenia §rodowiskowego na parametry nasienia wydaje si¢ raczej niewielki.

Stowa kluczowe: ftalany, ilos¢ i jakos¢ nasienia, narazenie na ftalany, narazenie pre- i perinatalne, wplyw na ssaki i ludzi
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INTRODUCTION

The social interest of ecological and health
impact of endocrine disrupting compounds is
of growing concern. The general exposure to
endocrine disruptors, which are widely present
in the environment, is considered as one of the
reason diminished sperm count and deteriorated
sperm quality, which may lead to infertility and
higher incidence of congenital malformations of
the genital tract [23, 30, 142, 148]. Since 90s years
of XX century scientists publish papers about the
deterioration of male fertility. Firstly, Carlsen et
al. [30] analysed 61 papers published between 1938
and 1990 years, including data of 14 947 males and
observed that average sperm concentration per ml
was diminished from 113 mln in 1940 to 66 mln in
1990. Simultaneously, the sperm volume was reduced
from 3.40 ml to 2.75 ml, sperm abnormalities were
increased and motility was decreased [23, 30]. Above
results were confirmed later by Swan et al. [153], but
not recently by Axelsson et al. [16] and Jorgensen et
al. [91]. Anyway, diminished sperm count and quality
leading to increasing reproductive problems of males
may be caused among others by widespread exposure
to endocrine disruptors, including phthalates.

Phthalates are esters of phthalic acid, containing
a benzene ring, two corboxyl groups, and two alcohol
groups. They are manufactured by reacting phthalic
anhydride with alcohol that range from methanol up to
tridecyl alcohol. They are mainly used as plasticizers
i.e. substances added to plastics to increase their
flexibility, transparency, durability, and longevity.
Phthalates are used in many consumer products such
asbuilding materials, toys, food packaging, cosmetics,
and medical devices [139]. More than 1 000 000
tonnes of phthalates are consumed in Western
Europe [4]. There is no covalent bond between the
phthalates and plastics, so they are released into the
environment, especially after heating or exposure to
organic solvents. Phthalates are rapidly metabolized
in the body with limitation of half-lives less than 24
h [101]. They are not accumulated and are primarily
excreted in the urine.

This article describes the effects of selected
phthalates  di(2-ethylhexyl)phthalate =~ (DEHP),
dibutyl phthalate (DBP); butylbenzyl phthalate
(BBP), diethyl phthalate (DEP), di-isononyl phthalate
(DINP) on the male gametes, reproduction and the
offspring of exposed males. Results of several papers
in vitro showed that above mentioned phthalates
are weakly estrogenic [28, 72, 88], whereas in vivo
studies showed that they have rather antiandrogenic
abilities [66, 81].

THE EFFECTS ON GERM CELLS AND
REPRODUCTION ABILITY OF EXPOSED
MALES OF LABORATORY ANIMALS

Due to its endocrine disrupting activity, which
is capable of perturbing the reproductive process by
mimicking or antagonizing steroid action, phthalates
have been showntoreduce fertility and induce testicular
atrophy in laboratory animals [8, 142]. Phthalates
adversely affect the male reproductive system in
animals including hypospadias, cryptorchidism,
reduced testosterone production and sperm count.
The toxic action of phthalates is connectd with
inhibiting Leydig cell synthesis of testosterone [6].
Diminished sperm count and quality might be caused
by disturbances in the spermatogenesis induced by
phthalates [5].

The main targets of phthalates are Sertoli cells,
which does not proliferate after achievement of sexual
maturity therefore their damage may significantly
affect spermatogenesis [63, 75, 76, 88]. Animal studies
showed that DBP and DEHP may affect the structure
and function of Sertoli and germ cells leading to
decrease of Serfoli and spermatogonial cell numbers
and testosterone secretion [18, 62] and DEHP may
affect sperm morphology [58]. Toxicity of phthalates
connected with germ cells loss was primarily induced
through the effects of testicular cells [75, 99, 108, 109].
Results of numerous researches showed that pubescent
animals seems to be more sensitive than adult to the
testicular toxicity of phthalates [43, 79]. Dysfunction
of Sertoli cells induced by phthalate may leads to
disturbances in the development and differentiation
subsequent stages of spermatogenesis, especially
to progressive degeneration of spermatocytes and
spermatids [147]. There is known that DEHP induces
morphological changes of Sertoli cells, necrosis of
spermatogonia as well as removing of spermatocytes
and spermatids from seminiferous tubules [89,
135]. Moreover, DEHP induced spermatogenetic
disturbances and Leydig cells dysfunction [117].

Animal studies showed toxic effects of DEHP on
the reproduction and development of mammals [38,
95]. It disturbs the expression of genes connected
with development of testes and synthesis of steroid
hormones [145, 170]. The exposure of adult and
pubescent male rodents to this phthalate leads to
diminished testosterone and sperm production,
reduced testes and epididymis weights as well as to
histopathological changes in testes [2, 11, 14, 39,
40, 85, 95, 102, 119, 133, 146]. Zhang et al. [175]
proposed that the reason of those phenomenon is
induced by DEHP diminished expression of following
genes DDX3Y, Usp9Y, RBM, E1F1AY, EGF, FSHR,
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EGFR. Administration of DEHP to rodents may leads
to decline of spermatogenesis and atrophy of testes [1,
85]. Results of Dostal et al. [43] showed that exposure
of adult male rats for 5 days to doses of 1000 mg/kg
and 2000 mg/kg of DEHP daily causes degeneration
of spermatogonia and spermatocytes. This phthalate
may cause also reduced motility of gametes and
enhanced the frequency of morphologically abnormal
spermatozoa [2, 39, 40]. Mice received DEHP for
4 weeks at dose of 500 mg/kg/day showed 3-fold
enhanced level of DNA mutations in cells of gonads
[84]. The spermatozoa of mice treated in vitro to DEHP
at dose of 1 pg/ml showed significantly diminished
reproductive ability [84].

Some papers showed that the male reproductive
tract is the most sensitive to DEHP at earlier periods
of development [67-68, 119]. Noriega et al. [124]
observed that treatments to DEHP of pubescent male
rats of Long-Evans and Sprague-Dawley strains
induced delay in sexual maturation and reduction in
the weight of androgen-dependent tissues. Gonads
of immature rodents seems to be more sensitive to
damage induced by DEHP, and the changes might
me present after shorter than in case of adult animals
exposure time [40, 147].

In rats exposed to DBP, BBP, and DINP
significantly lowered the sperm count and motility
were observed [102]. Two weeks administration of
adult rats to 2.5% or 5% BBP in diet cause reduction of
testes and epidydymis mass [3]. The exposure lasting
to 25 weeks influence on decreased mass of testis,
epididymis and prostate, and diminished sperm count
[110, 125]. Eight-weeks covering full spermatogenic
cycle exposure to BBP induced weak reduction of
sperm count and significantly enhanced frequency of
morphologically abnormal spermatozoa [161].

DBP influences particularly toxic on the male
reproduction because of causing disturbances in
the differentiation and development of androgen-
dependent tissues, leading to underdevelopment
of male gonads, necrosis of seminiferous tubules
epithelium and in consequence to diminished
reproduction ability [19, 66, 95, 121]. This phthalate
induces oxidative stress in rats leading to changes in
the structure and function of epididymes [178]. The
exposure of adult rodents to DBP causes pathological
and biochemical changes in testes, reduction of
testes and epididymes weights and hypospermia [22,
115, 140]. Eight-weeks DBP administration to male
mice diminished sperm quality, especially enhances
frequency of morphologically abnormal spermatozoa
[41]. Single exposure of 3-weeks old male rats causes
diminished maturation of gametes [7].

There were no testicular effects in rats in chronic
studies of DINP at doses up to 600 mg/kg/day [27,

112] nor in 3-weeks study at doses up to 2600 mg/kg/
day [111]. Similarly, there were no testicular effects in
rats exposed as juveniles and young adults at dose 960
mg/kg daily of DINP [168].

Treatment of 5-week old rats with 2% DEP in
diet for 1 week significantly decreased testosterone
concentrations in testes and serum, contrary to other
phthalates including DEHP and DBP, which increased
testosterone level [126]. Dietary administration of 14
weeks mice to DEP did not affect fertility [31, 103,
125].

THE EFFECTS OF PRECONCEPTIONAL,
PRENATAL OR PERINATAL EXPOSURE
ON THE OFFSPRING

There are many papers described the effect of
intrauterine and during lactation exposure of rodents
to phthalates and significantly lower number of papers
are regarded to preconceptional exposure. Majority of
results showed that phthalates may affect fertility of
males, pregnancy rate and litter size.

Exposure of pregnant female rats to DEHP and
DINP at doses from 300 to 750 mg/kg bw per day may
leads to reduced testicular testosterone production
and levels in testes and plasma of male foetuses [24].
Intrauterine exposure to the dose of 1000 mg/kg
daily caused the decreased foetal weight and skeletal
abnormalities [77, 167]. Prenatal exposure of male rats
to DINP and DEHP caused genital malformations [66].

The dietary exposure of both sexes of rats to
DINP at levels 0.5-2% did not disturb male and
female fertility, fecundity, gestational index or length
of gestation [168]. Contrary, offspring survival and
body weights of foetuses exposed in utero and through
lactation to DINP at dose 1.5% in diet were reduced
[168].

DEHP  decreased litter sizes following
preconceptional exposure of males [2, 40], of pregnant
females [119] or both sexes of rodents [103]. After
eight-weeks preconceptional exposure of pubescent
male mice to DEHP the significantly enhanced
frequencies of unpregnant females and dead foetuses
in litters were noted [40]. In case of the exposure of
adult male mice to dose of 8000 mg/kg bw DEHP
daily, reduced number of live foetuses was observed
[39]. Similarly, decreased number of live foetuses
was noted in the offspring of F1 generation of male
and female mice exposed to DEHP by feed [103].
Prenatal exposure to DEHP induced gross and skeletal
malformations in foetuses [40, 66, 77, 144]. Other
study showed that exposure to DEHP in utero and
during lactation induced dose-dependently increased
postnatal mortality of the offspring [119]. Then,
administration of DEHP to pregnant females of rats at
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dose at least 1000 mg/kg bw daily caused decreased
number of live foetuses and theirs body weights as
well as increased incidence of congenital gross and
skeletal malformations of foetuses [66, 77, 119].
Contrary, DEHP given in the diet from 5 to 9 week of
age of the FO generation, and after mating to birth of
the F1 generation of mice showed no adverse effect on
litter size and weight and on the sex ratio [156, 157].

Treatment of pregnant females with BBP affect
the foetuses leading to their death before or after the
implantation [5, 55, 56, 123]. Exposure of female
Wistar rats to doses 500 and 1000 mg/kg/daily of BBP
between 15 and 17 day of pregnancy caused reduction
of litter sizes [56]. Then, exposure of females from 4
day to the end of the pregnancy induced reduction body
weight of foetuses at birth and at 21 postnatal day [5].
BBP or its metabolites, mono-n-butyl and mono-benzyl
given pregnant female mice on 8" day of pregnancy
at doses of 0.9-5.4 mmol/kg caused concentration
related embryolethality and malformations. BBP at the
same dose range administered to female rats on 10%
of pregnancy induced increase in post-implantation
losses and teratogenicity, but with lower susceptibility
to toxic effects compared to mice [138]. Exposure of
female rats to BBP at 2.0% concentration in feed on
gestational days 6-15 resulted in increased incidence
of resorption and malformations of foetuses [59].
Similarly, embryotoxicity was observed after exposure
of pregnant female rats to 2 % of BBP in diet [47,
48, 51]. Intrauterine exposure to BBP induced also
malformations of foetuses [48, 49]. Increase in the
incidence of resorption and teratogenic effects (defects
of the ribs, vertebral column, cleft palate and fusion of
sternebrate) were observed in rats given BBP at doses
750-1250 mg/kg on gestational days 7-9 and 13-15
[50, 53]. Perinatal exposure to BBP diminished mass
of testis and sperm count, and delay in achievement of
sexual maturity of males [12, 123, 134, 160].

In rats administered with DEP by feed on days
6-15 of pregnancy there were no effects on the number
of total, living and dead implants per litter and no
gross and skeletal malformations were observed. Only,
in high dose group (5% DEP in feed) the incidence of
foetuses with extra ribs was significantly higher [60,
136]. Similar skeletal malformations were noted in
mice administered from 0 to 17 days of pregnancy with
DEP at doses 500-5600 mg/kg bw daily, however the
number of malformations did not differ from that of
control [155]. In the offspring of female mice exposed
to DEP during pregnancy no effects on the litter size,
the number of living and dead foetuses was observed
[71, 155].

Preconceptional or intrauterine and lactational
exposure to phthalates may also affect development
of the offspring, especially causing the malformations
of male reproductive tract and affecting male germ

cells. As results of studies showed, phthalate exposure
are more severe after in utero than following adult
exposure. Exposure of female rats from 14 gestational
day to 3 postnatal day to DEHP, BBP and DINP altered
sexual differentiation causing for example reduced
testis weight, shortened of anogenital distance and
reproductive malformations [66].

Exposure of female rodents to BBP during
pregnancy and lactation may act as antiandrogen
leading to reduced testosterone production in male
foetuses and to deformation of genitals as well as
to histopathological changes in the structure of
seminiferous tubules and decreased production of
the sperm [66, 142]. Following exposure of female
rats to the dose of 400 mg/kg bw/daily of BBP before
conception and during pregnancy reduced testes and
epididymes weight and histopathological changes
in the structure of seminiferous tubules and Leydig
cells were observed in F1 generation, whereas in F2
generation reduced anogenital distance was noted
[13]. Exposure of female Wistar rats to doses 500
and 1000 mg/kg of BBP daily between 15 and 17
day of pregnancy adversely affect the development
of male reproductive tract of the offspring leading to
cryptorchidism and decrease of anogenital distance
in F1 generation [56]. Additionally, the dose of
100 mg/kg of BBP administered in utero caused
reduction of the reproductive organs weight, reduced
sperm count and motility as well as increased frequency
of malformed spermatozoa and increased production
of testosterone in adult males of F1 generation [5].
BBP administered by gavage in rats at 500 mg/kg on
days 15-17 of pregnancy caused undescending of testes
and decrease in anogenital distance [56]. Treatment of
pregnant females with BBP affect the foetuses leading
to reduction of the testes and epididymes weights,
decrease of angogenital distance and increased
frequency of abnormality in genitals of the offspring
[5, 56, 123].

Administration of FO male mice to DBP at dose
of 500 mg/kg bw for 8 weeks did not decrease of their
fertility [42]. Other animal studies showed that DBP
toxically affect the development of rodent foetuses
leading to teratogenic changes at higher doses without
the effects in exposed females [52, 143]. Exposure of
foetuses in utero to DBP may induce disturbances in
the expression of genes, which affect the development
of androgen-dependent tissues and cause abnormal
development of the sexual organs [98]. Other studies
showed that exposure to DBP of pregnant females
induced disturbances of organogenesis of testes,
cryptorchidism, hypospadia, decreased sperm count
and testosterone production as well infertility of 60
% male offspring [61, 116, 121, 122]. Intrauterine
exposure from 7 to 14 day of pregnancy induced
diminished sperm count, viability and motility, and
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increased frequency of morphologically abnormal
gametes [65]. DBP caused also decreased testosterone
production and disturbances in the metabolism of
steroid hormones in F1 generation [5, 65, 80, 98, 106,
173]. After exposure of female rats to DBP from 14
day to the end of the pregnancy decreased body weight
was observed postnatally in the progeny. Additionally
at the dose at least 50 mg/kg bw of DBP decreased
reproductive organs weight, sperm count and motility as
well as increased frequency of abnormal spermatozoa
in adult F1 males was noted [5]. Administration of
pregnant female rats to DBP directly before testes
differentiation in the offspring induced reduction in
the number of germinal cells and limitation of their
differentiation [87]. Exposure of foetuses in utero
and newborn laboratory animals to DBP induced
abnormal development of genital tract, diminished
sperm production and motility, as well as increased
frequency of abnormal spermatozoa in those animals
at adulthood [5, 15, 86, 97, 100, 114, 164, 171, 177].
Some papers showed that DBP may more adversely
affect fertility and quality of gametes in the progeny
of exposed animals than in those animals themselves
[33, 169]. Lee et al. [105] showed inconsiderable
delay in sexual maturity in rats exposed to DBP during
pregnancy and lactation. Exposure of females to DBP
in the last trimester of the pregnancy induced delay in
testes descent of F1 offspring [54]. Then, exposure to
doses from 250 to 500 mg/kg bw during pregnancy and
lactation caused decrease in the angenital distance in
males F1 generation [177]. Administration of FO male
mice to DBP at dose of 500 mg/kg bw for 8 weeks
induce growth retardation, disturbances in the sex ratio
and delayed vaginal opening in the F1 offspring; and
at dose of 2000 mg/kg bw daily increased the number
of abnormal spermatozoa [42]. Exposure of pregnant
female rats to 500 mg/kg bw of DBP caused abnormal
aggregation of Leydig cells in the foetal testis with
simultaneous reduction of cell size and number [114].

DEHP, DEP, BBP, DINP administered orally to
the dam of rats at 0.75 g/kg from gestational day 14
to postnatal day 3 did not affect litter sizes, however
DEHP and BBP reduced pup weight at birth, caused
shortened anogenital distance and reduced testis
weights in male pups [66]. Intrauterine exposure
to DEHP appears to shorten gestational length
[104] as does DBP [115] which also can cause litter
size reduction or total litter loss in mid-pregnancy.
Shortened gestational length represents a risk factor
for mortality. Exposure to DEHP of females from 7
to 14 day of pregnancy may be a reason of diminished
sperm count and quality in F1-F4 generation of the
offspring [44]. Preconceptional 8-weeks treatments of
adult male mice to DEHP caused delay in the testes
descent of F1 males [39]. In rats exposed to DEHP

during pregnancy and lactation an increased frequency
of congenital malformation in reproductive tract and
sexual abnormality on the male offspring were observed
[24, 66, 119, 132]. Exposure of pregnant females to
monobenzyl phthalate, the metabolite DEHP may be
a reason of elevated incidence of cryptorchidism in
their progeny [57]. Treatment of rats with doses 234-
1250 mg/kg day of DEHP from gestational day 14 to
parturition resulted in increases of the absolute volume
of Leydig cells per adult testis, and in reduced foetal
and adult testosterone production [34]. Other study
showed that DEHP has a biphasic effect on Leydig
cell function with low-dose exposure advancing the
onset of puberty [64]. In the offspring of female rats
treated with DEHP during pregnancy and lactation
the reduced anogenital distance and sperm count, as
well as deteriorated sperm quality were noted [10, 35,
66, 162]. Exposure to DEHP of pregnant female mice
decreased the testes weight of the offspring [149].
Exposure of FO males during full spermatogenesis
cycle caused reduced mobility of spermatozoa in
the progeny [40]. Administration of DEHP at doses
from 0.1 to 10 mg/kg/day from gestational day 21 to
postnatal day 21 significantly reduced the male-female
sex ratio and the sizes of male gonads in the progeny.
It was accompanied with lower expression levels of
testicular anti-mullerian hormone, androgen receptor,
cyclin A and StAR, Gnrh and Fsh at the hypothalamic-
pituitary levels [172].

There were no testicular effects in rats exposed to
DINP in utero and through lactation [168]. Exposure
of pregnant female rats to doses of 250 and 750 mg/
kg/day of DINP from 12 to 19 gestation day could
reduce testosterone concentration in the foetal testes
and induced incidence of multinucleated germ cells
[32]. DINP given pregnant female rats from 12 to
21 gestational day at doses of 10-1000 mg/kg bw
daily showed increase of foetal Leydig cell size and
aggregation, multinucleated gonocytes [107]. Pregnant
female rats were gavaged from gestational day 7 to
postnatal day 17 with 300-900 mg DINP/kg bw/day
and as the results histopathological changes in foetal
testes, increased nipple retention, reduced anogenital
distance, reduced sperm motility and increased sperm
count were observed [21].

In mice treated dietary with DEP for 14 weeks
there were no effects on the litter, size, the number of
live pups, the viability of pups or pups body weight
[31, 103, 125]. In the F1 offspring of mice treated
dietary with DEP for 14 weeks beginning at one week
before mating epididymal sperm concentration was by
30% reduced and the weight of prostate was increased
[31, 103, 125].
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THE EFFECTS OF PHTHALATES
ON THE HUMAN MALE GAMETES

Little is known about the effects of phthalates on
the human reproductive health. The human studies
provided limited evidence of an association between
phthalate exposure and semen quality.

Concentration of phthalates in semen of men at the
level from 0.08 to 1.32 mg/kg was related to declined
semen quality and infertility [176]. The in vitro study on
human semen exposed to DBP showed diminished viability
and motility of human gametes [130]. The metabolite of
DEHP, mono-(2-ethylhexyl)phthalate (MEHP) has been
reported to decrease testosterone production in the human
testis in vitro [37]. In other study, there were negative
association between DEHP and DINP metabolite levels
and semen volume [150]. In men from Greenland, Poland
and Ukraine significant associations between serum
levels of DEHP and DINP metabolites and serum level of
testosterone was noted. Additionally, in presence of some
metabolites of above phthalates semen volume and sperm
count were reduced [150].

In the review paper of Jurewicz and Hanke [92]
negative association between phthalate level and
impaired sperm quality (concentration, motility,
morphology) was noted. The urinary concentration of
the metabolite of DBP, monobutyl phthalate (MBP),
was found to be positively associated with the decreased
sperm concentration and sperm count. Significant
dose-dependent relationship of urinary level of DEHP
metabolites and on increased percentage of abnormal
sperm head was also observed [166].

In the semen of men from infertility couples
there were correlation between concentration of the
metabolite of DBP, MBP, and sperm quantity and quality
[45-46, 74]. Results of Pant et al. [131] showed that the
distribution of phthalate level was significantly higher
in infertile than in fertile men and overall elevated levels
of phthalate mainly DEP, DBP, DEHP were observed in
urban as compared to rural men.

Elevated urinary levels of DEP and DEHP
metabolites were associated with increased DNA
damage in human sperm [46, 74]. Murature et al. [120]
found relationship between sperm concentration and
DBP level in cellular fraction of ejaculate. Rozati et
al. [137] observed correlation of mixture of phthalate
(including DEP, DBP, BBP, DEHP) concentration and
sperm morphology as well as frequency of DNA single
strand breaks in sperm, but not ejaculate volume,
sperm concentration and motility. In young Swedish
men the level of DEHP metabolites was associated
with a lower proportion of progressively motile and
mature spermatozoa [17].

Several papers on human reported negative
association between exposure to DEHP and DBP on
sperm motility [45, 73, 82, 83,93, 129-131]. Association

of presence metabolites DBP and DEHP with decreased
sperm motility was noted also by Jurewicz et al. [93]
and Jonsson et al. [90]. Exposure to DBP and DEHP has
been associated with a lower semen quality [96].

Chinese study on the male cohort at reproductive
age showed dose-response relationship between
monomethyl phthalate (MMP) presence and sperm
concentration and between monoethyl phthalate
(MEP) presence and sperm motility [113]. Other study
reported that presence of MEHP in semen is associated
with increased sperm apoptosis, whereas presence of
MMP and MEP in semen is connected with increased
sperm DNA damage in Chinese men [174].

A meta-analysis study showed that monobutyl
phthalate (MBP) and monobenzyl phthalate (MBzP)
were associated with reduced sperm concentration.
Then, urinary increased concentration of MBP and
MEHP were associated with kind of motility. An increase
in MBzP and MEP levels was associated with increase
in DNA damage [29]. As Bloom et al. [20] reported,
urinary concentration of MBzP and monoisononyl
phthalate (MNP) were connected with decreased sperm
count and concentration, and with increased frequency
of morphologically abnormal spermatozoa. Then,
MMP presence in urine caused lower sperm motility,
whereas MEHP higher sperm motility [20]. Study of
Wang et al. [165] on males with reproductive problems
demonstrated that exposure to DEHP (i.e. presence of
their metabolites in the urine) may alter hormone levels,
disrupt semen DNA integrity and induce spontaneous
apoptosis. Contrary, American study showed that impact
of adult fertile men exposure to phthalates, including
DEHP, DBP and DEP at environmental levels, on sperm
parameters is rather small [158]. Also, Herr et al. [78]
noted that metabolites of DEHP analyzed in urine of
subfertile males are not associated with the quality of
human markers of reproductive function (i.e. semen
concentration, motility and morphology).

Occupational exposure to DEHP has been linked
with decreased sperm motility and with an increased
sperm DNA fragmentation [82, 83] and with reduced
level of testosterone [128]. Then, occupational exposure
to PVC plastics containing phthalates were not associated
with increased risk of testicular cancer [69, 70].

Significantly less papers describes the impact of
phthalates on the pregnancy duration and on the offspring
exposed prenatally. Latini et al. [104] demonstrated that
in utero exposure to DEHP is significantly associated
with shorter pregnancy duration. In turn, other authors
stated that there were no association between exposure
to DEHP of male partners and the time to pregnancy
[118]. Then, higher concentration of DEHP, but not
DEP, DBP and BBP metabolites in the urine of females
in the period around conception and pregnancy was
significantly associated with pregnancy loss [159].
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Human studies showed that prenatal exposure to
phthalates was associated with a shorter anogenital
distance in boys, i.e. reduced masculinization [25, 26, 141,
151, 52, 154]. Enhanced concentration of metabolites
DEP, DBP and BBP in the urine of pregnant females
was related to decreased anogenital distance among
male infants [152]. Moreover, shortened anogenital
distance was associated with an increased proportion of
boys with incomplete testicular descent. Other studies
indicated cryptorchidism and hypospadias as the effect
of prenatal phthalate exposure [127, 153, 163]. Prenatal
exposure may be also a reason of diminished fertility in
adult life [36]. In young men born by mother exposed
during pregnancy to higher levels of DINP and DEHP
diminished testicular and semen volumes were observed
[17]. Exposure to phthalates leads to declining proportion
of male births, because there is an association between
the level of phthalate metabolites in urine an sperm
chromosome Y:X ratio [94].

CONCLUSIONS

On the basis of animal studies, the sensitivity
on mammalian life stages on phthalates seems to
be as follows: fetal>peripubertal>adult. Phthalates
may affect male reproductive health of animals and
human. They cause reduction of sperm count and
increase in the frequency of abnormal spermatozoa
and DNA strand breaks. The most dangerous seems
to be chronic exposure. Damage to male germ cells
may leads to induction of mutation and enhanced pre-
and postnatal mortality of the offspring. Congenital
malformations, delayed sexual maturation, improper
sex ratio, shortening of anogenital distance in boys, and
deteriorated sperm quality are possible in F1 offspring.

REFERENCES

1.  Ablake M., Itoh M., Terayama H., Hayashi S., Shoji
S., Naito M., Takahashi K., Suna S., Jitsunari F.: Di-(2-
ethylhexyl) phthalate induces severe aspermatogenesis
in mice, however, subsequent antioxidant vitamins
supplementation  accelerates regeneration of the
seminiferous epithelium. Int J Androl 2004; 27(5): 274-81.

2.  Agarwal D.K., Eustis S, Lamb J.C., Reel JR., Kluwe
W.M.: Effects of di(2-ethylhexyl) phthalate on the gonadal
pathophysiology, sperm morphology, and reproductive
performance of male rats. Environ Health Perspect 1986;
65: 343-50.

3. Agarwal D.K., Moroonpot RR., Lamb JJ., Kluwe
W.M.: Adverse effects of butyl benzyl phthalate on the
reproductive and hematopoietic systems in male rats.
Toxicology 1985; 35(3): 189-206.

4. AgPU. Plastizicers Market Data. Bonn, Germany.
Arbeitsgemeinschaft PVC und Umwelt EV., 2006.

5. Ahmad R., Gautam AK., Verma V., Sedha S., Kumar S.:
Effects of in utero di-butyl phthalate and butyl benzyl

10.

11.

12.

13.

14.

15.

16.

17.

18.

phthalate exposure on offspring development and male
reproduction of rat. Environ Sci Pollut Res 2014; 21:
3156-65.

Akingbemi B.T, Ge R., Klinefelter G.R., Zirkin B.R.,
Hardy M.: Phthalate-induced Leydig cell hyperplasia is
associated with multiple endocrine disturbances. PNAS
2004;101(3):775-80.

Alam M.S., Andrina B.B., Tay TW., Tsunekawa N.: Single
administration of di(n-butyl) phthalate spermatogenesis in
prepubertal rats. Tissue Cells 2010; 142: 129-135.

Albro PW.: The biochemical toxicology of di(2-
ethylhexyl) and related phthalates: Testicular atrophy
and hepatocarcinogenesis. Rev Biochem Toxicol 1987;
8: 73-119.

Anderson D., Dobrzyriska M.M., Basaran N.: Effects of
various genotoxins and reproductive toxins in human
lymphocytes and sperm in the Comet assay. Teratogen
Carcinogen Mutagen 1997; 17: 29-43.

Andrade A.J., Grande S.W. Talsness C.E., Gericke
C., Grote K., Golombiewski A., Sterner —Kock A.,
Chahoud 1.: A dose response study following in utero
and lactational exposure to di-(2-ethylhexyl) phthalate
(DEHP): reproductive effects on adult male offspring rats.
Toxicology 2006; 228(1): 85-97.

Arcadi FA., Costa C., Imperatore C., Marchese A.,
Rapisarda A., Salemi M., Trimarchi G.R., Costa C.: Oral
toxicity of bis(2-ethylhexyl)phthalate during pregnancy
and sucking in the Long-Evans rat. Food Chem Toxicol
1998; 35: 963-970.

Ashby J., Timwell H., Lefevre PA., Odum J., Paton D.,
Millward S.W. Brooks A.N., Tittensor S.: Normal sexual
development rats exposed to butyl benzyl phthalate from
conception to wearing. Regular Toxicol Pharmacol 1997;
26:102-18.

Aso S., Ehara H., Miyata K., Hosyuyama S., Shiraishi
K., Umano T, Minobe Y.: A two-generation reproductive
toxicity study of butyl benzyl phthalate in rats. J Toxicol
Sci 2005; 30: 39-58.

ATSDR. Toxicological profile for di-(2-ethylhexyl)
phthalate (DEHP). Agency for Toxic Substances and
Disease Registry, United States Public Health Service,
Atlanta GA 2002.

Auharek S.A., Franca L.R., McKinell C., Jobling M.S.,
Scott HM., Sharpe R.M.: Prenatal plus postnatal exposure
to di(n-butyl) phthalate and/or flutamide markedly reduces
final Sertoli cell number in the rat. Endocrinology 2010;
151: 2868-75.

Axelsson J., Rylander L., Rignell-Hydbom A., Giwercman
A.: No secular trend over the last decade in sperm counts
among Swedish men from the general population. Human
Reprod 2011; 26(5): 1012-6.

Axelsson J., Rylander L., Rignell-Hydbom A., Lindh C.H.,
Jonsson B.A., Giwercman A.: Prenatal phthalate exposure
and reproductive function in young men. Environ Res
2015; 138: 264-70.

Bao AM.,. Man X M., Guo X.J., Dong H.B., Wang F.Q.,
Sun H., Wang Y.B., Zhou ZM., Sha J.H.: Effects of di-
n-butyl phthalate on male rat reproduction following
pubertal exposure. Asian J. Androl 2011; 13(5): 702—709.



216

M.M. Dobrzynska

No 3

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

Barlow N.J., Mcintyre B.S., Foster PM.: Male reproductive
tract lesions at 6, 12, and 18 months of age following in
utero exposure to di(n-butyl) phthalate. Toxicol Pathol
2004;32: 79-90.

Bloom M.S., Whitcomb B.W., Chen Z., Ye A., Kannan K.,
Buck Louis G.M..: Associations between urinary phthalate
concentrations and semen quality parameters in a general
population. Human Reprod 2015; 30(11): 2645-57.
Boberg J., Christiansen S., Axelstad M., Kiedal M.,
Vinggaard A.M., Dalgaard M., Nellemann C., Hass
U.: Reproductive and behavioral effects of diisononyl
phthalate (DINP) in perinatally exposed rats. Reprod
Toxicol 2011; 31(2): 200-9.

Boekelheide K., Johnson K.J., Richburg J.H.: Sertoli cell
toxicants, In: Skinner M.K., Griswold M.D. (Eds.), Sertolli
cell biology, Elsevier Academic Press, San Diego, 2004.
Bonde J.P, Giwercman A.: Occupational hazard to male
fecundity. Reprod Med Rev 1995; 4:59-73.

Borch J., Ladefoged O., Hass U., Vinggaard A.M...
Steroidogenesis in fetal male rats is reduced by DEHP and
DINP, but endocrine effects of DEHP are not modulated
by DEHA in fetal, prepubertal and adult male rats. Reprod
Toxicol 2004;18(1):53-61.

Bornehag C.G., Carlstedt F., Jonsson B.A.G., Lindh C.H.,
Jensen TK., Bodin A., Jonsson C., Janson S., Swan S.H.:
Prenatal phthalate exposures and anogenital distance in
Swedish. boys. Environ. Health Perspect 2015; 13: 101-3.
Bustamante-Montes L.P, Hernandez-Valero A., Flores-
Pimentel D., Garcia-Fabila M., Amaya-Chavez A., Barr
D.B., Borja-Aburto V.H.: Prenatal exposure to phthalates
is associated with decreased anogenital distance and penile
size in male newborns. J Dev Orig Health Dis 2013; 4:
300-6.

Butala J., Moore M., Cifone M., Bankston J., Astill B.:
Oncogenicity study on di(isononyl)phthalate in rats.
Toxicologist 1996; 30: A1031, 2002.

Buteau-Lozano H., Velasco G., Cristofari M., Balaguer
P, Perrot-Applanat M.: Xenoestrogens modulate vascular
endothelial growth factor secretion in breast cancer cells
through an estrogen receptor-dependent mechanism. J
Endocrinol 2008; 196: 399-412.

Cai H., Zheng W., Zheng P, Wang S., Tun H., He G., Qu
W.: Human urinary/seminal phthalates or their metabolite
levels and semen quality: A meta-analysis. Environ Res
2015; 142:486-94.

Carlisen E., Giwercman A., Keiding N., Skakkebaek N.E.:
Evidence for decreasing quality of semen during past. Br
Med J 1992; 305: 609-13.

Chapin R.E., Sloane R.A.: Reproductive assessment
by continuous breeding: evolving study design and
summaries of ninety studies. Environ Health Perspect
1997;105(Suppl. 1):199-246.

Clewell RA., Sochaski M., Edwards K., Creasy D.M.,
Willson G., Andersen M.E.: Disposition of diisononyl
phthalate and its effects on sexual development of the male
fetus following repeated dosing in pregnant rats. Reprod
Toxicol 2013; 35: 56-69.
Colborn T, Clement
environmental toxicology. Vol.

C.. Advances
XXI.

in  modern
Chemically-

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

induced alterations in sexual and functional development:
the wildlife/human connection, Princeton Scientific
Publishing Co. Inc, Princeton, NJ, 1992.

Culty M., Thuillier R., Li W., Wang Y., Martinez-Arguelles
D.B., Benjamin C.G., Triantafilou KM., Zirkin B.R.,
Papadopoulos V.: In utero exposure to di-(2-ethylhexyl)
phthalate exerts both short-term and long-lasting
suppressive effects on testosterone production in the rat.
Biol Reprod 2008; J78(6):1018-28.

Dalsenter PR., Santana G.M., Grande S.W., Andrado A.J.,
Araujo S.L.: Phthalate affect the reproductive function and
sexual behavior of male Wistar rats. Human Exp Toxicol
2006; 25: 297-303.

Dean A., Sharpe R.M.: Clinical review: anogenital
distance and digit length ratio as measures of fetal and
androgen exposure: relationship to male rproductive
development and its disorders. J Clin Endocrinol Metab
2013; 98: 2230-38.

Desdoits-Lethimonier C., Albert O., Le Bizec B., Perdu
E., Zalko D., Courant F., Lesne L., Gouille F., Dejucq-
Rainsford N., Jegou B.: Human testis steroidogenesis
is inhibited by phthalates. Human Reprod 2012; 27:
1451-59.

DFG, Deutsche  Forschungsgemeinschaft. — Di(2-
ethylhexyl)phthalate (DEHP). In: Gesundheitsschadliche
Arbeitsstoffe-Toxikologischarbeitsmedizinische
Begrundungen von MAK-Werten.35. Red. H. Greim H,
Erganzungslieferung, Wiley-VCH, 2002.

Dobrzynska M.M., Czajka U., Tyrkiel E.J.: Male-mediated
F1 effects in mice exposed to di(2-ethylhexyl)phthalate
(DEHP). In: Male-mediated developmental toxicity. D.
Anderson, M.H.Brinkworth MH (Eds): RSC Publishing,
2007.

Dobrzynska MM., Tyrkiel E.J., Derezinska E., Pachocki
KA., Ludwicki JK :Two generation reproductive and
developmental toxicity following subchronic exposure of
pubescent male mice to di(2-ethylhexyl)phthalate. Ann
Agric Environ Med 2012;19(1):31-37.

Dobrzynska M.M., Tyrkiel E.J., Hernik A., Derezinska E.,
Goralczyk K., Ludwicki JK.: The effects of di-n-butyl
phthalate on the germ cells of laboratory mice. Rocz
Panstw Zakl Hig 2009; 60 (4): 317-324.

Dobrzynska MM., Trkiel EJ, Pachocki KA.:
Developmental toxicity in mice following paternal
exposure to Di-N-butyl-phthalate. Biomed Environ Sci
2011; 24(5): 569-78.

Dostal L.A., Chapin RE., Stefanski S.A., Harris M.W,
Schwetz B.A:. Testicular toxicity and reduced Sertoli cell
numbers in neonatal rats by di(2-ethylhexyl)phthalate and
the recovery of fertility as adults. Toxicol Appl Pharmacol
1988; 95: 104-21.

Doyle T.J.,, Bowman J.L., Windell V.L., McLean D.J,
Kim K H.: Transgenerational effects of di-(2-ethylhexyl)
phthalate on testicular germ cell associations and
spermatogonial stem cells in mice. Biol Reprod 2013;
88(5):112, 1-15.

Duty S.M., Silva M.J., Barr D.B., Brock J., Ryan L., Chen
Z., Herrick R.F., Christiani D.C. Hauser R.: Phthalate
exposure and human semen parameters. Epidemiology
2003;14: 269-77.



No 3

Phthalates - widespread occurrence and the effect on male gametes.

217

46.

47.

48.

49.

50.

SL

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Duty S.M., Singh N.P, Silva M.J., Barr D.B., Brock J.W,,
Ryan L.. Herrick R.F, Christiani D.C. Hauser R.: The
relationship between environmental exposure to phthalates
and DNA damage in human sperm using the neutral comet
assay. Environ Health Perspect 2003; 1119:1164-69.

Ema M., Itami R., Kawasaki H.: Embryolethality and
teratogenicity of butyl benzyl phthalate in rats. J Appl
Toxicol 1992; 12: 179-83.

Ema M., Itami R, Kawasaki H.: Effect of period of
exposure on the developmental toxicity of butyl benzyl
phthalate in rats. J Appl Toxicol 1992; 12: 57-61.

Ema M., Itami R., Kawasaki H.: Teratogenic evaluation of
butyl benzyl phthalate in rats by gastric intubation. Toxicol
Lett 1992; 61: 1-7.

Ema M., Itami R., Kawasaki H.: Teratogenic phase
specificicy of butyl benzyl phthalate in rats. Toxicology
1993; 79: 11-19.

Ema M., Murai T, Itami R., Kawasaki H.: Evaluation of
the teratogenic potential of the plasticizer butyl benzyl
phthalate in rats. J Appl Toxicol 1990; 10: 339-43.

Ema M., Amano H., Itami T, Kawasaki H.: Teratogenic
evaluation of di-n-butyl phthalate in rats. Toxicol Lett.
1993; 69: 197-203.

Ema M., Kuriosaka R., Amano H., Ogawa Y.: Compartive
developmental toxicity of n-butyl benzyl phthalate and di-
n-butyl phthalate in rats. Arch Environ Contam Toxicol
1995; 28: 223-28.

Ema M., Miyawaki E., Kawashima K.: Effects of dibutyl
phthalate on reproductive function in pregnant and
pseudopregnant rats. Reprod Toxicol 2000; 14: 13-19.
Ema M., Miyawaki E., Kawashima K.: Further evaluation
of developmental toxicity of di-n-butyl phthalate following
administration during late pregnancy in rats. Toxicol Lett
1998; 98(1-2): 87-93

Ema M., Miyawaki E.: Effects on development of the
reproductive system in male offspring of rats given butyl
benzyl phthalate during late pregnancy. Reprod Toxicol
2002; 16(1): 71-76.

Ema M., Miyawaki N.E., Hirose A., Kamata E.:
Decreased anogenital distance and increased incidence of
undescended testes in fetuses of rats given monobenzyl
phthalate, a major metabolite of butyl benzyl phthalate.
Reprod Toxicol 2003; 17: 407-12.

Erkekoglu P, Zeybek N.D., Giray B., Asan E., Arnaud
J., Hinca F.: Reproductive toxicity of di(2-ethylhexyl)
phthalate in selenium-supplemented and selenium-
deficient rats drug Chem Toxicol 2011; 34: 379-389.
Field EA., Price CI, Marr M.C, Myers CB.:
Developmental toxicity evaluation of butyl benzyl
phthalate (CAS No 85-68-71) administered in feed to CD
rats of gestational days 6 to 15. NTP-89-246. Research
Triangle Park: National Toxicology Program., 1989.
Field E.A., Price C.J., Sleet R.B., George J.D., Marr M.C.,
Mpyers C.B., Schwetz B.A., Morrissey R.E.: Developmental
toxicity evaluation of diethyl and dimethyl phthalate in
rats. Teratology 1993; 48:33-44.

Fisher J.S., Macpherson S., Marchetti N., Sharpe R.M.:
Human “testicular dysgenesis syndrome™: a possible
model using in-utero exposure of the rat to dibutyl
phthalate. Human Reprod 2003; 18: 1383-1394.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Foster PM., Mylchreest E., Gaido K.W.,, Sar M.:. Effects
of phthalate esters on the developing reproductive tract of
male rats. Hum Reprod Update 2002; 7:231-235.
Fukuoto H., Tanimoto T, Zhou Y, Hayakawa T.:
Mechanism of testicular atrophy induced by di-n-butyl
phthalate in rats. J Appl Toxicol 1989; 9: 277-289.

Ge RS, Chen G.R, Dong Q. Akingbemi B., Sottas
CM., Santos M., Sealfon S.C., Bernard D.J.,, Hardy
M.P: Biphasic effects of postnatal exposure to
diethylhexylphthalate on the timing of puberty in male
rats. J Androl. 2007; 28(4):513-20.

Giribabu N., Sainath S.B., Sreenivasula Reddy
P: Perinatal diOn-butyl phthalate exposure alters
reproductive function at adulthood in male rats. Environ
Toxicol 2014; 29(5): 534-44.

Gray L.E. Jr, Ostby J., Furr J., Price M., Veeramachaneni
D.N., Parks L.: Perinatal exposure to the phthalates DEHP,
BBP, and DOTP, alters sexual differentiation of the male
rat. Toxicol Sci. 2000; 58: 350-365.

Gray T.J., Beamand J.A.: Effect of some phthalates esters
and other testicular toxins on primary cultures of testicular
cells. Food Chem Toxicol 1984; 22: 123-31.

Gray T.J., Butterworth K.R.: Testicular atrophy produced
by phthalate esters. Arch Toxicol Suppl 1980; 4: 432- 455.
Hansen J.: Risk for testicular cancer after occupational
exposure to plastics. .Int J Cancer 1999; 82:911-12.
Hardell L., Ohlson C.G., Frederikson M.: Occupational
exposure to polyvinylchloride as a risk factor for testicular
cancer evaluated in a case-control study. Int J Cancer
1997;73:828-30.

Hardin B.D., Schuler R.L., Burg JR., Booth G.M,
Hazelden K.P, MacKenzie K.M., Piccirillo VJ., Smith
K.N.: Evaluation of 60 chemicals in a preliminary
developmental toxicity test. Teratogen Carcinogen
Mutagen 1987; 7(1):29-48.

Harris C.A., Henttu P, Parker M.G., Sumpter J.P.: The
estrogenic activity of phthalate esters in vitro. Environ.
Health Perspect 1997; 105: 802-811.

Hauser R., Meeker J.D., Duty S., Silva M.J., Calafat A.M...
Altered semen quality in relation to urinary concentrations
of phthalate monoester and oxidative metabolites.
Epidemiology 2006;17:682-91.

Hauser R., Meeker J.D., Singh N.P, Silva M.J., Ryan L.,
Duty S, Calafat A.M.: DNA damage in human sperm
is related to urinary levels of phthalate monoester and
oxidative metabolites. Hum Reprod 2007; 22: 88-95.
Heindel J.J., Chapin R.E.: Inhibition of FSH-stimulated
c-AMP accumulation by mono(2-ethylhexyl)phthalate in
primary rat Sertoli-cell cultures. Toxicol Appl Pharmacol
1989; 97: 372-85.

Heindel J.J., Powell C.J.: Phthalate esters effects on
rat Sertoli cell function in vitro, effects of phthalatic
side chain and age of animal. Toxicol Appl Pharmacol
1992;115:116-123.

Hellwig J., Freudenberger J., Jackh R.: Differential
prenatal toxicity of branched phthalate esters in rats. Food
Chem Toxicol 1997; 35: 501-12.

Herr C., zur Nieden A., Koch HM., Schuppe H.C., Fieber
C., Angerer J., Eikmann T, Stilianakis N.I.: Urinary
di(2-ethylhexyl)phthalate ~ (DEHP)--metabolites  and



218

M.M. Dobrzynska

No 3

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

male human markers of reproductive function. Int J Hyg
Environ Health 2009; 2012(6):648-53.

Higuchi T.T, Palmer J.S., Gray L.E., Veera machaneni
D.N.. Effects of dibutyl phthalate in male rabbits following
in utero, adolescent, or postpubertal exposure. Toxicol Sci
2003;72:301-13.

Hirosawa N., Yano K., Suzuki Y., Sakamoto Y.: Endocrine
disrupting effect of di-(2-ethylhexyl) phthalate on female
rats and proteome analysis of their pituitaries. Proteomics.
2006; 6: 958-71.

Howdeshell K L., Wilson V.S., Furr J., Lambright C.R.,
Rider C.V,, Blystone C.R., Hotchkiss A.K., Gray L.E. Jr.:
A mixture of five phthalate esters inhibits fetal testicular
testosterone production in the Sprague-dawley rat in a
cumulative, dose-additive manner. Toxicol. Sci 2008; 105:
153-165.

Huang L.P, Lee C.C., Fan J.P, Kuo PH., Shih T.S., Hsu
P.C.: Urinary metabolites of di-(2-ethylhexyl) phthalate
relation to sperm motility, reactive oxygen species
generation, and apoptosis in polyvinyl chloride workers.
Int Arch Occupat Environ Health 2014; 87: 635-46.
Huang L.P, Lee C.C., Hsu P.C., Shih T.S.: The association
between semen quality in workers and the concentration
of di-(2-ethylhexyl) phthalate in polyvinyl chloride pellet
plant air. Fertil Steril 2011; 96: 90-94.

Huang X-F, Li Y, Gu Y-H., Liu M., Xu Y, Yuan Y., Sun
FE, Zhang H.Q., Shi H.J.: The effects of di-(2-ethylhexyl)-
phthalate exposure on fertilization and embryonic
development in vitro and testicular genomic mutation in
vivo. PLoS One 2012; 7(11): 1-7.

Ishihara M., Itoh M., Miyamoto K., Suna S., Takeuchi
Y, Takenaka I, Jitsunari F.: Spermatogenic disturbance
induced by di-(2-ethylhexyl) phthalate is significantly
prevented by treatment with antioxidant vitamins in the
rat. Int J Androl 2000; 23(2): 85-94.

Jeng H.A., Yu .: Alterations in sperm quality and hormone
levels by polycyclic aromatic hydrocarbons on airborne
particulate. J Environ Sci Health A Tox Hazard Subst
Environ Eng 2008; 43: 675-81.

Jobling M.S., Hutchinson G.R., van den Driesche S.,
Sharpe R.M.: Effects of di(n-butyl) phthalate exposure
on foetal rat germ-cell number and differentiation:
identification of age-specific windows of vulnerability. Int
J Androl 2011; 34: 886-96.

Jobling S., Reynolds T, White R., Parker M.G., Sumpter
J.P: A variety of environmentally peristent chemicals
including some phthalate plasticizers, are weekly
estrogenic. Environ Health Perspect 1995; 103: 582-87.
Jones HB., Garside D.A., Liu R, Roberts J.C.: The
influence of phthalate esters on Leydig cell structure
and function in vitro and in vivo. Exp Mol Pathol 1993;
58(3):179-93.

Jonsson B.A., Richthoff J., Rylander L., Giwercman A.,
Hagmar L.:. Urinary phthalate metabolites and biomarkers
of reproductive function in young men. Epidemiology
2005; 16: 487-93.

Jorgensen N., Joensen U.N., Jensen TK., Jensen M.B.,
Almstrup K., Olesen 1.4, Juul A., Andersson A.M., Carlsen
E., Petersen J.H., Toppari J., Skakkebaek N.E.: Human
semen quality in the new millennium: a prospective cross-

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

sectional population-based study of 4867 men. BMJ open
2012;2: 1-13.

Jurewicz J., Hanke W.: Exposure to phthalates:
reproductive outcome and children health. A review of
epidemiological studies. Int J Occupat Med Environ
Health 2011; 24(2):115-41.

Jurewicz J., Radwan M., Sobala W., Ligocka D., Radwan
P, Bochenek M., Hawuta W, Jakubowski L., Hanke W.:
Human urinary phthalate metabolites level and main
semen parameters, sperm chromatin structure, sperm
aneuploidy and reproductive hormones. Reprod Toxicol
2013; 42: 232-41.

Jurewicz J., Radwan M., Sobala W., Radwan P,
Jakubowski L., Wielgomas B., Ligocka D., Brzeznicki
S., Hanke W.: Exposure to widespread environmental
endocrine disrupting chemicals and human sperm sex
ratio. Environ Pollut 2016; 213:732-40.

Kavlock R., Boekelheide K., Chapin R., Cunningham M.,
Faustman E., Foster P, Golub M., Henderson R., Irwin
Hinberg I, Little R., Seed J., Shea K., Tabacova S., Yl R.,
Williams P, Zacharewski T.: NTP Center for Evaluation
of Risks to Human Reproduction: phthalates expert panel
report on the reproductive and developmental toxicity of
di-n-butyl phthalate. Reprod Toxicol 2002; 16: 489-527.
Kay VR, Bloom M.S., Foster W.G.:. Reproductive and
developmental effects of phthalate diesters in males. Crit.
Rev. Toxicol 2014; 44: 1-32.

Kim H.S., Kim T.S., Shin JH., Moon HJ., Kang LH.,
Kim LY, Oh J.Y, Han S.Y.: Neonatal exposure to di(n-
butyl) phthalate (DBP) alters male reproductive-tract
development. J Toxicol Environ Health A 2004; 67(23-
24): 2045-60.

Kim TS., Jung KK., Kim S.S., Kang I.H., Baek J.H, Nam
H.S, Hong SK., Lee BM., Hong J.T., Oh KW, Kim H.S.,
Han S.Y,, Kamg T.S.: Effects of in utero exposure to di(n-
butyl) phthalate on development of male reproductive
tracts in Sprague-Dawley rats. J Toxicol Environ Health A
2010; 73(21-22): 1544-59.

Kim Y-H, Lee J, Moon S.-H.: Degradation of an
endocrine disrupting chemical, DEHP [di-(2-ethylhexyl)
phthalate] by Fusarium oxysporium f. sp. pisi cutinase.
Appl Microbiol Biotechnol 2003; 63: 75-80.

Kleymenova E., Swanson C., Boekelheide K., Gaido
K. W.: Exposure in utero to di(n-butyl) phthalate alters
the vimentin cytoskeleton of fetal rat Sertoli cells and
disruptors Sertoli cell-gonocyte contact. Biol Reprod
2005; 73: 482-90.

Koch HM., Bolt HM., Preuse R., Angerger J.: New
metabolites of  di(2-ethylhexyl)phthalate (DEHP)
in human urine and serum after single oral doses of
deuterium-labelled DEHP. Arch Toxicol 2005; 79: 367-76.
Kwack S.J., Kim KB., Kim HS., Lee BM.:
Comparative toxicological evaluation of phthalate
diesters and metabolites in Sprague-Dawley male rats
for risk assessment. J Toxicol Environ Health A 2009;
72: 1446-54.

Lamb J.C. 4", Chapin RE., Teaque J., Lawton A.D., Reel
J.R.: Reproductive effects of four phthalic acid esters in
the mouse. Toxicol Appl Pharmacol 1987; 88: 255-69.



No 3

Phthalates - widespread occurrence and the effect on male gametes.

219

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Latini G., De Felice C., Presta G., Del Veschio A., Paris
L, Ruggieri F., Mazzeo P.: In utero exposure to di-(2-
ethylhexyl)phthalate and duration of human pregnancy.
Environ Health Perspect 2003; 111(14): 1783-85.

Lee, K.Y, Shibutani, M., Takagi, H., Kato, N., Takigami,
S., Uneyama, C., Hirose M.: Diverse developmental
toxicity of di-n-butyl phthalate in both sexes of rat
offspring after maternal exposure during the period
from gestation through lactation. Toxicology 2004;
203:221-38.

Lehmann, K.P, Philips, S., Sar, M., Foster, PM., Gaido,
K. W.: Dose-dependent alterations in gene expression and
testosterone synthesis in the fetal testes of male exposed
to di(n-butyl)phthalate. Toxicol Sci 2004; 81: 60-68.
LiL,BuT, SuH., Chen Z, Liang Y., Zhang G., Zhu
D., Shan Y, Xu R., Hu Y, Li J., Hu G, Lian Q., Ge
R.S.: In utero exposure to diisononyl phthalate caused
testicular dysgenesis of rat fetal testis. Toxicol Lett
2015; 232(2): 466-74.

Li L.H, Jester W.F, Orth J.M.:. Effects of relatively
low levels of mono-(2-ethylhexyl) phthalate on
cocultured Sertoli cells and gonocytes from neonatal
rats. Toxicol Appl Pharmacol 1998;153:258-65.

Li L.H., Jester WF, Laslett A.L., Orth J.M.: A single
dose of di-(2-ethylhexyl) phthalate in neonatalrats
alters gonocytes, reduces Sertoli cell proliferation,
and decreases cyclin D2 expression. Toxicol Appl
Pharmacol 2000;166:222-9.

Li WL., Ji YB.,, Yang YN., Yang B.: Reproductive
toxicity and functional mechanism the environmental
hormone butyl benzyl phthalate. Huan Jing Ke Xue
2004; 25(1): 1-6.

Lington A., Gray T.J.B., Evans J., Lake B., Morgan
B.: Short-term feeding studies assessing the testicular
effects on nine plasticizers in the F344 rat.. Acta Pharm
Toxicol 1993; 73(Suppl. 11): 132.

Lington A.W., Bird M.G., Plutnick R.T., Stubblefield
W.A., Scala R.A.:Chronic toxicity and carcinogenic
evaluation of diisononyl phthalate in rats. Fund Appl
Toxicol 1997;36:79-89.

Liu L., Bao H., Liu F, Hang J., Shen H.:Phthalate
exposure of Chinese reproductive age couples and its
effect on male semen quality, a primary study. Environ
Int 2012; 42:78-83.

Mahood I.K., Scott HM., Brown R., Hallmark N., Walker
M., Sharpe R.M.: In utero exposure to di (n-butyl)
phthalate and testicular dysgenesis. Comparison of fetal
and adult endpoints and their dose sensitivity. Environ
Health Perspect 2007; 115: 55-61.

Marsman D.: NTP technical report on the toxicity
studies of dibutyl phthalate (CAS No. 84-74-2)
administered in feed to F344/N rats and B6C3F1 Mice.
Toxic Rep Ser 1995;30:1-65.

McKinnell C., Sharpe R.M., Mahood K., Hallmark N.,
Scott H., Ivell R., Staub C., Jegou B., Haag F., Koch-
Nolte F,, Hartung S.: Expression of insulin-like factor
3 protein in the rat testis during fetal and postnatal
development and in relation to cryptorchidism
induced by in utero exposure to di(n-butyl) phthalate.
Endocrinology. 2005; 146: 4536-4544.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Miura Y, Naito M., Ablake M., Terayama H., Yi S.Q.,
Qu N., Cheng L.X,, Suna S., Jitsunari F., Itoh M.:. Short-
term effects of di-(2-ethylhexyl) phthalate on testes, liver,
kidneys and pancreas in mice. Asian J Androl 2007; 9(2):
199-205.

Modigh C.M., Bodin S.L.V, Lillienberg L., Dahlman-
Hoglund A., Aksessn B., Axelsson G.: Time to pregnancy
among partners of men exposed to di(2- ethylhexyl)
phthalate.Scand J Work Environ Health 2002;28:418-28.
Moore RW, Rudy TA., Lin TM.,, Ko K., Peterson RE:
Abnormalities of sexual development in male rats with
in utero and lactational exposure to the antiandrogenic
plasticizer Di(2-ethylhexyl)phthalate. Environ Health
Perspect 2001; 109: 229-237.

Murature D.A., Tang S.Y,, Steinhardt G., Dougherty R.C.:
1987 Phthalate esters and semen quality parameters.
Biomed Environ Mass Spectrom 1987;14:473—477.
Mylchreest E., Cattley R.C., Foster PM.D.:. Male
reproductive tract malformations in rat following
gestational and lactational exposure to di(n-butyl)
phthalate; an antiandrogenic mechanism? Toxicol Sci
1998; 43: 47-60.

Mylchreest E., Sar M., Wallace D.C., Cattley R.C., Foster
PM.: Fetal testosterone insufficiency and abnormal
proliferation of Leydig cells and gonocytes in rats exposed
to di(n-butyl) phthalate. Reprod Toxicol 2002; 16:19-28.
Nagao T, Ohta R., Marumo H., Shindo T, Yoshimura
S., Ono H.: Effect of butyl benzyl phthalate in Sprague-
Dawley rats after gavage administration: a two generation
reproductive study. Reprod Toxicol 2000; 14: 513-532.
Noriega N.C., Howdeshell K.L., Furr J., Lambright C.R.,
Wilson V.S., Gray L.E. Jr: Pubertal administration of
DEHP delays puberty, suppresses testosterone production,
and inhibits reproductive tract development in male
Sprague-Dawley and Long-Evants rats. Toxicol Sci 2009;
111: 163-78.

NTP —National Toxicology Program NTP Toxicology and
Carcinogenesis Studies on butyl benzyl phthalate (CAS
No 85-68-7) in rats (Feed Studies), Nat Toxicol Program
Tech Rep Ser. 1997, 458. 1-195.

Oishi S., Hiraga K. Testicular atrophy induced by phthalic
acid esters: Effect on testosterone and zinc concentrations.
Toxicol Appl Pharmacol 1980; 53(1):35-41.

Ormond G., Nieuwenhuijsen M.J., Nelson P, Toledanko
M.B., Iszatt N., Geneletti S., Elliott P.: Endocrine disruptors
in the workplace, hair spray, supplementation and risk of
hypospadias: case control-study. Environ Health Perspect
2009;117: 303-7.

Pan G., Hanaoka T., Yoshimura M., Zhang S., Wang P,
Tsukino H., Inoue K., Nakazawa H., Tsugane S., Takahashi
K.: Decreased serum free testosterone in workers exposed
to high levels of di-n-butyl phthalate (DBP) and di-(2-
ethylhexyl) phthalate (DEHP): a cross sectional study in
China. Environ Health Perspect 2006; 114: 1643-48.

Pant N., Kumar G., Upadhyay A.D., Patel D.K., Gupta
YK, Chaturvedi PK.: Reproductive toxicity of lead,
cadmium, and phthalate exposure in men. Environ Sci
Pollut Res Int 2014; 21(18):11066-74.



220

M.M. Dobrzynska

No 3

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Pant N., Pant A., Shukla M., Mathur N., Gupta Y,
Saxena D.: Environmental and experimental exposure
of phthalate esters: the toxicological consequence on
human sperm. Hum Exp Toxicol 2011; 6: 507-4.

Pant N., Shukla M., Kumar-Patel D., Shukla Y., Mathur
N., Kumar Gupta Y., Saxena D.K.: Correlation of
phthalate exposures with semen quality. Toxicol Appl
Pharmacol 2008; 231(1): 112-6.

Parks L.G., Ostby J.S., Lambright C.R., Abbott B.D.,
Klinefelter G.R., Barlow N.J. Gray E.: The plasticizer
diethylhexyl phthalate induced malformations
be decreasing fetal testosterone synthesis during
sexual differentiation in the male rat. Toxicol Sci
2000;58:339-349.

Parmar D., Srivastava S.P, Seth PK.: Effect of di(2-
ethylhexyl)phthalate (DEHP) on spermatogenesis in
adult rats. Toxicology 1986; 42: 47-55.

Piresma A.H., Verkoef A., Biesebeek J.B., Pieters
M.N., Slab W.: Developmental toxicity of butyl benzyl
phthalate in the rat urinary, a multiple dose study
design. Reprod Toxicol 2000;14:417-25.

Poon R., Lecavalier P, Mueller R., Valli V.E., Procter
B.G., Chu I.: Subchronic oral toxicity of di-n-octyl
phthalate and di(2-Ethylhexyl) phthalate in the rat.
Food Chem Toxicol 1997; 35(2): 225-39.

Price C.J., Sleet R.B., George J.D., Marr M.C., Schwetz
B.A.: (1988) Developmental toxicity evaluation of
diethyl phthalate (CAS No. 84-66-2) administered to
CD rats on gestational days 6 through 15. Technical
Report of National Toxicology Program. Research
Triangle Park, NC, 1988.

Rozati R., Reddy P.P, Reddanna P, Multaba R.: Role
of environmental estrogens in the deterioration of male
factor fertility. Fertil Steril 2002;78:1187-94.
Sallenfait A.-M., Sabat J.-P.,, Gallissot F.: Comparative
embryotoxicities of butyl benzyl phthalate, mono-n-
butyl phthalate and mono-benzyl phthalate in mice and
rats: in vivo and in vitro observations. Reprod Toxicol
2003; 17: 575-583.

Schettler T.: Human exposure to phthalates via
consumer products. Int J Androl 2006; 29(1):134-139.
Sharpe R.M., Fisher J.S., Millar M.M., Jobling S.,
Sumpter J.P.: Gestational and lactational exposure of
rats to xenoestrogens results in reduced testicular size
and sperm production. Environ. Health Perspect 1995;
103: 1136-43.

Sharpe R.M.: Pathways of endocrine disruption during
male sexual differentiation and masculinization. Best
Pract Res Clin Endocrinol Metab 2006; 20(1): 91-110.
Sharpe R.M.: Hormones and testis development and
the possible adverse effects of environmental chemical.
Toxicol Lett 2001, 120(1-3), 221-32.

Shiota K., Nishimura H.: Teratogenicity of di(2-
ethylhexylOphthalate and di-n-butyl phthalate (DBP)
in mice. Environ Health Perspect 1982; 45: 65-70.
Shirota M., Saito Y., Imai K., Horiuchi S., Yoshimura
S., Sato M., Nagao T, Ono H., Katoh M.: Influence
of di(2-ethylhexyl) phthalate on fetal testicular
development by oral administration to pregnant rats. J
Toxicol Sci 2005; 30: 175-94.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Shultz V.D., Philips S., Sar M., Foster PM., Gaido
K.W.: Altered gene profiles and fetal rats testes after
in utero exposure to di{n-buthyl)phthalate. Toxicol Sci
2001; 64: 235-242.

Siddiqui A., Srivastava S.P.: Effect of di(2-ethylhexyl)
phthalate administration on rat sperm count and on
sperm metabolic enzymes. Bull Environ Contam
Toxicol 1992;48:115-19.

Sjoberg P, Lindquist N.G., Montin G., Ploen L.: Effects
of repeated intravenous infusions of the plasticizer
di-(2-ethylhexyl) phthalate in young male rats. Arch
Toxicol. 1985; 58: 78-83.

Stowikowska-Hilczer J.: Xenobiotics with estrogen or
antiandrogen action — disruptors of the male reproductive
system. Centr Europ J Med 2006; 3: 205-227.

Song X.F, Deng Y.J., Zhang D.Y, Liu X, Wu S.D.,
Wei G.H.: Effects of Di(2-ethylhexyl) phthalate on the
testis and testicular gubernaculums of fetal KM mice
(Abstr). Zhonghua Nan Ke Xue 2009; 15: 195-99.
Specht 1.0., Toft G., Hougaard K.S., Lindh C.H.,
Lenteks V., Jonsson B.A., Heederik D., Giwercman A.,
Bonde J.P.: Association between serum phthalates and
biomarkers of reproductive function in 589 adult men.
Environ Int 2014; 66: 146-56.

Suzuki J., Yoshinaga J., Mizumoto Y., Serizawa S.,
Shiraiski H.: Foetal exposure to phthalate esters and
anogenital distance in male newborns. Int J Androl
2012; 35(3): 236-44.

Swan S.H., Main KM., Liu F, Stewart S.L., Kruse
R.L., Calafat A,. Mao C.S., Redmon J.B., Ternand
C.L., Sullivan S., Teague J.L., and the Study for Future
Families Research Team: Decrease in anogenital
distance among male infants with prenatal phthalate
exposure. Environ Health Perspect 2005; 113: 1056-61.
Swan S.H., Elkin E.P, Fenster L.: The question of
declining sperm density revisited: An analysis of 101
studies published 1934-1996. Environ Health Perspect
2000;108(10):961-966.

Swan S.H.: Environmental phthalate exposure in
relation to reproductive outcomes and other health
endpoints in humans Environ. Res 2008; 108: 177-184.
Tanaka C., Siratori K., ITkegami K., Wakisaka Y.: A
teratological evaluation following dermal application
of diethyl phthalate to pregnant mice. Oyo Yakuri
1987;33:387-392.

Tanaka T.: Effects of bis(2-ethylhexyl) phthalate
(DEHP) on secondary sex ratio of mice in a cross-
mating study. Food Chem Toxicol 2003; 41:1429-32.
Tanaka T.: Reproductive and neurobehavioural
toxicity study of bis(2-ethylhexyl) phthalate (DEHP)
administered to mice in the diet. Food Chem Toxicol
2003; 40: 1499-1506.

Thurston S.W., Mendiola J., Bellamy A.R., Levine H.,
Wang C., Sparks A., Redmon J.B., Drobris E.Z., Swan
S.H.: Phthalate exposure and semen quality in fertile
US men. Andrology 2015; Epub Nov 24.

Toft G., Jonsson B.A.G., Lindh C.H., Jensen TK,.
Hjollund N.H., Vested A., Bonde J.P.: Association
between pregnancy loss and urinary phthalate levels
around the time of conception. Environ Health Perspect
2012; 120(3): 458-63.



No 3

Phthalates - widespread occurrence and the effect on male gametes.

221

160.

161.

162.

163.

164.

165.

166.

167.

168.

Bl RW., Myers C.B., Marr M.C., Fail PA., Seely J.C.,
Brine D.R., Barter RA., Butala JH. Reproductive
toxicity evaluation of dietary butyl benzyl phthalate (BBP)
in rats. Reprod Toxicol 2004; 18: 241-64.

Dyrkiel E.J., Dobrzynska M.M., Derezinska E., Ludwicki
JK.: Badanie wplywu ftalanu butylobenzylu (BBP)
na ilo$¢ 1 jakos¢ gamet meskich przy subchronicznym
narazeniu myszy laboratoryjnych. Rocz Panstw Zakl Hig
2007; 58 (4): 677-686.

Vo TTB., Jung E.-M., Dang V.H., Jung K., Baek J., Choi
K -C., Jeung E.B.: Differential effects of flutamide and di-
(2-ethylhexyl) phthalate on male reproductive organs in
rat model. J Reprod Develop 2009; 55: 400-11.
Wagner-Mahler K., Kurzenne J.-Y, Delattre I, Bérard
E., Mas J.-C., Bornebush L., Tommasi C., Boda-Buccino
M., Ducot B., Boullé C., Ferrari P, Azuar P, Bongain A.,
Fénichel P, Brucker-Davis F.: Prospective study on the
prevalence and associated risk factors of cryptorchidism in
6246 newborn boys from Nice area, France Int. J. Androl
2011;34: e499—510.

Wang Y.B., Song L., Zhou Z.P, Chen J.F, Wang XR.:
Effects of dibutyl phthalate on Sertoli cells of rat testis.
Zhonghua Yu Fang Yi Xue Za Zhi 2005; 39: 179-81.
Wang Y.-X., You L., Zeng Q., Sun Y., Huang Y.-H., Wang C.,
Wang P, Cao W.-C., Yang P, Li Y.-F, Lu W-Q.: Phthalate
exposure and human semen quality: Results from an
infertility clinic in China. Environ Res 2015; 142: 1-9.
Wang Y-X., Zeng Q., Sun Y, You L., Wang P, Li M., Yang
P, LiJ, Huang Z., Wang C., Li S., Dan Y, Li Y-F,, Lu W.-
Q.: Phthalate exposure in association with serum hormone
levels, sperm DNA damage and spermatozoa apoptosis: A
cross-sectional study in China. Environ Res 2015; Epub
Dec 3.

Waterman S.J., Ambroso J.L., Keller L.H., Trimmer G.W,
Nikiforov A.IL, Harris S.B.: Developmental toxicity of di-
isodecyl and di-isononyl phthalates in rats. Reprod Toxicol
1999; 13(2): 131-6.

Waterman S.J., Keller L.H., Trimmer G.W., Freeman
J.J., Nikoforov A.L, Harris S.B., Nicolich M.J., McKee
R.H.: Two-generation reproductive study in rats given
di-isononyl phthalate in the diet. Reprod. Toxicol 2000;
14(1): 21-36.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Wine R.N., Li L.H., Barries L.H., Gulati D.K., Chapin J.P.:
A variety of environmental peristant chemicals, including
some phthalate plasticizers are weakly estrogenic. Environ
Health Perspect 1997; 107: 102-107.

Wong J.S., Gill S.S.: Gene expression changes induced in
mouse liver by di(2- ethylhexyl)phthalate. Toxicol Appl
Pharmacol 2002; 185: 180-96.

Working, PK., Bus, J.S., Hamm, TE. Jr.: Reproductive
effects of inhaled methyl chloride in the male Fisher 344
rat. II. Spermatogonial toxicity and sperm quality. Toxicol
Appl Pharm 1985; 77: 144-57.

Xi W, Wan H.-T., Zhao Y.G., Womg M.H., Giesy J.P, Wong
C.K.C.: Effects of perinatal exposure to bisphenol A and
di(2-ethylhexyl)-phthalate on gonadal development of
male mice. Environ Sci Pollut Res 2012; 19: 2515-27.
Xiao-feng Z., Na-Qiang Q., Jing Z., Zi L., Yang Z.: Di
(n-butyl) phthalate inhibits testosterone synthesis through
a glucocorticoid-mediated pathways in rats. Int J Toxicol
2009; 28: 448-56.

You L., Wang Y.X, Zeng Q., Li M., Huang YH., Hu Y., Cao
W.C., Liu A.L, Lu W.Q.: Semen phthalate metabolites,
spermatozoa apoptosis, and DNA damage: a cross-
sectional study in China. Environ Sci Technol 2015;
49(6):3805-12.

Zhang X.-F, Zhang T, Wang L., Zhang H.-Y., Chen
Y-D., Qin X.-S., Feng YM., Feng Y, Shem W. Li
L.N..: Effect of dietylhexyl phthalate (DEHP) given
neonatally on spermatogenesis of mice. Mol Biol Rep
2013; 40: 6509-17.

Zhang Y.H, Zheng L.X.,, Chen B.H.: Phthalate exposure
and human semen quality in Shanghai: a cross-sectional
study Biomed Environ Sci 2006; 19(3): 205-209.

Zhang, Y, Jiang, X, Chen, B.: Reproductive and
developmental toxicity in F1 Sprague-Dawley male
rats exposed to di-n-butyl phthalate in utero and during
lactation and determination of its NOAEL. Reprod Toxicol
2004; 18: 669-76.

Zhou D., Wang H., Zhang J.: Di-n-butyl phthalate (DBP)
exposure induces oxidative stress in epididymis of adult
rats. Toxicol Ind Health 2011; 27(1):65-71.

Received: 06.05.2016
Accepted: 14.07.2016






