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I Abstract

Di-(2-ethylhexyl)phthalate (DEHP) is widely present in the human environment.

The study aimed at the investigation of potential genotoxic effects induced by subchronic exposure to DEHP in germ cells
of male mice in the first period of puberty, and to check if the transmission of mutation to the next generation via the sperm
is possible. 8-weeks exposure to 2,000 mg/kg and 8,000 mg/kg of DEHP diminished sperm count and quality, leading to a
reduced percentage of pregnant females mated to exposed males. A slight increase in the frequency of prenatal deaths and
dominant lethal mutations, as well as a significantly increased percentage of abnormal skeletons among the F1 offspring
of males exposed to 8,000 mg/kg of DEHP, were observed. Exposure of the fathers did not cause a delay in the postnatal
development of the offspring, except for fur development in the group of 8,000 mg/kg of DEHP. Gametes of male offspring
of exposed fathers showed reduced motility. The results may suggest that diminished spermaozoa quality induced by DEHP
may be coincidental with mutations leading to intrauterine deaths and skeletal abnormalities in the offspring.
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INTRODUCTION

Humans are increasingly exposed to various xenobiotic
chemicals included in many products, such as pesticides and
plastics [1]. Phthalate esters (esters of 1,2 benzenedicarboxylic
acid) are a large group of chemical agents used as plasticizers
to increase the flexibility and workability of high molecular-
weight polymers. In some plastics, phthalates constitute up to
50% of the total weight. A quarter of the phthalates produced
in the world is di(2-ethylhexyl)phthalate (DEHP) [2].

DEHP is aliquid of low volatility, widely used as a plasticizer
in flexible polyvinyl chloride products (PVC). Plastics
may contain from 1-40 % DEHP by weight and are used
in consumer products such as artificial leather, waterproof
clothing, footwear, upholstery, floor tiles, various types of
furnishing, industrial tubing, wires and cables, tablecloths,
shower curtains, food packing materials, children’s toys, and a
variety medical devices. DEHP is also used as a hydraulic fluid
and dielectric fluids [3, 4]. Other uses are in rubbing alcohol,
liquid detergents, decorative inks, industrial lubricating
oils, and deforming agents during paper and paperboard
manufacture [5].
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DEHP is ubiquitous in the general environment as a result
of its widespread manufacture, use and disposal, as well as
their high concentration in plastics and ability to migrate from
them [6]. DEHP leaks out from the plastics into the air, water
and ground, and then enters foodstuffs [7, 8]. DEHP enters
the human body also from blood storage bags, catheters and
haemodialysis instruments, and DEHP residue concentration
has been found in the blood and tissues of patients after
numerous transfusions [9-12]. The important potential health
effects of DEHP come from children’s exposure to toys and
other sources, and in the case of pregnant females, from
dialysis treatment or blood transfusions [13].

Phthalic acid esters have been shown to reduce fertility
and induce testicular atrophy in laboratory animals [7]
due to its endocrine disrupting activity, which is capable
of perturbing the reproductive process by mimicking or
antagonizing steroid action [14]. It has been shown that
the ‘endocrine disrupting’ potential of DEHP is directly
associated with the synthesis of sex hormones. DEHP alters
the expression of genes associated with testis development
and steroid hormones synthesis [7, 15-16]. Both in vivo and
in vitro experiments have demonstrated that the Sertoli cells
are the primary site of phthalate-induced testicular toxicity.
Sertoli cells alternations lead to progressive degeneration of
spermatocytes and spermatids.

DEHP is a known reproductive and developmental toxicant
in animals [17-18]. Effects on young and adult rodents include
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reduction of testosterone and sperm production, reduction
in testis and epididymes weights, and pathological effects in
the testis [18-22]. As Sjoberg et al. [12] reported, immature
rats were much more sensitive to gonadal effects, induced
following oral administration of DEHP, than adults; in some
cases the occurrence of the testicular effects appeared earlier
in young animals. Dominant lethal effects were reported to
be induced in male mice [23].

The present study was designed to examine the potential
genotoxic effects induced in male mice in the first period of
puberty following subchronical exposure to DEHP, and to
investigate the possibility of the transmission of mutations
to following generations via the sperm.

MATERIALS AND METHODS

Animal husbandry. Outbreed Pzh: SFIS mice obtained
from the Laboratory of Animal Breeeding ‘Gérzkowska’
(Warsaw, Poland) were used in the study. Animals were
housed in standard rodent cages in a room designed for the
control of temperature and humidity, and the light cycle. Tap
water and rodent diet were available ad libidum.

The authors obtained permission from Ethical Commission
for Animal Experiments to conduct this study (Permission
No. 3/03, 4th Local Commission, Warsaw).

30-35 days old Pzh:SFIS outbreed male mice were exposed
by gavages to DEHP suspension in olive oil for 8 weeks,
3 days per week. The doses of DEHP were 2,000 mg/kg bw
(1/16 LD, ) and 8,000 mg/kg bw (1/4 LD, ) daily. The doses
were chosen on the basis of LD, values for DEHP listed
in IARC [24]. Control animals received olive oil only. The
volume of administered suspension was 0.1 ml per mouse.

Study of effects in exposed generation. For this study,
5 males per group were weighed and sacrificed in the
middle of exposure, at 24 h and at the 4th week after the last
treatment. Both testes and epididymides were removed from
each male and weighed.

One epididymis was macerated in 0.2 ml of 1% solution
of trisodium citrate for 5-8 min. and minced. The solution
was then made up to 2 ml and mixed for about 1 min. The
sperm suspension was diluted 1:1 in 10% buftered formalin.
The spermatozoa were counted using improved Neubauer
haemocytometer [25-28].

The contents of the second epididymis were placed into
0.2 ml of warm (37°C) physiological saline. An aliquot was
placed on a warm (37°C) microscope slide and covered with
a cover slip. 200 cells per animal were evaluated for motility
within 5 min. after the killing of the animal according to
Working et al. [27].

The remaining sperm was distributed evenly in the
saline. The study of frequency of morphologically abnormal
spermatozoa was performed according to the procedure
described by Wyrobek and Bruce [28]. Smears were prepared
on microscope slides, air-dried overnight, and stained with
eosin Y. 500 spermatozoa per mouse were analysed using a
light microscope, and abnormal sperm heads (e.g. lacking
hook, amorphous, banana-shaped head) were recorded.

For Comet assay, one testis from each animal was
decapsulated, placed in the RMPI 1640 medium and minced
with scissors. Before using the cells, tubes were swirled so that
single cells remained in the suspension. Basic technique of

Singh et al. [29], further described by Anderson et al. [30] was
used. 5 pl of cell suspension was mixed in an eppendorf tube
with 75 pllow melting point agarose (LMPA) for embedding
on slides covered previously with normal melting point
agarose (NMPA). The slides were immersed in lysing solution
overnight at 4°C. They were then drained, placed in a gel
electrophoresis tank, and left in the solution for 20 min. The
electrophoresis was conducted at 4°C for 20 min. using 24V
and 300 mA. After neutralisation, the slides were stained
with EtBr and examined using a fluorescence microscope.
Images of 100 randomly selected cells from each animal were
recorded and analyzed using CASP image-analysis software
[31]. The DNA tail moment was chosen as the parameter for
further analysis.

Effects in offspring of exposed males. Immediately after
the end of 8-weeks exposure, 20 males from control as well
as each of experimental group were caged for 1 week with
2 unexposed, virgin females. They were checked daily for
the presence of vaginal plug, which determined day 0 of
pregnancy. Three-quarters (30) of the mated females from
each group were humanely killed 1 day before parturition.
The other quarter (10) of the females from each group were
allowed to deliver and rear their litters.

Study of dominant lethal and congenital malformation.
The standard protocol for dominant lethal assay [32] with
modifications proposed by Anderson et al. [33] was used.

Each male that mated with atleast one female was defined as
fertile. Each female with at least one live or dead implantation
was defined as pregnant.

Females were examined for the number of implantations,
the number of live foetuses, and the number of early and late
post-implantation deaths. Post-implantation deaths were
classified as early, if the embryo had died and had been
resorbed, or late, if the dead embryo was at a stage beyond
the onset of organogenesis.

The dominant lethal mutations (DLM) were calculated
according to the formula:

_living embryos/ pregnant treated female

%DLM = (1 x 100

living embryos/ pregnant control female

Live embryos were weighed and analysed for presence
and type of gross malformations (e.g. exencephaly). Runts
were defined as live foetuses having a body weight of less
than 75 % of the mean of their litter mates [34]. After Alcian
blue and Alizarin red staining, malformed foetuses and a
randomly selected half of the number of normal foetuses
from the exposed and control groups were processed for
skeletal malformations.

Effect on postnatal development of F1 generation. Pups
of females having parturition (5-7 litters from each group)
were counted and weighed at birth, and then weighed weekly
up to 8 weeks of age. They were observed for developmental
markers and growth parameters.

Mortality was recorded from birth to the age of 8 weeks
and percent of mortality was calculated as follows:

_ Total number of deaths

%Mortality = —— x 100
Number of live births

Mean body weight (g) of the individual litters and of
each group was calculated weekly. Pups weighing less than
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2 standard deviations from the mean body weight of the
control group were considered growth-retarded [35]. The
percent of growth-retarded pups were calculated as follows:

Number of growth retarded pups 100

%Growth - retarded pups =
Total numer of live pups

Animals of the F1 generation were observed for
developmental markers such as fur development, pinna
detachment, eye opening, vaginal opening and testes descent.
The appearance of pinna detachment unfolding was recorded
as the age (in days) when pinnae of both ears unfolded to a
fully erect position. Eye opening is defined as any visible
break in the membrane covering the eye. Vaginal opening
was defined as any visible break in the membrane when the
vaginal lips were gently pulled laterally. Testes descent was
recorded when the testes descended to lie in the scrotal sac
[35].

Five males from each group of the F1 generation were
sacrificed at 8-9 weeks of age to check the weight of
reproductive organs as well as the sperm count and quality.
All parameters were estimated according to the methods
described above for males of the FO generation.

Statistical analysis. Statistical analysis was performed
using ANOVA, Scheffe, Fisher and Chi-square tests. The
results which showed statistical significance tested by
ANOVA, were then tested by using Scheffe test.

RESULTS

The results of mean body, testes and epididymides weights,
as well as the sperm quantity and quality of FO male mice in
the middle, following 8 weeks exposure and 4 weeks later,
are shown in Table 1. The body weight of males exposed to
2,000 mg/kg DEHP was significantly reduced at 4 weeks after
the end of exposure. There were no significant differences
between testes as well as epididymides weight of exposed
and unexposed males, except for males just after the end

of 8-weeks exposure to 8,000 mg/kg DEHP, when the
epididymides weight was significantly decreased. There
were no significant effects on the sperm count. Percentage
of motile spermatozoa were significantly decreased at
24 h and 4 weeks after the termination of exposure to
8,000 mg/kg bw of DEHP. Eight-weeks exposure to DEHP
significantly (approximately twice) increased the percentage
of abnormal spermatozoa. Such results were not observed
in the middle of exposure and 4 weeks following the end
of exposure. Treatments with DEHP did not cause any
statistically significant increase in DNA damage to germ
cells; however, a slight enhancement in the tail moments
after 8 weeks exposure were observed.

The results of male fertility and effects on the intrauterine
survival of exposed males are shown in Table 2. There were
no statistically significant effects of DEHP on male fertility
nor on the frequency of pregnant females; however, the
percentage of fertile males and pregnant females were reduced
in the exposed groups. The mean number of implantations
and the mean number of live foetuses were not significantly
decreased in the groups exposed to DEHP. The mean number
of dead foetuses in the group of 8,000 mg/kg bw of DEHP
was approximately 2-fold higher than in the control group,
although this was not statistically significant. The majority
of dead foetuses constituted early deaths. The percentage
of dominant lethal mutations induced by 2,000 m/kg and
8,000 mg/kg DEHP were calculated as 6 and 13, respectively.

The results of body weight, frequency and type of skeletal
malformations in the F1 generation are shown in Table 3.
There were no significant differences in body weight and
incidence of gross malformations between unexposed and
exposed male groups. The frequency of skeletal malformations
was significantly increased (approx. 5-fold) in the group of
8,000 mg/kg bw DEHP.

The results regarding mean body weight and potential
growth retardation of exposed and unexposed offspring
of the males are shown in Table 4. The body weights of the
offspring of unexposed and exposed to DEHP males were
similar at birth and during the 8-weeks development.

Table 1. Mean reproductive organs weights and sperm quantity and quality after 8 weeks exposure of male mice to DEHP.

Dose Time Mean body Mean testes Mean Sperm count  Percent of motile Percent of Comet tail
weight (g) +SD weight (mg) epididymides x10%/ml +SD spermatozoa abnormal moment
+SD weight (mg) £SD +SD spermatozoa =SD
Control 4 weeks 34.63%£0.74 214.6+20.5 42.8+6.7 2.75+0.60 79.6%£3.29 3.76x0.93 1.33+1.03
2,000 mg/kg DEHP 4 weeks 32.85+2.10 201.4+22.9 44.4+6.1 2.03+0.59 82.2+4.71 3.92+1.35 1.80+1.10
8,000 mg/kg DEHP 4 weeks 34.22+2.25 198.8+£19.2 45.6+6.0 2.08+0.33 81.0£12.92 4.44+0.99 1.51£0.82
Control 8 weeks 35.60+1.51 223.2+25.5 52.0+6.3 2.29+1.23 82.4+12.28 4.56+1.23 0.98+0.31
2,000 mg/kg DEHP 8 weeks 36.25+4.75 216+32.95 45.6+6.2 0.90+0.49 81.6x10.64 8.76+1.05° 1.90+£2.41
8,000 mg/kg DEHP 8 weeks 33.53+2.31 196+19.10 41.6+1.3° 1.29+0.77 65.0+15.48° 9.44+2.89° 1.57+1.30
Control 8 + 4 weeks 39.62+2.19 234.2+149 53.2+7.3 2.91+0.53 73.0+15.28 5.64+1.33 3.96+3.35
2,000 mg/kg DEHP 8 + 4 weeks 35.82+1.77 208.0+41.0 54.2+6.9 2.79+0.67 71.6£11.93 5.92+1.95 4.40+3.33
8,000 mg/kg DEHP 8 + 4 weeks 38.67+1.38 213.4+42.3 55.4+4.3 2.67£0.51 63.8+14.32° 6.80£1.03 3.81x2.27
2p<0.05 compared to corresponding control by ANOVA and Scheffe tests.
b p<0.05 compared to corresponding control by Chi square test.
Table 2. Effects of DEHP on the reproductive outcome in mice after 8-weeks exposure of males.
Dose % of fertile % of pregnant ~ No. of implantations/  No. of live foetuses per ~ No. of dead foetuses/ % ofearly % oflate % DLM
males females pregnant female+ SD pregnant female+ SD pregnant female’s deaths deaths
Control 94 72.0 10.25+2.44 9.65+2.33 0.59+1.06 5.45 0.61 -
2,000 mg/kg DEHP 80 52.5 9.31+4.13 9.08 +4.05 0.23+0.44 0.83 1.65 6
8,000 mg/kg DEHP 80 55.0 9.43+3.74 8.36 £3.97 1.07 + 1.64 10.61 0.76 13
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Table 3. Effects of sub-chronic paternal DEHP exposure on induction of gross and skeletal malformations of survival foetuses of mice.

Dose Mean body weight ~ % ab-  Type of gross % of Type of skeletal malformations
of living foetuses (g) normal malformations abnormal
fetuses skeletons
Control 1.24 130  convexeyes-2 2.59 missing rib - 1; retardation of development of dorsal arch of C1 vertebra (atlas) - 2.
2000 mg/kg DEHP 121 0 B 5.88 extra rl!o— 2; retardation ofdevelo?ment ofd(?rsal arch of C1 vertebra (atlas) - 2:
concavity of skull bones (supraoccipitale and interparietal) - 1.
8000 mg/kg DEHP 117 0.97 abdorjmnal 1393 &xtra rib - 5; rudimentary r.lb—2: retardation ofdeveltfp-ment oféorsalar;h of C1
hernia -1 vertebra (atlas) - 1: concavity of skull bones (supraoccipitale and interparietal) - 3.

€p<0.01 compared do corresponding control by Fisher test.

Table 4. The changes in postnatal body weight (g) and percentage of
growth-retarded pups of males exposed to DEHP.

Time after  bw/ % Paternal dose
birth 9 Control 2,000 mg/kg DEHP 8,000 mg/kg DEHP
at birth bw 1.79+0.34 1.66 +0.16 1.68 +0.26
% g-r 0 0 0
bw 4,07 +0.59 431+0.63 4,69 +0.93
1 week N
% g-r 0 1.64 0
2 weeks bw 5.66 +0.89 5.82+1.16 6.08 +1.31
% g-r 0 0 0
3 weeks bw 6.41 +0.87 6.72+1.88 6.82+1.63
% g-r 0 1.64 0
sweeks bw 8.75+2.14 9.49 +4.27 1043 +4.73
% g-r 6.52 0 0
5 weeks bw 14.16 + 3.57 14.83+6.13 16.12 + 6.64
% g-r 2.56 3.77 10.71
6 weeks bw 19.49 +3.91 19.7 +5.96 21.41+58
% g-r 2.56 9.43 8.00
7 weeks bw 22.46 +3.57 23.58 +4.76 2412 +5.01
% g-r 5.13 5.66 4.00
bw 249 +3.69 26.71+4.28 25.86 + 4.66
8weeks  of gy 2.56 1.89 4.00

% g-r — percent of growth-retarded pups.

The results of mean litter size, postnatal mortality, and
appearance of developmental markers in pups of exposed
to DEHP males are shown in Table 5. Mean litter size of the
offspring of males exposed to DEHP was not significantly
reduced in a dose-related manner. Mean female:male sex
ratios in exposed and unexposed groups were similar. There
were no significant differences in the mortality between
groups, nor in the appearance of developmental markers
in pups of exposed and control males, with the exception
of fur development. In the group 8,000 mg/kg bw of DEHP
the fur development was significantly delayed. Testes descent
in the offspring of males exposed to DEHP appeared not
significantly earlier than in the control group.

Table 6 shows the results of mean body, testes and
epididymides weights, as well as of sperm quantity and
quality of the offspring of DEHP exposed and control males.
There were no significant differences in the body, testes
and epididymides weights in male of the F1 generation.
Similarly, there were no significant changes in the sperm
count of the offspring of exposed to DEHP and control males.
The motilities of spermatozoa were significantly reduced in
the males paternally exposed to DEHP. The frequency of
abnormal spermatozoa and the level of DNA damages in
male germ cells were similar in the control and experimental
groups.

DISCUSSION

Phthalates operate by decreasing androgen levels. There
are some periods in life in which androgen levels are critical
for normal development: during foetal gonad differentiation,
neonatal testis development, and final maturation and
differentiation of the testis in puberty [36].

The epidemiological study by Swan et al. [37] showed an
increase in male reproductive disorder among male infants
following prenatal phthalate exposure; this suggests that
phthalate exposure might carry reproductive health risks
for humans and animals.

According to EU criteria, DEHP is classified as a
reproductive toxicant, labelled as: Repro cat 2: R61 - May
cause harm to the unborn child, and R60 - May impair
fertility [38].

A number of papers describe the effects on offspring of
maternal exposure to DEHP during pregnancy and lactation
[39-41], the majority of which concern exposure of rats. There
is relatively little published about developmental toxicity
following paternal exposure to this phthalate, especially

Table 5. Postnatal mortality and appearance of developmental markers in pups of males exposed to DEHP.

Paternal dose Mean litter  Percentof  Mean female/ Time of appearance - days (mean + SD)

size mortality  male sexratio Pinna detachment  Fur development Eye opening Vagina opening Testes descent
Control 9.67+1.97  4.10+4.96 56:44 4.50+ 0.61 4.75+0.52 15.22+ 1.68 22.58+23 29.4+3.49
2,000 mg/kg DEHP  8.71+2.43 1.98+3.37 48:52 4.81+0.37 5.07+£0.79 15.87 £1.56 23.36+2.3 28.36 £1.46
8,000 mg/kg DEHP  7.20+2.59  3.82+4.18 61:39 4.60+1.14 5.90+0.22° 14.90 + 1.95 21.56£1.2 279+ 1.02

2 p<0.05 compared to corresponding control by ANOVA and Scheffe tests.

Table 6. Mean testes and epidydymides weight in offspring of males exposed to DEHP Sperm count and quality in males of F1 generation.

Dose Mean body weight Mean testes Mean epididymides  Sperm count  Percent of motile  Percent of abnormal ~ Comet score of
(9) £SD weight (mg) £SD weight (g) £SD x10%ml£SD  spermatozoa+SD spermatozoa +SD DNA damage
Control 27.28+4.05 183.8+27.4 35.2+5.3 1.78+0.70 80.6+11.78 6.24+1.27 0.86+0.19
2,000 mg/kg DEHP 29.50+4.09 196.4+21.6 38.8+7.5 1.68+0.33 70.4+5.94° 6.68+1.37 1.32+0.77
8,000 mg/kg DEHP 28.94+4.34 195.4+23.3 37.6£5.7 1.76+0.57 73.4+18.94° 6.44+1.18 1.32+0.48

b p<0.05 compared to corresponding control by Chi square test.
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before conception. The production of morphologically
and genetically healthy sperm is very important for the
reproduction and development of offspring since sperm
delivers the paternal genome to the oocyte.

In the present study, male mice in the first period of puberty
were exposed to DEHP throughout whole spermatogenesis
cycle, and were then mated with unexposed females. The
effects induced in the FO and F1 generations were investigated.

The main source of human exposure is through food
contamination. The average daily exposure from food in the
United States has been estimated to be about 0.3 mg/day per
individual with a maximum exposure of 2 mg/day [42]. The
other frequent route of human exposure is wide use of DEHP
in the medical devices. DEHP was detected in whole blood
at levels ranging from 16.8-46.1 mg/l, and in packed cells at
levels ranging from 32.6-55.5 mg/l in PVC blood bags [42].
The doses used in animal studies are usually much higher
compared to human exposure, and varied depending on the
way of administration and type of exposure. The doses used
in this study were similar to those described by other authors
[24]. For example, Yagi et al. [43] exposed pregnant females
to several doses between 1/30-1/1. Shiota and Mima [44] used
doses of 500-8,000 mg/kg DEHP by i.p. injection and 250-
2000 mg/kg by gavage. Dostal et al. [45] evaluated the effect
of DEHP in male rats using oral doses of 10-2,000 mg/kg.

The reduction in sperm count, however not statistically
significant, is in line with the results of earlier papers [46-
48]. We also observed diminished sperm motility after
sub-chronic exposure to 8,000 mg/kg bw of DEHP daily,
and an increased percentage of malformed spermatozoa at
24 h following 8-weeks exposure to both doses of DEHP.
Similarly, a reduction in epidydymal sperm density, as well as
increased frequency of abnormal spermatozoa, were observed
previously in rats [49] and in adult mature male mice [50].
The diminished sperm motility associated with increase
in the level of malformed spermatozoa observed here, may
lead to reduced fertility because it is known that malformed
spermatozoa are usually less motile and have less ability to
fertilize eggs [51]. The decreased percentage of fertile males
and pregnant females, as well as reduction in the mean of
total and live foetuses — however not statistically significant
- most probably resulted from diminished sperm count and
quality observed in this experiment.

More than 45 % of non-pregnant females may reflect an
excess of unfertilized eggs or pre-implantation losses as a
result of fertilization of oocytes by spermatozoa carrying
irregular genetic material. Such defects in male germ cells
might be induced during any stages of spermatogenesis. In
this study, a marked, but not statistically significant decrease
in the percentage of pregnant females was noted, in contrast
to an earlier study on the adult males exposed to the same
doses of DEHP [50].

The frequency of early deaths increased 2-fold with
14 % of DLM induced in the group of male exposed to
8,000 mg/kg bw DEHP. This finding may reflect tendencies
towards a genetic effect. The foetuses losses observed in the
dominant lethal test are usually caused by numerical and
structural chromosome damage or lethal gene mutations
delivered from the fertilizing spermatozoa [52]. Such
mutations lead to death shortly after implantation [53], as
occurred in this study. The frequency of abnormal skeleton
increased in a dose-related manner, leading to a statistically
significant result in the group of males exposed to higher

dose of DEHP. The highly increased percentage of gross
and skeletal malformations were observed previously after
maternal exposure to 1,000 mg/kg bw of DEHP daily [21,
39]. In an earlier study on the 8-weeks paternal exposure to
DEHP of mature male mice, a reduction in the mean number
of total and live implantations was noted after exposure to
8,000 mg/kg bw DEHP, but there were no effects on the
induction of intrauterine deaths or on the frequency of gross
and skeletal malformations in the surviving foetuses [50]. The
enhanced frequency of abnormal skeletons observed in the
offspring of males exposed to 8,000 mg/kg bw of DEHP might
be the effects of changes induced in the genetic material of the
male gametes before fertilization. Five days exposure of male
rats to 10-2,000 mg/kg bw DEHP did not affect the number
of total and live foetuses [54]. Intrauterine foetal deaths and
increased level of gross and skeletal malformations were
sometimes observed after exposure of pregnant females to
DEHP [21, 39-40].

In this study, we observed a slight, not statistically
significant reduction in the litter size of exposed males, and
there were no changes in the percentage of mortality of the
offspring of exposed and control males. In earlier studies,
a differences in litter size after exposure of both sexes of
mice to DEHP [55] and after exposure of female rats during
pregnancy [22] were observed. The average litter size was
reduced in rats paternally exposed to 20,000 ppm DEHP
administered for 60 days [49]. In previous studies, no effects
were noted on the number of pups born alive, and in their
postnatal mortality in the offspring of exposed adult male
mice [50], as well as in the infants of male and female rats
exposed to DEHP [56].

Pups of control and exposed foetuses developed similarly,
while those coming from males exposed to DEHP grew
faster. The reason of this finding may be the bigger size of the
litter of control males, but rather not reflecting the benefit
of DEHP exposure.

The only difference in developmental markers was delayed
appearance of fur development in the offspring of males
exposed to higher dose of DEHP. This finding is unusual
and difficult to interpret. Testes descent was slightly, but
not statistically significantly accelerated, contrary to earlier
results [50, 57]. The study by Noriega et al. [58] showed
that pubertal administration of DEHP delayed the onset of
puberty, and reduced androgen-dependent tissue weights in
both Long-Evans and Sprague-Dawley male rats.

In this study, the male offspring of exposed males showed
significantly decreased sperm motility. Previously, anogenital
distance, sperm counts, and reproductive organ weights were
reduced in F1 male offspring of female rats exposed from
gestational day 8 to day 17 of lactation with 300 mg/kg/day
DEHP [21]. DEHP reduced testis weight in the offspring
of female KM mice exposed from 12-19 days of gestation
with 500 mg/kg bw per day [59]. In utero and lactational
exposure reduces sperm concentration and quality in the
male offspring of rats [60-62].

The results of this paper show that exposure of male
mice to DEHP in the first period of puberty causes similar
effects in the FO generation, but has rather less effect in
the offspring than exposure of mature adult male rats. The
only considerable effect seems to be enhanced frequency of
skeletal anomalies in the offspring of younger males, which
might to be the effect of defects in spermatozoa of their
fathers. Nevertheless, the exposure of young adult male
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to DEHP may have harmful effects on their reproductive
health, as well as on the development and health of their
future offspring. Mutations induced by DEHP in male
gametes might be transmitted to the next generations via
the sperm. It is necessary to pay attention to the higher
frequency of non-pregnant females mated to males exposed
to DEHP, which may result from diminished sperm count
and quality. In human populations, such an effect of DEHP
on male gametes may be manifested as infertility of the
couples, which nowadays is the growing problem in highly
industrialized communities. As numerous authors have
reported, the fertilization potential of males in Europe is
highly diminished in recent years [63-65].

Contrary to our study, the results of earlier studies on rats
have suggested that immature males were more sensitive for
induction of testicular damages than older individuals [66-
67]. The reason for the different response between younger
and older animals, as well as between species, may also be
caused by different metabolism of the phthalates.

CONCLUSIONS

The results of this paper support the idea that endocrine
disruptors present in the human environment, such as DEHP,
may contribute to reduced sperm quantity and quality, leading
to diminished birth-rate in numerous populations. Particular
attention should be paid by people medically exposed to
high doses of DEHP, for instance, during haemodialysis or
blood transfusions.
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