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Abstract

Breast milk is the ideal nutrient for the newborn, but unfortunately also a route of excretion for some toxic
substances. Decabrominated diphenyl ether (PBDE 209) which has recently been shown to increase in human
milk. However, the reproductive effects of PBDE 209 through breast-feeding are still unclear. The aim of this
study is to assess whether maternal exposure of PBDE 209 via breast milk affects sperm function in offspring
mice. Female mice were treated via oral gavage with 10, 100, 500, and 1500 mg/kg/day of PBDE 209 in
lactation. During the pup’s lactational period, developmental landmarks were recorded. On postnatal day 71, the
mice were evaluated for their sperm functions. The results showed that there were no significant differences in
the landmark of development between control and PBDE 209-treated groups. Further, there were no significant
differences observed in the sperm count, sperm chromatin structure assay, sperm mitochondrial membrane

potential, and generation of hydrogen peroxide (H,0,) and superoxide anion (027).

Introduction

The brominated flame retardants (BFRs) were widely used in the worldwide in the early 1970s'. Unfortunately,
BFRs may leach into the environment when the products are manufactured, used or disposed”. They have been
found not only in the environment®*>, but also in human blood’ and in breast milk®’. Some of the brominated
flame retardants (BFRs) might elicit thyroid hormones and affect reproductive in vivo'®''. Decabrominated
diphenyl ether (PBDE 209) account for approximately 28% of all the BFR usage globally'>. Many researches
showed that PBDE 209 had already become a new developing environmental pollutant that was recently detected
in human milk'*'"*. For this purpose, the objective of this study is to determine whether treatment of maternal

BFRs, PBDE 209, via breast milk have adverse effects the sperm functions in offspring mice.
Materials and Methods

Animals and treatment. The pregnant CD-1 mice were randomly divided into five groups of seven mice each and

housed individually. On delivery, the dams were gavaged with 10, 100, 500, and 1500 mg/kg/day of PBDE 209
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during lactation period. PBDE 209 was dissolved in corn oil. Control mice received vehicle only. During the
pup’s lactation period, developmental landmarks including pinnae detachment, body hair fuzz appearance,
incisor eruption, ear opening, and eyes opening day were recorded. At PND 71, the animals were anesthetized by
CO2 and the reproductive organ were removed and weighed. Relative organ weight was calculated by calculating
the ratio between organ weight and body weight. Epididymal sperm count, motility, sperm chromatin structure
analysis (SCSA), mitochondrial membrane potential (MMP), and reactive oxygen species (ROS) generation
were measured. SCSA, MMP, and ROS generation were analyzed by flow cytometry (FCM). Data analysis. Data
were expressed as means + standard deviation. All statistical analyses were performed on JMP 5.0. For the analysis of
male offspring, the litter was considered the experimental unit. A p value of < 0.05 was considered statistically

significant.

Results and Discussion

Development landmarks. We observed no significant developmental delays in any of development landmarks,
including days of pinnae detachment, body hair fuzz appearance, incisor eruption, ear opening, and eyes opening
day in control and PBDE 209-treated pups (Table 1). Body and organ weights. Through breast-feeding, the data
showed no significant differences in mean body weight between maternal exposure of PBDE 209 exposed and
control groups. There were no significant differences in absolute and relative weights of testis, epididymis, cauda
epididymis among the five groups exposed to PBDE 209 exposed and the controls (Table 2). Sperm function.
There were no significant differences in sperm count. However, the 10 mg/kg/day group was significant
differences reduced sperm motility compare with the control (Table 3). Cauda epididymal sperm was analyzed
by FCM SCSA to investigate whether there were any changes in sperm chromatin DNA integrity, MMP and
ROS generation. To evaluate sperm ROS generation, we measured H,O, and O2™". There were no significant
differences in oT (%), MMP and ROS generation than control groups (Fig. 1). The oT (%) is the % of sperm
with abnormal chromatin DNA structure assessed by flow cytometric analysis with the acridine orange dye. The
MMP values represent percentages of sperm population with high mitochondrial membrane potential as assessed
by flow cytometric analysis with the 5,5,6,6’-tetrachloro-1,1°,3,3-tetraethyl benzimidazolyl carbocyanine iodide (JC-1)
probe. The ROS values represent fluorescence intensity using a fluorescent probe, 2°,7’-dichlorofluorescin diacetate

(DCFH-DA) and hydroethidine, individually.
Published information on the physiology of PBDE 209 excretion into breast milk is generally limited to

pharmaceuticals, however, these results suggested that lactation exposure to PBDE via the breast milk does not

act as a developmental and reproductive toxicant in the mice.
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Table 1. Via the breast milk exposure of PBDE 209 with 10 mg/kg, 100 mg/kg, 500 mg/kg or 1500 mg/kg of

PBDE 209 and corn oil on developmental landmarks in offspring.

Treatment of PBDE 209 (mg/kg)

Parameters Control 10 100 500 1500
mn=7) =7 =7 =7 n=7)
Pinna detachment 4.9 55 5.0 4.8 4.7
Body hair fuzz
52 5.7 5.4 6 53

appearance
Incisor eruption 9.7 10.2 9.3 9.4 9.3
Eyes opening 16.5 16.5 16.2 17.2 16
Ear opening 15.6 16.7 15.8 15.6 15.6

Table 2. Body and tissue weight between mice via milk exposed to PBDE 209 (10, 100, 500, and 1500 mg/kg)

and unexposed controls

Treatment of PBDE 209 (mg/kg)

Parameters Control 10 100 500 1500
(n=7) (n=17) (n=17) (n=17) (n=17)

Absolute

body weight (g) 36.742.4 37.2+1.0 37.742.8 36.9+4.5 36.7+1.8

Testis (g) 021£0.02  0.22+0.01 0.23+0.04 0.220.03 0.23+0.03

Epididymis (g) 0.086£0.005 0.084+0.006  0.084+0.006  0.083 £0.006  0.084 %0.006

cauda Epididymis (g) ~ 0.030£0.002  0.029+0.005  0.030+0.003  0.02940.003  0.028+0.003
Relative

Testis (%) 0.57+0.07  0.58+0.02 0.60£0.10 0.60+0.07 0.63+0.10

Epididymis (%) 0.23+0.02  0.23+0.02 0.220.02 0.23+0.01 0.23+0.02

cauda Epididymis (%)  0.081+0.007 0.079+0.013  0.080+0.007 0.080+0.008 0.077+0.009

Data was expressed as means + S.D.
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Table 3. Sperm quality of mice via milk exposed to PBDE 209 (10, 100, 500, and 1500 mg/kg) and unexposed

controls
Treatment of PBDE 209 (mg/kg)
Parameters Control 10 100 500 1500
(n=7) (n=7) (n=7) (n=7) (n=7)
Sperm count (10%ml) 22.3+2.9 22.9+3.4 22.6+4.1 20.4+7.3 22.345.5

All data was expressed as means + S.D.
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Fig. 1. Lack of effect of via milk exposure to decabrominated diphenyl ether (PBDE 209) and controls on sperm
chromatin DNA integrity (A), mitochondrial membrane potential (MMP) (B), generation of reactive oxygen

species H,0, (C), and O27'(D). Data are presented as means + S.D.
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