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Developmental effects and neuroendcrine regulation as early markers of reproductive toxicity.
Kishi R. Honnma K, Sata T, Kobashi G., Katakurs Y., keda T., Miyake H
Key word : styrene, prenatal exposure, maternal toxicity, developmental effects, serctonin, dopamin

Abstract.

Matemal reproductive effects in Wistar rals exposed to 0, 50, 300ppm styrene for 6 ]:u‘day' dhring
gestational days 6 to 20 were evaluated. Their offspring were observed postnatally for neurochemical
changes, growth, and physical landmarks of development. Mothers exposed to styrene were compared with
pair-fed and ad-lib-fed controls inn order to adjust nutrient conditions. Prolongation of the gestational
period, food intake, and the number of neonatal deaths or stiillbirths in 300ppm-exposed dams showed
evidence of styrene-relaled effects. Other reproductive parameters, such as litter size, birth weight, and sex
ratio, were found 1o exhibit no effects within the variation fangc studied. A neurochemical effect was
observed in that the 5-HT and HVA concentrations in cerebrum were significantly decreused.Incisor
eruption  {mandible) , eye opening, and the air-righting reflex were delayed in rat pups born to dams
recciving 300ppm styrene exposure compared with the pair-fed and ad lib control groups. Pups born to
dams dclayed air-righting reflex compared with ad lib controls. These results suggest that the offspring

developmental landnrarks cven when nutritional effects were controlled.



TABLE 1. - Effects of prenatal styrene exposure on maternal food intake and body weight gain

control groups gtyrene exposure groups

Treatment control-1 control-2 8¢ ppm 300 ppm
tad lib.) (pair—fed) (pair—fed) {pair-fed}

Number of |itters (14.) (12) (9) (143
Food intake (a/day} _ _ _

8D B- 12 18.0 = 2.3 {pair-fod) (pair—fed) 150x 2477

GD 14- 20 2.4 £ 4.5 {pair—fed) (pair—fed) 169+ 1o™*
Total weight gain
dur ing exposure (g) 04.3 £ 15.7 9.3 = 13.7 8.9 = 24.3 Bg.3 £ 9.5

GD: Gestation day
Controf=1; ad lib.centrol, Control-2 and 50 ppm group were given sama quantity of foed consumpticn

valuea are axpressad as means () + S.D.

with 300 ppm styrena exposure proup [ pair—fed)
*x : Statistically significant in comparisons with ad lib. feeding centrels (P<0.01)

TABLE 2. Results of reproductive toxicity of prenatal styrene exposure on gestation day 6 1o 20 in
female rafs
sontral groups styrene exposure graups
contrel-1 control-2 50 ppm 300 ppm
Treatment ( ad tib.) ( pair~fed) ( pair-fed) ( pair—fed}
Humber of |itters {14} {12 {9) (14)
Length of gestation 21.6 = 4.5 220+ 07 220 £ 0.7 22.1 £ 0,6%
(day) '
% of Neonatal death 1.2 1.3 2.8 7.3
(rate) ( 2/173 ) ( 2/152 ) ( 3/107 ) (127164 )#**
No of live~born 12.4 £ 1.5 127 £ 1.8 11.9 = 3.1 1.7 £ 2.2
of fspring {/litter)
% of male pups 19.2 £ 0.1 43.0 £ 0.1 45.4 = 0.1 .6 =01
Values are expressed as mean £ 5.D. of fitters
Number in parenthesis is total number of neonatal death among all [itters of each group

Gontrol-~1: ad lib. control, Control-2 and 50 ppm group were given same quantity of food consumptlon

with 300 ppm styrene exposure group [ pair—Ted)

# :Statistically significant in comparisens with pair- feeding controls
by cums!ative chi-squars method

{ p<0.05)

% . Statistically significant in comparisons with ed Iib. Feeding controls { p<0.09)



TABLE 3. Effects of prenatal styrenc exposure on postnatal body weight and brain weight in newborn

oflspring
control groups styrene exposure groups

Treatment control-1 gontrol-2 50 pom 300 ppm

(ad. lib.) (pair—fed) {pair fed) (pair—fed)
Mumber of |itters {14 ) (12 {10} (14)
No of live born
offspring (/1 itter) 12.4 = 1.8 127+ 1.8 1.9 = 3.1 11.7 & 2.2
Body weight
at birth (g 5.2 £ 0.5 531 068 5.2 £ 0.4 b1 0.9
Body weight
at 21gtimale, g) 30.6 + 514 37.9 = 3.8 351 £ 2.6 34.90 = 3.4%*
Carebrum weight
of brain (mg) 1589.0 =11, 8 144, 3 +16.9 151.8 =14, 8 138.1 +13.1 *
Cerebel lum weight
of brain (mg) 08.9 X 6.6 64.5 £ 1.5 6.5 &£ 10,2 59.6 = 9.7

values are expressed as means=® 5.1

Contrel-1: ad. lib. contrel, Controt-2 and 50 ppm group were given same quantity of food comsuption
with 300 ppm styrene-exposure group { pair—fed )

#: Statistically significant in comparisons with pair fesding contraols (p<0.05)

* ! Statistically significant in comparisons with ad. | th feeding controls{ p<0. 05)

TABLE 4. Effects of prenatal styrene cxposurc on postnatal physiological development and reflexes in

oftspring.
contral groups styrens sxposure groups
Treatment gantraol-1 control-2 a0 ppm 300 ppm
{ad lib.) ( pair-fed) ( pair-fed) { pair-fad)
Number of {itters 14 12 g 14
Humber of offspring 112 ) (86 ) (72 {112 )
Body weight (21-day)
(k) g8 + 5.4 371+ 38 4.7 £ 2.5 34.9 £ 3.4
Incisor Eruption
Upper (day) 10.3 = 1.5 11.7 £ 2.3 12.3 *+ 2.0 127 £ 32"
Lower (day) 30 & 1.4 9.2 £ 1.8 10,2 + 2.2 11.3 = 2.4 #*
Eye opening (day) 14.7 + 1.3 14.5 £ 1.4 14.6 = 1.3 15.86 = 1.5 ¥
Air righting reflex 18.4 + 0.7 18.7 & 0.8 191 = 02"% 19.4 06 **
(day) '

Values are expressed as mean = SD of |itters
#: Statistically significent in comparisons with pair feeding controls [p<Q. 05)
% : Statistically significant in comparisons with ad |ib. feeding controls (p<0. 05)
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Fig.1 The neurochemical effects of prenatal styrene in newbarn offspring cerebrum
Cantrol-1: ad lib.control, Control-2 and 50 ppm grou;i were given same quantity of food consumption
with 300 ppm styrene-exposure group  pair-fed ). 7 Statistically significant in comparisons with pair
feeding controls {p<0.05}. * : Statistically significant in comparisons with ad lib.feeding controls{ p<0.05)

Abbreviations: 5-HT(S-hydroxyiryptamine), 5-HIAA(5-hydroxyindoleacetic acid), DA(Dopamine),
DOPAC(3,4-dihydroxyphenylacetic acid), HVA(Homovanillic acid), NA{Norepinephrine)
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