ELUCIDATION OF ENDOCRINE
DISRUPTING MECHANISM OF
DIOXIN AND RELATED
COMPOUNDS FOR HEALTH RISK

ASSESSMENT

Principal Investigator: Chiharu TOHYAMA, Ph.D

National Institute for
Environmental Studies

and CREST, JST

L 2

Core Research for Evolutionary Science and Technology Project

PYITNN

t"fg"‘

S

VR,

f.

-
%’?

S SCIENCE GAP MIND

Risk Assessment Risk Management

Dose¥Response Analysis of Other

Risk

Identification Judgement
ExposureAssessment l .
Legislation

&)

Are Dioxins are the Strongest Toxicants on the Earth?
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Does Exposure to Dioxins in the Environment
Cause Any Adverse Health Effects?

1. Cancer

2. Reproductive/Developmental Toxicity @ @
Congenital Anormalies,
Teratogenicity
ee Sex Ratio Deviated to Girls
ee Spermmatogenesis, Endometriosis

3. Neurobehavioral Toxicity
A Decrease in Learning/Cognitive Ability

4. Immunotoxicity } ‘

Reduced Registance to Viral Infection, Atopy
Disruption in the Thyroid hormone homeostasis
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Dioxin and Related Compouds
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The Current TDI Values on Dioxins in Various Countries: —

Based upon carcinogenicity and reproductive toxicity Canada

{Endometriosis)
TDI values : 10 pg -TEQ/kg/day (WHO; 1980) nottand [

The Re-evaluation of TDI Value of Dioxins by WHO (1998) Usa —

Based upon epidemiological and experimental findings —

on endocrine disrupting mechanisms, such as reproductive,

neurobehavioral and immunological toxicity 50 100 150

TDI values 1 - 4 pg TEQ/kg/day
65 Dioxins pg I-TEQ/ Day j (w/o co-PCB)

Daily Intake Level of Dioxins in Japan
Tolerable
Daily Intake
Level (TDI)
pg TEQ! kg /day) 4pg/kg iday

Air @00 @ 007 Air__ |

Soil @ 0.0084 Soil [~

Fish and Shellfish 141 B

MeavEgg 0.31 2.00 Daily

Milk/Dairy 017 |pg/kg/d | Food | {Intake

Colored Vesiables 0.03 Level

Rice 0.001

Others 0.08

66 Environment Agency, 1999

Message from Dioxin Issue

The Current Exposure Level of
Dioxins in the Environment
May Cause Not Only
the Present Human Populations
but also the Future Generations Possibly
by Endocrine Disrupting Mechanisms




Elucidation of Endocrine Distrupting Mechanism of Dioxin
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Mechanism and Effect of TCDD on Male Reproductive
System of Rat by Perinatal Exposure

Semina! vesicle

Ventral prostatp Deferent duct

Caput epididymis

’ PNp2 PND 49
L3 * e 25
S0 =

P_—

g, 15

g 2 10

8 5

Q !

2 g Wesllssl fadae PYILCIRS 5

pr

g ;5 PND 63 ;:

2 . g

g 15 ’-l-‘ FL 25

Ew» ’_ 20

ERE 15

g B

< Slel|af o|js|ls o [{12]fto][20][ 1eff 3]
0 "5 12550 200 800 0 12.5 50 200 800

Maternal TCDD dose (ng/kg)
ofS ONsake et al, Fericaiogioa! Scloncer, &8, 132143 (2091)

Reduction of Anogenital Distance in the Male Rat Offspring
by Perinatal TCDD Exposure

A Decrease in Prostate Weight in Rat Offspring
by Perinatal Exposure to TCDD
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Possible Mechanism in Alterations of Androgen-
Sensitive Organs in Male Rat Offspring Perinatally
Exposed to TCDD
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Elucidation of Endocrine Distrupting Mechanism of Dioxin

Preceding Studies on

Maternal Exposure to Dioxin Causes Behavioral Effects of Dioxin
Permanent or Semi-permanent
DySfUI‘ICtiOI’l Dioxins affect performance of learning behavior
in the Frontal Cortex of Offspring {Schantz et, &l. 1996, Schantz & Bowman 1989, Slo.'l al. 2000)-
at Behavioral and Molecular Levels Effects on the advanced brain function

{neocortical axis)

Dioxins inhibit masculine sexual behavior
(Mably et al. 1992; Bjerke ot al. 1994, Gray et al, 1995)

Effects of the sexual differentiation of the brain

(POA-hypothalamic axis)
Kakeyama M. et al., NeuroToxicology, 24: 207-217 (2003)
Brain Areas Controlling Masculine
S exual Beh av ior 2,3,7 8-tetrachlodibenzo-p-dioxin (TCDD)
. Masculine sexua!
Visual and auditory stimufi Olfactory stimuli A single oral behavior
dministration of TCDD i
¥ ¥ ? dame Activity-dependent
— 0 dal mRNAs expression
Neocortex & | Amygdala V
(frontal cortex) \ ¥ i i l Iln uterol Lactational l | . . ' Aduithood
l \ GDO __ GD15  PNDO PND 21 (wearning) PND 87-120
( Spinal Cord )
1
Expression of sexual behavior

Experimental Protocol Effects of Maternal Exposure to TCDD on
Man ifestation of Masculine Sexual Behavior
Long-Evans rats
TCDDgO"OE’kglk NorGest Gastet
nglkg o
l 800 ng/kg TCOD (ng/hg) o 200 200 o 200 800
woum Latency weet® (B o e - e e
Castration gt e e o el eems uen
= by e A T N SN - I N
Number of Mounts * 188 NS 40 21 &4 HO* 82 114 178 14 102 HO®
N O a® 121 ME MO M5 B2 BO® 141 NB 14D NE 72 Ne*
Spontaneous activity| Post Elaculatory 295 205 301 256 301 311
Interval {wec)® (1IN (206322)  (254330) (208314 (244320} (ZT1330)

In situ hybridization study
Volume of SON-POA

& Sexual behavior was asaesssd on PNDs 87 (IvaL 1es) and 97 (second tast), and the data abizined on PND 97
or8 shown (121 1n Nan-CAST males and =14 1n CAST+T males).

b Mount Litency, intromisaion Latency, Ejaculation Latwncy, Past Ejscuistory (Merval are reprosenied es median
(min-max) Statisical difference among eBch-axposed Grous was 1ol found by tha Mann-Whiiney Ui-tast (F > .05).
& Number of Mounis, Number of Inifanvssions ara represenied 8s meer

l d Significant {p<0.01) iffarance batween vehicla- and 800 ng TCDDVkg- expoasd groups

[TCDD concentrations in the brain, body weight gain, testis weight

Kakeyama M. et al. NeureToxicology, 24: 207-217 (2003 | J
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Perinatal Exposure to TCDD Did Not Affect
the Volume of SDN-POA in the Male Offspring
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Effect of TCDD on the activity-dependent mRNAs
expressions induced by the mating stimulus

Kskeyama M. et al., NewreToxicology, 24: 207-217 (2003)

Conclusion

The frontal cortex is sensitive to dioxin.

CONCLUSIONS

A perinatal exposure of pregnant rats to a
low dose TCDD affected developing offspring
with a wide variety of toxicities.

The effects of TCDD were found in
development of reproductive organs, such as
anogenital distance and prostate, male
sexual behavior, brain development,
immunologic functions and so on.

The body burden (internal dose) of TCDD
that may cause these effects is consistent
with the accumulated data used so far to
derive the current Tolerable Intake levels.




