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% Plastic Products
% Cosmetics
% Building Materials
% Cables and Wires

@ Phthalates (PAEs) are frequently used as plasticizers to plastics, to cosmetics
as a vehicle for fragrance, and to other products.

Food Contact Materials

Automotive Applications

Medical Devices & Drugs (i.e. capsule)
Toys

Food contaminations

Ref.: Api, 2001; ATSDR, 1995, 2001, 2002; Kavlock et al.,2002, 200

Use of phthalates

Class of phthalates

Use

Di-ethyl-phthalate
(DEP)

Personal care products, cosmetics

Butyl benzyl phthalate
(BBP)

Vinyl tiles, food conveyor belts, artificial leather

Di-n-butyl phthalate|PVC plastics, latex adhesives, cosmetics, personal care
(DnBP) products, cellulose plastics, solvent for dyes

Di-isobutyl  phthalate|nail polish, cosmetics, some printing inks, pharmaceutical
(DIBP) coatings, insecticides

Di(2- Building products (wallpaper, wire and cable insulation), car|

l)phthalate
(DEHP)

products (vinyl upholstery, car seats), clothing (footwear,
raincoats), food packaging, children's products (soft toys,
rubber duckies), medical devices

Di-n-hexyl-phthalate
(DnHP)

Tool handles, dish-washer baskets, flooring, vinyl gloves, fleal
collars, conveyor belts used in food processing

Di-n-octyl-phthalate

Garden hoses, pool liners, flooring tiles, tarps

(DNOP)
=i nyl phthalate
(DINP)

Garden hoses, pool liners, flooring tiles, toys

Bi-ised€cyl phthalate

(DIDP)

PVC plastics, PVC wires and cables, artificial leather, toys,

pool liner
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Phthalates

i Physicochemical properties of some commercial phthalates.

Compounds

Dimethyl

Abbreviations

Chemical
formula

Molecular
weight

Melting point
(O
Boiling point (C)

Vapor pressure
(25°C, mmHg)

Solubility
(mg L1, 25°C)

Log Kow
Log Koc

phthalate
DMP

C10H1004

194.19

3.5
282

1 (100°C)

4000

1.6
1.9-2.6

Diethyl Di-n-butyl Butyl benzyl  Di(2-ethylhexyl) Di-n-octyl
phthalate phthalate phthalate phthalate phthalate
DEP DnBP BBzP DEHP DOP
C121_11404 C161_122()4 C19H2004 C241—138()4 C241-138()4
222.23 278.35 312.35 390.62 390.54
—40.5 -35 -35 —47 —46

295~302 340 370 386 390
1.65x1073 2.7x10% 6x10°7 1x1077 1x1077
1000 13 0.7 0.3 3
25 4.5 4.9 Uts, 8.1
1.8-2.7 3.14.2 3.24.2 4.9-6.0 6.3
Ref.: Sabljic et al., 1995; Staples et al., 1997; Api 2001; ATSDR, 2001, 2002; Kavlock et al., 2002.

Phase I : Hydrolysis by lipases and esterases in intestine and parenchyma.
Monoesters PH become more bioactive. Short-branched PH are mainly excreted
in urine as its monoester PH, while long-branched PH undergo several
biotransformations, including furter hydroxylation and oxidation.

Phase II: Conjugation by uridine 5’-diphosphoglucouronyltransferase.

(Frederiksen et al 2007)

Diester phthula‘lﬂ

/ rmylatmn
Phsse | 0. F’hase 1]
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- 2-ethyl hexanol
T Phthalic acid

2-ethyl hexanol

/ 50H-MEHP —»  5ox0-MEHP
DEHP 4L> MEHP é 2cx-MMHP —

\ \‘\\‘. 5cx-MEPP <:

Phthalic acid

2-ethyl hexanol Basic structure of a phihalate compound Basic structure of a monopfithalate compound
DnBP# MnBP 4 0 0

I |
R H
AN o 0/0
~____—" Benzylalcohol t

\/\y/o\n O\R
BBzP MBzP Phthalic acid c! OI

Butyl alcohol

RR"=any alkyl group R =anyalkyl group

DMP —— > MMP

DEP > “MEP.

2 a [ BRI TFIE
DEHP ZAMHFE [LaFFF&H - o 0 %" L F&raE s 21K e
Di-(2- 9% & | 4245 IDEHP %3 =12, £ E (104 )4 & * SHE
ethﬁlhexyl) 22§38 | #p b 0 ¥ bR 7| gl kg bw/day :DEHP - €
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mEECORY |NgAE | w23 RN T 4
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FURALE A (1. X7 PR % %% DE EEERN
i-n-butyl AL DBPE R g+ - 4 B GWEA ﬂpfs &34 = g/kg
phthalate 2. RWE/mEFAE P < (ARC) DBP > 3 90%:+ 4 7 ®
ARFPLZ T fig A H DBPET?&F ° TETH Do
2. P R%FR > 4&GDBPE i@
B REE RS TR B
g :E;ig 4r o
3. AT ¥ &4 DBP
HIW2aE DT DHE o
4, whEz §M41i¥X28DBP >
MRS v%ci{jrfﬁi B fS
MIREER "’«B%”{J}? ik
Lkfcdyl ¥ [i;P—
DINP R La+ ] 8& &% 787 | 1. DINP4t#  eng 1+ 3 40t DEHP
Diisononyl a RE T IFLDINP"‘ 3 4o 0w g e
phthalatess ¥ e = |2& A # % T%m); 4 & feigit § |22 DEHPAp > DINPA - 72 ¢ 2
£ Ih Frgd agdpdyd Pt dr et BAFT o
S e D .57y #BDINPERE B Z 1 -
2R E /A ¢ v (IARC) A
#-DINPF 47
DIDP THAR L=l &5 R RE (1. #HEFraidPIPERE pa
Diisodecyl WE e R o TAARAEEFIE A BT -
phthalate b AR 2R B HEAm g ¢ w(IARC)A (2. HEH e F 2 PphG ik
MEE- B EE (B %DIDP&TF é‘ﬁ gl o
3. ‘afﬁ:ﬁ%‘?f%%%ﬁ‘m ) DIDPg it B 4
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ER 4 R P ?‘?’%; e
T S R A T
A B o
4 BARIARTIPEY -
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:Ié—DNOPEﬁ“?zi’\E ° P-DNOP » $43+F5{cH ¢ B} &
2 %"H— B
DIBP Bk A (LPpERG RAOPEERE (LG o B HE o
Di-isobutyl B~ K e ‘z/ﬁ’p]% o AP AITREFTAFIEL
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MIFE-E " f |ZADRE #-DIBPiF 7 Omg/kg bw/d# & ¢ & = = &
e *if 4 B3 el e
ZREE T EPIL G o
DMP % A L=l &5 8@ EE (L1345 p » o 1 B Jé 5 ok
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#-DMPj7 47 - e
3.7 B 3]{&_ DM P(2000mg/ kg bw/d)
%%7% ]gy PR E’i"_‘ % _B_/—g-\:’ = x
M EFRFTEARE -
4. ~ B $.6~15% 40mg/kg bw/d =]
EToOHFT APPSO LR
DEP 7% A 1. B i Y ganE |1 P % kot > DEP¥#&
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RO A S RS LV M A (SRR 1 AR

B

*p g

(ug/kg b.w./day)

DBP

10

DEHP

o0

DINP

150

DIDP

150

BBP

500

P metabolites

’__,-{V__ca:.
R=

\‘L{j‘\‘cacu

R— C——C—ICH,l;—CH
5 8 ] 3

2+{2-hyerovysthyRe phthalate (711

l

SOOH
Hy

R—C——C——ICH,lT—CH,

" " 2cx-MEHP

2-carbouymemyihery phiraime ()

|

SOOH

R—C—C—[CTHylg—CH
A, A 24 ]
J-carnarynery| phinalate (0]

r
o=,

&H,
P

EPa—— 2 —IEH),—H,
: coo—c—H—joy,—on,
A

DEHP

CH,

CH,

oH,

HyC—ICH l5—C —CHoH |
" e,

ZeatmyFaxanc L T

00— —f (), ——CH,
@ P’
weme O
l MEHP l
BHy =N
CHOH Hy

R—C—C—iCH H,
£ A H—CH,

21-hydroxyethyliheyy | phiralate XV

l

CH,

(=]

R—C—C—iCH—CH,
5 H

Zi1-oxyethyljhexyl phthalate (KXY}

CHy

CH,

R—C—C—c—CO0OH

Hy

2-efhyl-3-carboxyprooy! phthalate (1)

R—C—C—(CH 3 CH,OH
% R

2-efhy-E-hydroxyhexyl phthalate (X)

H—C.—C.—IC.HII,—G-DDH

" 5cx-MEPP

2-athyl-S-carbcouypenty| phihalabe (V)

CHy

| ) CO0H
L

Z-zthyl hexarol

/ .

Fhthalic acid

15OH-MEHP
Hy
CH,

—iix

R—C—C—{CH_ 1—C—CH

4, = T 3
OH

Z-einyi-S-nydrooyheny | phitalate (30

l

€
T I
W

Tei——i3

R—C—C—(CH,j3 oH,

" " 5oxo-MEHP

2-mthy-5-cuyhexy! phinalats (V1)

R—C—C——[CH, i C00H
=, % R

2-efhyd-cartcuyoutyl phihalate (I}

Z-ethyld-hydronyhiewyl chthalate (41000

l

C.H,

H,

R—Co—i £—cH
H, R H, o °
o

Z-athy-24-oxyhexyl phihalate (00

|\




(1) Dibutyl phthalate (DBP)
(2) Butanol
(3) Mono-butyl phthalate (MBP)

—DBP metabolites

(DnBP or DIBP)
CH 2) (2)
CH3
mCHzDH CH«OH
COOCHZCHZCHF.CH3 COOH J : :CDOH
COOCH;CH;CE;CH; : : . COOH
MnBP] Migp COOCHCHyCHCH;
4
MEP(3
(1) / (\
COOH COOH
COOCH,CH,CH(OH)CH; COOCH,CH,CH,CH,0H
(3) (6)

(4) Phthalic acid
(5) Mono-2-hydroxy butyl phthalate
(6) Mono-1-hydroxy butyl phthalate

BBP metabolites

(1) Butyl benzyl phthalate
(2) Monobutyl phthalate

(3) Monobenzyl phthalate
(4) Butyl alcohol

(5) Carboxypropyl phthalate

CH,-CHCECO0H

CO0-CH-CH.CH.OH,
S

a

|
: :cou CH-CHCHCH,

cooH
2

]
anBP l
: -~ CH,-0H
qtﬂﬂ[— ) (7

|

L

i ~CONHCHCOOH
&)

CO0-CH-CHCH,CH, COCH

. ]

CHCHCH-CHOH
COO-CH —@

)
}

: :CCDH

CoO0H

MBz: [3:.:

CO0-CHCE.CE,CO0H

COoH
(10)
COoH

(6) Benzyl alcohol
(7) Phthalic acid
(8) Benzoic acid l

@
|

(9) Hippurc acid

(10) Butylic acid Glucuronide conjugates




di-isononyl I
phthalate (DINP) O\/\/I\/\

|
seaan

(8] (8] 0
OH .
Dm/ mono-isonony| nm
OH
OH HO

phthalate (MiNFP)
o OH-MINP

mono-hydroxyisononyl
phthalate (MHINP)

0

0,\|/\'|/\f0
OH
Ox0-MiNP
0

moneoxoisonony |
phthalate (MOINF)

0 cx-MiOP
monocarboxyisooctyl
phthalate (MCIiOP)

30%

50H-MEHP ——»
6-12% of all
metabolites

DEHP ——— MEHP — > 2cXx-MEHP

30%
5cx-MEPP

DiBP ——— MiBP

Metabolites pathways considered & Recovery rates

20%
50x0-MEHP | DEHP. Human.
Single oral dose of
deuterium-labelled
DEHP. (Koch et al
2004)

DnBP. Rat. Single oral
administratio of 4C-DBP at 0.27

BBP. Rat. Gavage for 3
88%

or 2.31g/kg. Urine collected 48h
after gavage. (IPCS 1997)

DnBP——— " MnBP consecutive days at
29-34% 150,475,780,1500 mg/kg/day.
e 12%  \1B2P Urine collectgd 24h after
Recovered metabolites: 43-58% of the dose | gavage. (Nativelle et al 1999)
20.2% of the dose
DINP ——» ———» OH-MINP ——»

Recovered metabolites: 43% of the dose \ 10.7%
cx-MiNP

1069655 DiNP. Human.
oxo-MiNP | single oral dose of
deuterium-labelled
DIiNP. (Koch and
Angerer, 2007)

16




- = , S
emajor alterations in Sertoli —-

and Leydig cells | GurH
edisruption of testicular function © =
Pituitary | <——

—

edecreasing androgen synthesis LH | FsH

Levdig Sertoli
cells i cells

sincrease SHBG production

*negative feedback
mechanism of testoSterone putnatate -

S EXPOSUTE, ITestosterone] * Inhibin B —
eluteinizing hormone (LH) > ..1;. LI
secretion increase b @ . °."

Fiy
Testosterone @
bound to SHBG

(Lottrup et al Int J Androl; 2006) 17

17

—Estrogenic effec

estrogen endocrine disrupting chemicals
= E= {bisphenol A, nonylphenol,
5 i phthalate, DDT, etc)
*,
\ o
- : 7

The binding of endocrine dizrupting
chemicals to ER results in eztrogenic
effects.

nucleus '
'-ftran51::ri;:lti1:|n]"‘}1“‘fi.lrI A

protein synthesis

I\ cell =

S0k

http://www.nies.go.jp/edc/english/Ehorumon_mechanism
.htm
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tdeémiological Evidence

® Phthalate (MBP)-human semen parameters
e Sperm motility , Sperm concentration

® Urinary MBP levels of 38.7 ng/mL in pregnant
women giving birth to boys with shorter AGI
than expected .

AGD
i

(Duty et al EPI; 2003)

(1) The hypothalamus secretes
hormones that...

Hypothalamus

-
N
,

® ..stimulate
the anterior
pituitary gland
to secrete
hormones
that...

—piuitary . 1 NE perfound influence
. gland L

Thyroid Adrenal Gonad

gland cortex (Testis)
. é 4 .
1 4 | o 3
| g
\ J' |
\ § _i" 5
\ ¥ &£
H"‘., _.—:'.; -._;_ P L =
it L] 5 L2 m
[ ] A 4 n b
L ] » L ]
[ ] S 'y »
. “|» »|"
o’ al, Llhe
Y

@) ...stimulate other endocrine glands
to secrete hormones




Recruitment procedure

Delivery in a reginal hospital 2001

Informed consent & Interview

Urinary & blood collection

Placenta & cord blood collections

Newborn parameters

Breast milk collection

Growth & Development Follow at 2-3 years

Growth & Devep Follow at 5-6 years

Follow at 8-9 years

e —

Phthalate cause decreased testosterone (TT) levels

e Decreasing secretion

* Increasing metabolism
Phthalates associate with:

e Decreased anogenital index in newborns

e Decreased TT in the male workers

e Decreased sperm conc. & motility
Maternal TT levels & a positive, linear relationship to
masculine behavior (p <o.001 in the daughters (Hines et al, 2002)
Maternal phthalates exposure and reduced masculine play in
boys (Swan et al, 2009)
Would postnatal exposure to phthalates associate with:

¢ Sex hormone alteration?

e Gender role behavior change?

e How if compared to the prenatal exposure?

22
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e

a collection & analyses

e Children (n=136) with both maternal phthalate
and (n=394) follow-up (166) data available

* Cord serum & urinary 13 phthalate monoester
metabolites analyzed by LC-LC/MS-MS-system

* Serum E, & TT, etc by RIA

* Pre-school activities inventory (PSAI)
e Favored toys and activities (Golombok& Rust, 1993)

» Creatinine adjusted and un-adjusted
* Pearson & Spearman correlation
* Multiple linear regression

23

2-year follow-up







Subject

\ Excluded
Maternal urine Maternal urin / subjects (n=285)
(n=394) (TW) (n=10£)) (Germae@

. Cord blood PAEs
Newborn birth

| Milk PAES | > Phthalate ester
1 exposure
28 YRS Ol BEE | 2-3yr urine PAE |
follow up l

5-6 yr urine PAE |
| Seyrue -

5-6 years of age e
follow up Follow up 5-6 years of a
PSAIl score (n=166)
/ .

Maternal Maternal
urine and urine and
| (N=63) PSAl (n=136)

v v
Covariates: Birth weight, Maternal age, Maternal job stress, Maternal anxiety,
Education of the major caregiver, Older sister(s) or brother(s) in the home, Cord blood
testosterone , Estrogen
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Phthalate monoester metabolites ana yed

50H-MEHP —  50x0-MEHP

DEHP ——» MEHP — > 2cx-MEHP

5cx-MEPP

DiBP ——» MiBP

DnBP——  » MnBP

BBP ——» MBzP

DINP ——» —— & OH-MINP —— »  0x0-MiNP
cx-MiNP

MMP MMP

MEP e - MEP




Variables Boys N (%) Girls N (%) P value
Age (yr) 5.3310.44 5.3110.32 0.76
Birth weight (Kg) 3.2240.37 2.9910.50 <0.05
PSAIl score (MeantSD) 64.49%7.75 29.75%7.21 <0.01
Maternal age 28.6713.67 29.51+4.67 0.39
Maternal job stress 58.63111.65 63.04112.53 <0.05
Maternal anxiety 27.4715.36 27.1445.13 0.65
Education of the major caregiver 0.57
< High school 6 (7.4) 11 (12.9)
Junior college 22 (27.2) 24(28.2)
> University 53(65.4) 50(58.8)
Older sister(s) or brother(s) in the home 0.14

No 45 (56.3) 43 (51.2)

<7 years 32 (40.0) 31(36.9)

>7 years 3(3.8) 10(11.9)
Sum of DEHP (mediantSD)

Maternal urine 102.5%103.5 87.94%+17.38 0.07
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“metabolites in different specimens and ages from
mothers, and their breast milk and children

L JOT™ P

350

300

250

200

150

100

50

= MiBP
m 2cx-MMHP

B 50x0-MEHP
®m 50H-MEHP
B 5cx-MEPP
= MnBP

.

2-3years  5-6years

Maternal
urine

Milk Cord blood

/1N

\a\a“:'

PR _HREAE AR FRNESEREARER
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=
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(Lin et al. Chemosphere 2010)
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“.’
Estimated Daily Intake ( 1z g/kg bw/day) TDI
pregnant women children 2-3y  children 5-6y ((EFS;T()
U 8/KE
Phthalates min  OCM max min GM max min GM max bw)
DEHP )] 23 g 7281 9p 5 109 19 50
DiBP @2 0260 1= g 198 4 o 091 9 .
DnBP 001 002 pog 4 381 7 3 529 5
BBP 0.01 002 0.08 0.09 017 03 0.1 0.17 0.2 500
DiNP 004 005 0.2 06 192 2 1 095 3 150
total 2 - 9 10 S 30 10 182'2 20
Note: Ranges were calculated based on the 95% confidence interval of each metabolite level and
excretion fractions (Wittassek et al 2007).
Estimated daily intake = estimated parent compound concentration x daily urine excretion + average
body weight (bw) : : : : Lin S et al., Chemosphere 2011
Parental compound = metabolite concentration x excretion fraction
TDI: Tolerable daily intake according to European Food Safety Authority (The EFSA Journal 2005).
GM: Geometric mean

% P ‘
~Lor n the total level of the
11 metabolites (Pearson r: 0.92) in 5-6 yr old children

&
S 30
Qo
S 25
£ .
5 20
= 15 .
S 10 y =9.0953 - 2.7052
<
2
> 5 Y R’ =0.8388
—_ L 4
Ic
k0 1 2 3 4

Log 5cx-MEPP




alate metabolite ;
m
— e ———
~ Urine 50H-MEHP  50x0-MEHP MEHP MnBP MEP
Median 47 16.15 16.12 59.22 16.25 52.70 57.33
o 7.05 10.76 1.00 72.04 17.61 53.91 64.21
(5.83-8.52)  (9.08-12.74)  (0.98-1.03)  (65.49-79.25)  (16.31-19.01)  (48.76-59.60)  (58.73-70.20)
Minimum 0.08 0.10 1.79 7.11 4.16 117 9.73
Maximum 49133 1011.56 706.03 1200.00 133.40 839.25 706.00
f;’f&h”dre” 50H-MEHP  50x0-MEHP MEHP MnBP MBzP MMP MEP
Median 82.0475 48.9437 11.1634 106.1748 13.7016 16.7160 17.2582
i 85.77 47.11 10.78 121.10 15.69 17.30( 19.63
(73.48-100.12) (40.92-54.23)  (8.97-12.96)  (105.1-1395)  (13.74-17.92)  14.64-20.44)  (16.65-23.15)
Minimum 9.94 1.64 037 19.97 <LOD 0.20 0.98
Maximum 2364.75 837.38 314.81 16929 204.26 3381.92 609.13
E‘ " Ezv— /\7
g o ?.l.
oba 10000 20000 20000 0000 VUISU U.IUU Ugﬂ 1.00 "ISU 2.'00 2'50 35
MEHP (uglgsreatinine) logMEHP (ugig creatinine)

U - 3 CACEE- [ UCOROIIV I
L e s
—our study with those in various countries(ug/L)
Phthalate Italy Taiwan Taiwan U.S u.sS Taiwan  Denmark Finland
(1999-2000) (pregna
ncy cohort)
Cord Cordblood Maternal NHANES California, human human human
blood (N=30) Urine Females Minneapolis breast milk milk milk
(N=18) (N=100) (N=1326) et al.(N=85) (N=30) (n=65) (n=65)
Age(years) 25-34 =6years =18 years
meaniSD  6.8110.3  4.315.68 22.4137.08
Median 3.02 10.46 3.3(1.3-9.0) 6.69 9.5 13
(95%CI) (2.29-3.86) (5.96-19.48) TV (1.51-19.86)  (1.5-191)  (4.0-1410)
GM 327 10.82 3.21 2.49
(95%CI) : (8.50-13.78) (2.93-3.51) (1.25-4.98)
LOD(u g/L) 0.25 0.25 1.2
(Latini et al, Biol Neonate 2003; Silva et al, EHP 2003; Swan et al, EHP 2005)
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“Comparison of urinary phthalate metabolites with other studies
Euhgt?f)'ate 50H-MEHP 5ox0-MEHP MEHP MnBP MBzP
Ourstudy Kochet Ourstudy  Koch et Our Kochet Ourstudy Koch et Our Koch et
(Taiwan)  al.(2004) (Taiwan) al.(2004) study al.(2004)  (Taiwan) al.(2005) study al.(2005)
(Germany) (Germany) (Taiwan) (Germany) (Taiwan)
N n=59 n=36 n=59 n=36 n=59 n=36 n=59 n=36 n=59 n=36
Median 30.98 49.6 23.41 33.8 8.40 6.6 70.22 139 3.66 221
95t 171.28 107 117.76 71.0 51.75 14.6 375.51 17.10
4.13- 3.79- 1.78- 12.35- <0.25-
Range 94387 2.7-129 623.01 2.2-90.6 73.86 1.5-18.3 16,455 6.2-3,058 4285 1.8-164
SD 125.48 321 83.64 19.8 14.76 4.1 2,131 497 6.60 38
th. H P : R
95th: percentile; SD: standard deviation Koch et al.(2004, 2005) (Germany)
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R e e e L S Sy S —
spearman Corr. of PHs with TT & E,

5Cx- MEHP | YDEH | MnBP | MBzP | XDiNP
0yr: MEPP & 1/2LOD
TT -.20 -.12 -37# 03 -.23 -49 *
E, -.35# -.29 -.42* -.08 -.32 -.15
M: TT -.25 -.12 -.23 -17 -.40 -.61*
M: E, -.38 -.19 -.50# -.15 -.50 -.19
2-3 yr:
M: TT -.19 -11 -.18 b .01 -.13
M: E, .06 -.03 .02 .06 2 F 17
F:TT .16 -.15 .20 .03 37 23
il -49 # -41 -.52# -.5b# -.02 -.20

*:p<0.05,#:p~0.1




an Corr. of PHs with TT & E,

\ ﬂ

:p<0.001, **:p<0.01, *:p<0.05, #:p=0.1

pearm

2Cx- MEHP X DEHP | MnBP MBzP > DiNP
beyr o M 1/2LOD
Al: TT -0.23# -0:12 ~0:18: 0 =0:29% | 031X -0.07
All: E, 0.06 -0.01 0.02 -0.05 | -0.07 0.00
F: T -0.30# -0.21 | -0.30# | -0.36* | -0.44* | -0.26
EE -0.01 -0.14 -0.10 | -0.15 | 0.09 -0.01
Maternal U-Ph & cord TT/E,:
M: TT 0.16 0.13 0.18 0.11 0.05 031
M: E, G 0.03 0.08 0021 -0:33 0.08
FTT -0.15 027 | 0388 618 | 02 0.05
EE -0.57* | -0.64**| -0.78***| -0.19 | 0.08 -0.13

EERRiN: 7 = |

Free testosterone (ng/ dL)

—
o
=

1.70

1.50

y=-0.2665x + 2.7237
R?=0.1435

1.00

1.40

1.80 2.00
X MEHP

2.20

2.40 2.60

2.80

Lin LC et al., Chemosphere 2011




AD/LEI adJusted for age

12

10

1 Leiomyoma [ LEI)
B Adenomyosis (ADY)

Odds ratio
(=

o L

GSTM1 +
ZMEHP L

Median MEHP (38.9 mg/g c).
Significant trend was found for AD LEI

Huang PC et al.,

IJ

H

Human Repro 2010

Gender role behavior confounder & effect modlﬁer
PSAI Score Boys Girls
r P value r P value

Birth weight (Kg) -0.21 0.12 018 0.8
Maternal age 0.02 0.84 0.26 <0.05
Education of the major caregiver 0.10 0.38 0.8 <0.10
Older sister(s) or brother(s) 0.14 0.5 -0.06 0.79
Maternal job control -0.02 0.86 -0.11 0.34
Maternal less anxiety -0.24 <0.05 -0.033 0.83
Maternal Testosterone 0.25 <0.10 -0.05 0.74
Cord blood TT 0.06 0.12 0.14 0.10
Cord blood E2 0.08 0.64 -0.09 0.10
2-3year TT 0.18 0.49 0.36 0.28
2-3 year E2 0.48 <0.10 -0.52 <0.10
5-6 year TT 0.12 0.31 -0.01 0.80
5-6 year E2 0.02 0.87 -0.11 0.33




Regression coefficient(B)

14
12 +

10 +

Phthalate metabolites (unadjusted urine creatinine)

*

Gender

weonume  ®Gender related behavio

M 5oxo0-MEHP

B MEHP
| MnBP
= MBzP
= MMP
= MEP

W 3IDEHP

r
score and phthalates exposure
prenatally in children at 5
years (n=90)

@ Gender related behavior
score and phthalates exposure
postnatally in children at 5

years (n=58)

Stepwise multiple linear regression analysis
was performed to included simultaneously
maternal age, maternal job stress, maternal less

anxiety, older sister(s) at home and older
brother(s) at home in the model.

Regression coefficient (B)

e
W
:

b 4 o b s e oW owm w @
L Sy

Phthalate metabolites
*

Gender

*

M 50-MEPP
N 20-MMHP
= MEHP

= MnBP

= MiBP

= MBzP

W ZDEHP

2IDINP
pvalue <0.05

#pvalue <0.10
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Cross section evidence (Cont.)
Phthalates Exposure and
Attention-Deficit/Hyperactivity Disorder in
School-Age Children

Bung-Nyun Kim, Soo-Churl Cho, Yeni Kim, Min-Sup Shin, Hee-Jeong Yoo, Jae-Won Kim,
Young Hee Yang, Hyo-Won Kim, Soo-Young Bhang, and Yun-Chul Hong

Background: Very few studies have examined the association between attention-deficit/hyperactivity disorder (ADHD) and phthalate
exposure in humans. The aim of this study was to investigate the impact of phthalates on symptoms of ADHD in school-age children.

Methods: A cross-sectional examination of urine phthalate concentrations was performed, and scores on measures of ADHD symptoms
and neuropsychological dysfunction with regard to attention and impulsivity were obtained from 261 Korean children, age 8-11 years.

(Kim et al,, 2009)
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Table 3. Association Between Urine Phthalate Metabolites Concentration and the Score of CPT

Model 1 Model 2
ADS B (SE) p B (SE) p

Omission Error

MEHP 8.948 (8.840) 383 8.959 (4.967) 165

MEOP 9.005 (4.392) 041 9.110 (10.606) 391

VAR R — CTICACRED) =75 0.062 (4.803) 16

MBP 15.73 (7.23) 030 15.842 (7.343) 032
Commission Error

MEHP 3.487 (5.717) 592 2.883 (5.848) 661

MEOP 3.561 (5.677) 580 2.919 (5.882) 657

MEHP+MEOP 3.560 (5.782) 588 2.934 (5.945) 660

MBP 19.737 (8.347) 018 18.313 (8.426) 030
Reaction Time

MEHP 881 (2.923) 780 1.215 (2.873) 698

MEOP 802 (3.085) 811 0994 (3.117) J71

MEHP+MEOQOP 932 (2.885) 766 1.116 (2.997) 732

MBP —3.578(5.315) 543 —2.915(5.217) 610
Reaction Time-SD

MEHP 7.971 (28.255) J78 7.846 (6.294) 213

MEQP 7.793 (6.276) 215 7.371 (6.302) 243

MEHP+MEOP 7.952 (6.307) .208 7.838 (6.368) 219

MBP 18.403 (14.731) .294 18.122 (14.606) .298

Model 1: adjustment of children’s |Q, age, gender, and parental education level. Model 2: adjustment of children’s
1Q, age, gender, and parental education level and SES.
ADS, Attention Problem Diagnostic System; CPT, Continuous Performance Test; other abbreviations as in Taba%z.

(Kim et al., 2009

cl)

~ Behavior and Executive Functioning (Cont.)

OResults: In multivariate adjusted models, increased loge
concentrations of low molecular weight (LMW) phthalate
metabolites (MBP, MEP, MiBP, MMP)

OBASC domain (Behavior Assessment System for children)
1.aggression [ 8 =1.24)
2.conduct problems (5 = 2.40) (FF”}[ i~ Fﬁjﬁg)
3.attention problems (5 = 1.29)
4.depression (5 = 1.18)
5.externalizing problems (5 = 1.75) (Y} [’“‘FHJE'E)
6.behavioral symptom index (5 = 1.55)
OBRIEF scale/ index Behavior Rating Inventory of Executive
Function (¥~ H: AT pfjﬂ‘b 79)
1.the global executive composite index (5 = 1.23)
2.emotional control scale (5 = 1.33).

(Engel et al., 2010)
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* Infants’ behavior influenced parent-child interactions

(Bell & Sameroff)

» Both nature (inborn individual differences) and

nurture (parenting)
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Girls (n=89) Boys (n=84)
Mean+SD Mean+SD P value
Vil sl 3.5240.74 3.81+0.79 <0.05
REE 4.55+0.75 4.59+0.80 0.73
A% 14 4.30+0.89 4.51+0.79 <0.10
PR 5.10+0.71 5.20+0.66 0.34
R A 3.8240.70 3.66+0.76 0.16
M A 4.91+0.49 4.91+0.62 1.00
TER 4.07+0.49 4.06+0.49 0.89
AR A AAR 4.72+0.65 4.66+0.62 0.53
FRR 3.0240.62 3.23+0.75 <0.05
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= 444 v N® & = - 4 Jek < i;ﬁlij‘[ =

?F, El e WEEE T MRERET OHWET PR BT ~ ]
log50H-MEHP  -0.055 -0.089 0.008 -0.040 -0.300* -0.100 -0.126 0.122 0.023
log50x0MEHP -0.240# -0.120 -0.091 -0.042 -0.302* -0.212 -0.071 0.057 0.067
logMEHP 0.045 0.024 -0.106 -0.122 -0.004 -0.186 -0.063 -0.023 0.047
log ¥ MEHP -0.094 -0.107 -0.087 -0.043 -0.117 -0.258* 0.047 -0.032 0.033
logMnBP 0.071 0.067 0.089 0.019 -0.129 -0.048 -0.162 0.084 0.051
logMBzP 0.009 -0.168 0.032 -0.121 0.027 -0.140 0.063 -0.157 0.101
logMMP 0.095 -0.065 -0.141 -0.152 -0.353%* 0.082 -0.055 0.137 0.095
logMEP -0.071 0.114 -0.093 -0.027 0.026 -0.004 0.141 -0.067 0.091
logHMW -0.072 -0.138 -0.069 -0.084 -0.080 -0.287* 0.073 -0.080 0.063
logLMW 0.096 0.097 -0.055 -0.025 -0.150 0.038 -0.029 0.099 0.133
#p<0.10, *p<0.05, **P<0.01
The regression coefficient: /3 for per phthalate metabolites log,,-unit increase in boys
Stepwise multiple linear regression analysis was performed to included simultaneously the number of children are being
raised, maternal job stress, maternal less anxiety, maternal education and family income in the model.
P values of different groups less than 0.3 were then select to be included in the final multivariable model. =

) “Temperament Assessment-Battery for Children's 1 phthalate
posure prenatally in children at 5 years for girls by multlvarlate linear regressmn (B).
sk e R ek :
TEUEl HHEE dEEt Rt MERR et B e ™ ]
log50H-MEHP  -0.041  0.000 0.221# 0.079 0.003 -0.136 0.094 0.131 0.082
log5oxoMEHP  -0.086  0.034  0.323** 0.256 0127 0.066 0.137 0.203 0.189
logMEHP 0.137  -0.041 0.182 0.160 0.045 -0.233*  -0.017 0.197# 0.180
log > MEHP 0.013 0.078 0:253% 0.062 -0.019 -0.060 0.170 0.140 0.167
logMnBP -0.163 0.067 0.094 0.052 0.011 -0.311* 0.073 -0.025 0.073
logMBzP 0.112 0.221 0.256* -0.015 0.074 0.110 0.126 0.097 0.101
logMMP -0.008 -0.130 0.343** 0.065 -0.130 -0.061 0.048 0.047 0.189
logMEP -0.088 0.219# 0.110 -0.100 -0.092 -0.068 0.060 -0.033 -0.003
logHMW 0.043 0.120 0.269* 0.043 0.008 0.174 0.159 0.139 0.153
logLMW -0.111 0.139 0.183 0.025 -0.090 -0.193 0.032 0.062 0.161
#p<0.10, *p<0.05, **P<0.01
The regression coefficient: S for per phthalate metabolites log, ;-unit increase in boys
Stepwise multiple linear regression analysis was performed to included simultaneously the number of children are
being raised, maternal job stress, maternal less anxiety, maternal education and family income in the model.
P values of different groups less than 0.3 were then select to be included in the final multivariable model. 52




Summarize

-
A e

— = =

Phthalates l\l:[/[l\gg’ MnBP MBzP metabolites HMW LMW
(MEHP)
4+ aromatic MBzP+ |MnBP+MMP
Carbon atoms 1 4 ring £ > MEHP +MEP
;_.v: gﬁ E
Cross-sectional g & FEE Y HELR 24N R S ;%ﬁiz
study (boy) THARY | FREAN | nidons | TLTAE o
. AR R
Cr()tssdsect}C)lnal EE RN SLEBR BEBA —
study (girl) ER A T\
EERy |,
Pmmm? F AN F st BN R RN
exposure (boy) M A HN
, AR |2 A .
Prenatally RERA o - LA
sk K AT\ MR K A BTN
exposure (girl) AR 2R kol s h o ji{&!
I ’;.

1

2 él Jﬁ_l

3. MR (4) boy,
4. %@Elﬂf’l‘(s) girl,
5

6
o

HE AN (4)

=p <0.10, 2p<0.05, ?p<0.01

1= #7157 fN4) DEHP metabolites
7@? i 4 ¥ \V (4) DEHP metabolites, prenatally exp

A strong association between DEHP metabolites, MMP, MEP and temperament behavior.
(4) cross-section,

53

* Animal study

(Masuo etal., 2004)

50 -

n <] F
(=} o (=]

SMA (Counts/12 h, x103)

-
o
T

0

‘Cross section evidence

[ Dark phase

[ Light phase

ki

il

Control
(7)

Blsphenol A Nonylphenol

DBP

DEHP
(5)

* DEHP or DBP were injected intracisternally into 5-
dayold male pups

* DEHP, DBP might cause hyperactivity and impulsivity
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Table 2. Crude and adjusted odds ratios (ORSs) for bronchial
obstruction during the first 2 years of life according to interior surface

materials in the home (conditional logistic regression of 251 pairs):

PW.V.V- S WaVaY

JJ

40%
th

Crude OR
(95% CI)

Adjusted OR?
(95% CI)

Flooringimaterial

PVC in 1 or more rooms

Carpet in 1 or more rooms
Wall coating material

PVC-coated wallpaper in 1 or more
rooms

1.73 (1.19, 2.50)
0.76 (0.54, 1.07)

0.92 (0.63, 1.36)
153 (1.02, 2.27)

Textile wallpaper in 1 or more
rooms

1.89 (1.14, 3.14)
0.74 (0.48, 1.13)

0.72 (0.42, 1.22)
1.58 (0.98, 2.54)

(Jaakkola et al, AJPH; 1999)
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Dust: A Nested Case—Control Study

Table 3. Crude and adjusted ORs (95% Cls) between phthalates (EB2P and DEHP} in surface dust and case

status or doctor-diagnosed disease.

alates in House

Quartle
Group? 1{ref; n=288) 2 (n=188) 3n=88) 4{n=188) ,t}‘.falueb
BB:iP
Ranges (mg BBzP/q dust) 0.00-0.05 0.05-0.13 0.13-0.25 0.25-4555
Crude analysis
Case status 1.0 0.69(0.38-1.26)  1.00(0.E5-181)  20101.10-369) 0012
Asthma 1.0 063(0.31-1.27)  0R9(045-176)  1.9200.08-379) 0039
Rhinitis 1.0 0.85(0.38-1.89)  112(0.61-247)  2.6901.26-576) 000G
Eczema 1.0 0.74(0.36-162)  144(073-281)  252(1.26-500) 0002
Adjusted® analysis
Case status 1.0 0.7710.40-1.46)  1.01(0.53-190)  1.95(1.02-3.74) —
Asthma 1.0 0.67(0.33-1.38)  0.88(043-1.80]  1.8710.92-3.81) —
Rhinitis 1.0 1.03(044-2239)  1.23(0.53-2.88)  3.0401.34-6.59) —
Eczema 1.0 0.84(0.40-1.76)  145(0.71-297]  2.5611.24-532) —
DEHP
Ranges (mg DEHP/g dust)  0.00-0.46 0.46-0.77 0.77-1.20 1.30-40.46
Crude analysis
Case status 1.0 0.91(050-1.65)  1.05(0.58-1.89) 1.44i0.80-261) 0199
Asthma 1.0 1110053231 151(074-3.07)  Z.3601.17-475 0009
Rhinitis 1.0 112(063-2.36)  006(044-211)  1551073-328) 0331
Eczema 1.0 1.00(050-1.97)  1.35(0.70-262)  1.50M0.76-296) D161
Adjusted® analysis
Case status 1.0 NS NS NS e
Asthma 1.0 1.56(0.70-3.46)  Z205(0.84-447]  2.9311.36-6.34) —
Rhinitis 1.0 NS NS NS —_—
Eczema 1.0 NS NS NS -

(Bornehag et al,

EHP 2004)
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Allergic conjunctivitis®

Negative 101.9+176.6 946.2+198.7
Positive 192.8+210.2 949.4+182.8

Allergic rhinitis® <0.01 0.14
Negative 80.12+123.7 919.3+182.6
Positive 167.2+224.3 969.32+200.2

Allergic dermatitis® 0.03 0.15
Negative 114.8+201.3 929.1+196.9
Positive 153.8+169.3 980.2+184.5

Asthma® 0.02 0.31
Negative 111.7+155.1 941.4+185.1
Positive 284.5+364.7 999.5+262.1

Father or mother with 0.09 0.45

doctor diagnosed
allergic diseases

No 101.7+146.8 942.1+190.3

Yes 149.1+222.8 917.9+177.3
Human milk for infant 0.49 0.94
feeding®

No 136.0+208.2 959.3+203.0

Yes 123.7+183.7 955.6+176.1
Hypoallergic milk for 0.53 0.32
infant
feeding ©

No 128.4+203.0 950.4+192.6

Yes 156.1+157.6 1040+235.6 57

Control Case Control Case
Diseases No.  GM conc No. GMconc P value No. GM conc No. GMconc P value
50H-MEHP  Conjunctivitis 35 32.29 17 54.67 <0.05 32 73.68 17 105.65 <0.05
Rhinitis 27 36.43 25 40.54 0.73 24 84.66 25 82.39 0.60
Dermatitis 38 34.81 14 49.91 0.18 35 75.90 14 105.99 0.15
Asthma 48 37.00 4 58.93 0.29 45 83.38 4 84.82 0.71
50x0-MEHP  Conjunctivitis 35 24.96 17 43.90 <0.05 32 57.23 17 84.84 <0.05
Rhinitis 27 28.11 25 32.22 0.60 24 65.73 25 65.48 0.62
Dermatitis 38 271.25 14 39.06 0.23 35 59.73 14 82.94 0.11
Asthma 48 29.02 4 45.14 0.36 45 65.66 4 64.96 0.77
5cx-MEPP - Conjunctivitis 35 54.80 i3/ 88.72 0.06 32 125.67 i 171.45 0.09
Rhinitis 27 59.50 25 69.58 0.44 24 138.49 25 141.40 0.81
Dermatitis 38 58.34 14 82.99 0.19 35 127.65 14 176.24 0.13
Asthma 48 62.19 4 93.07 0.38 45 140.52 4 133.95 0.85
2cx-MMHP  Conjunctivitis 35 11.85 17 17.94 0.10 32 27.56 17 34.66 0.27
Rhinitis 27 12.19 25 15.23 0.28 24 28.73 25 30.95 0.58
Dermatitis 38 13.24 14 1451 0.56 35 29.46 14 30.82 0.61
Asthma 48 13.15 4 19.71 0.38 45 29.98 4 28.37 0.96
MEHP Conjunctivitis 35 8.90 17 14.06 0.08 32 20.00 17, 27.17 0.31
Rhinitis 27 9.79 25 10.96 0.62 24 22.20 25 22.28 0.78
Dermatitis 38 9.39 14 13.42 0.23 35 20.14 14 2851 0.20
Asthma 48 9.98 4 15.79 0.25 45 22.20 4 22.73 0.63
Case with diagnosed disease (conjunctivitis, rhinitis, dermatitis or
asthma) : 58
P value for Mann-Whitney U Test




""""" Unadjusted creatinine 7\_djﬁsted creatinine
Control Case Control Case
Diseases No. GMconc  No. GMconc P value  No. GM conc No. GMconc P value
DEHP Conjunctivitis 35 136.38 iy 222.62 <0.05 32 31251 17 43021 0.06
Rhinitis 27 149.50 25 172.33 0.55 24 348.05 25 350.23 0.63
Dermatitis 38 145.93 14 205.78 0.15 3H 319.18 14 437.01 013
Asthma 48 155.01 4 235.44 0.32 45 350.09 4 338.84 0.74
MnBP Conjunctivitis 35 76.71 1w 80.66 053 32 178.95 i 155.87 0.79
Rhinitis 21 96.27 25 62.11 0.22 24 233.42 25 126.22 <0.01
Dermatitis 38 82.37 14 67.20 0.74 3b 183.20 14 142.70 0.49
Asthma 48 7843 4 7219 091 45 178.13 4 104.75 0.18
MiBP Conjunctivitis 35 23.79 17 29.58 0.34 32 5341 17 57.16 0.69
Rhinitis 21 28.32 25 22.85 0.42 24 64.84 25 46.44 0.09
Dermatitis 38 25.76 14 24.97 0.87 35 55.37 14 53.02 0.76
Asthma 48 2542 4 21.01 0.96 45 56.37 4 38.87 031
MBzP Conjunctivitis 32 5.06 16 525 0.62 30 1031 16 9.43 055
Rhinitis 24 541 24 484 0.75 22 10.69 24 9.40 0.38
Dermatitis 34 510 14 517 0.77 32 9.59 14 10.98 0.72
Asthma 44 531 4 343 0.28 42 1069 4 4.93 <0.05
Case with diagnosed disease (conjunctivitis, rhinitis, dermatitis or
asthma)
P value for Mann-Whitney U Test 59

MMP, . DEHP metabolites DiNP
Monophthalates MEP MnBP, MiBP, MBzP (MEHP) metabolites
Carbon atoms 1 4 4 arri?gatlc 8 9
Cross-sectional 1'(;8;33)\ 1'(:)%(58)\ 1.Conjunctivitis GG\
study (st!mulate or 2. IgE™ 2. IgE 2. 1gG\((qirls) (boys)
suppressive effect) (girls) (girls)
MnBP:76.5 MEHP: 10.1 > DiNP:
GM (ug/) MiBP:25.7 37 5cx-MEPP: 62.1 28.1
1. Asthma
Prospective study 5 EMGMi) % ilrgllS{MnBP) 1.1gG .~ 1. Conjunctivitis
(stimulate or ’ (%0 5) g (girls) 2. Asthma,
suppressive effect) 3. IgE y\ 3. 1gG 7 (boys)
(boys)
MMP:32 . MEHP:10.7
GM (ve/Y) MEP:36 MnBP:4.5 103 50x0-MEHP:433 |

1. Cross-sectional: IgE, IgG suppressive effect
2.Prospective : stimulate and suppressive effect

3. Gender differences susceptibility to environmental
toxicants




1alates and Adipokines

* In general: Adipose tissue as endocrine organ
produces exclusive adipokines: leptin, adiponectin,
resistin, etc

* Adiponectin

* Adiponectin appears to protect against the development
of various vascular diseases.

* Adiponectin-knockout mouse displays delayed
clearance of free fatty acid, higher plasma TNF-alpha
concentrations (Tomas et al 2002), and greater degree of
hypertension (Ohashi et al 2006) than wild-type mice.

» High plasma adiponectin levels are associated with a
lower risk of myocardial infarcation in men (Pischon et
al 2004)

— Leptin, Insulin, glucose, BPs, CRP..

Rationale

* Direct adverse effects of DEHP on insulin receptor and glucose
oxidation in Chang liver cells (Rengarajan S. et al 2007)

* DEHP exposure may have a negative influence on glucose
homeostasis

* Environmental phthalate monoesters have the potential
of activating rodent and human PPARs (Feige, JN. et al
2010; Desvergne B et al 2009)

o Alter adipocyte differentiation and insulin sensitization

* Pre-diabetes and the presence of the metabolic syndrome, even in
normoglycemic patients, increase the risk of most types of CVD

e Chronic inflammation, oxidative stress, hypercoagulability of the
blood, microvasculature, macrovasculature changes




50HMEHP

Soxo MEHP

MnBP

MBzP

MNP

MEP

rease

Maternal
Age 2
Age 5
Age 8

Maternal
Age 2
Age 5
Age 8

Maternal
Age 2
Age5
Age 8

Maternal
Age 2
Age 5
Age &

Maternal
Age 2
Age 5
Age 8

Maternal
Age 2
Age5
Age 8

Maternal
Age 2
Age5
Age 8

d BMI,

- ~-Age 5 EMI
- -Age 8
' %

Sig decrease

‘Age 5 Leptin
-Age 8

Age 5 Adiponectin

_‘ on of environmenta
adlpogenlc differentiation of 3T3-L1 cells

1.5

Induction of
PPRE-luciferase (fold)

CJBBP mDPP WEPA

Lo

Control

I ne cell were left untreated or treated with IM troglitazone
(Trogl), or IM BBP etc for 11 days. Oil Red with arrowheads
pointing to the adipogenic fat cells. Scale bar = 0.25 mm

*

o

Analysis of PPRE-driven
luciferase activation by the
FDCs in HIIQEZ;-PPRF-I 1ic cells




..... M"‘ i . e s e cat j.,“-.—r-f--""""
—ufinary phthalate metabol |te in 5 years -old children.
Girls Boys
Sum of
50H- : 50H- : DEHP
MMP 2ol MiBP MEHP |-,  |MiBP
metabolites
Leptin
R! -0.273  |-0.102 -0.236 -0.034 -0.009 0.451 0.009
P-value [0.021  |0.397 0.236 0.768 0.940 0.018 0.964
n 71 71 27 76 27 27
R? -0.286 |-0.104 -0.427 0.109 0.208 0.369 0.383
P-value [0.016 |0.389 0.026 0.348 0.072 0.058 0.049
n 71 71 27 76 76 27 27
Adipo-
nectin |R: -0.278  |-0.127 0.306 0.006 -0.092 0.045 0,220
P-value [0.018 0,286 0.113 0.956 0.431 0.824 0.269
n 72 72 28 76 76 27 27
R2 -0.267 |-0.262 0.065 0.257 -0.242 -0.010 0.046
P-value {0,023 |0.026 0.742 0.025 0.035 0.959 0.81
n 72 72 28 76 76 27 27
1 Pearson correlation coefficient 2 Spearman correlation coefficient

itation & on
* Sample size - larger scaled population

» Related hormone:GnRH,LH,FSH, SHBG, inhibinB

® Other effects & Mechnisms (i.e. PPAR)

» Atopy disease

e Obesity and metabolic syndrome

e Lukemia

* Total exposure level: Back-calculation to parental

exposure to associate with health outcomes: TDI&
effcets

* Other EDCs as possible confounders
* Genetic factor may modify the effect




Gene regulatory mechanisms affected b
environmental exposures

Pharmaceuticals
Pesticides

PCBs, PAHs, dioxin
Air pollutants
Heavy metals

Gene translocation
Histone modifications
DNA methylation

DNA DNA repair Hormones
Gene copy number BPA, NP, OP
Transposon activation Nutrition

Parental care
Transcription

RNA RNA stability Cancer
Alternative RNA splicing Diabetes, obesity
Retrotransposons Infertilit\;

Respiratory diseases

_Allergies, immune response
Neurodegenérative-disorders
Stress response

| Inheritance
Development
Growth

Aging

Transcription factors
Protein degradation

Protein

Environmenomics

\ Effect |
Bioinformatics \ P evention ‘

Environmental factors

¥ Toxicology Metaboliomics T i
= = h Epidemiol: N Risk
Epigenetic changes IR Intervett
< 3 [ N Bposure || Gousceptibility | Effectmarker i t—
‘ Genomics \U,/\ \ | Disease
Ny Treatment
Transcriptional :

§ Proteinomics
Functional




* Questionnaire interview in maternal and childhood s.
» Life styles, reproductive and disease history
e Food frequency
* Some paternal characteristic

* Specimens

e Placenta, breast milk, cord, (meconium)
e Maternal, cord, 2, 5, 8 yr serum, hair
» DNA at each stage & cDNA at 2 years
* Physiology
* Growth & development, IQ, Dental
» Behavior - neuro-reflex, appearance, congenital disease

screening, gender role

* Hormones, BP, lung function, abdominal c., ultrasound

e ey ———

» Fetal origins of cancer,
cardiovascular disease, allergies,
asthma, hypertension, diabetes,
obesity, mental illness — even
arthritis, osteoporosis & cognitive
decline

 Intrauterine environment is even
more important than genes or
shared eating habits in passing on a
propensity (i.e. for obesity, Kral et al.)

» Through epigenetic modification

Paul A, Oct 2010




g — — e

e Womb - Your mother, Yourself

* Playing Mozart to pregnant belly

* Barker hypothesis: low nutritional conditions before
birth result in lifestyle-related diseases later as adults
(i.e. CVD mortality)

* DES and virginal ca: in utero exp and cancer at
puberty

* Arsenic to pregnant mice induced several cancers

* Gene imprinting lasting for I-II-1II generations




Worldwide trend in children health

* Vulnerable to the environment
e Children behavior
* Food intake per kilo body weight

* Metabolism of the pollutants

* Relationship between environment & children health
e Protection
 Disease prevention and treatment

N=90,000 N=100,000 N=20,000 N=100,000
1999~ 1997~ 2002~05 2008~

Narwegian Danish Natignal Hokkaido Cohart
Mother and Child Birth Cohort orkaito toha -
Cohort Study : Fr

s 2, Study National =gy
_ F ] Children’s Study E‘%”
13} .-,C?ﬂ = Tohoku study of T 2 &
e .ﬁ child pevelopment  f—ar—" T i, ‘;

\ -g'{‘l: Eoston Birth

Cohort Study

h R Y
T
AT
S \E

s
kR

!} Rochester Longitudinal

Faroese Birth Cohort GE"’;:;:“" /'J\L. o ¥ \\ Lead Study
Study . -
= ktother and Child .
i-| " Michigan Cohort
\#I—“M / J& :§;\ Health and Envirenment &

Oswezo Newbhorn
and Infant

Development Project

Yugoslavia Prospective ‘.P { [MOCHE] Cohort Study ( 4
Study of Envirenmental ] s N Cleveland Cohort
Lead Exposurs (} Ir”} f! z\.[\.“ . T Study \"} ’j
o /Y { \I Maxico City Prospective /
Serman Environmental -_.---"'"‘xw) “ Laad Study | J J_/J
Survey ] . Cincinnati Lea SI ¢
ﬁ Study Cohaort |I 1
North Carolina tﬁ -
cohort Study

Nitta H 2009




PCore Hypothesi

1. Preghancy Outcomes
Birth defects
Increased risk of preterm birth

S0

the NCS,

o

o

o

Increased risk of fetal growth restriction

[

Maternal hypothyroidism and neuro-developmental disabilities
2. Neurodevelopment and Behavior

- Non-persistent pesticides

- Prenatal infection

- Gene-environment interactions

- Prenatal and perinatal infection and schizophrenia
3. Child Health and Development

- Family influences

- Impact of neighborhood and communities

- Impact of media exposure

> Social institutions

Asthoiand Wp@iing S
"""" > The role of prenatal maternal stress and genetics
- Exposure to indoor and outdoor air pollution, aeroallergens
- Dietary antioxidants
> Social environmental
- Early exposure to structural components and microorganisms
- Environmental exposures interact with genes
5. Obesity and Growth
- Impaired maternal glucose metabolism
- Breastfeeding associated with lower rates
- Fiber, whole grains, high glycemic index
- Genetics, environmental exposures, and Type I diabetes
6. Injury
- Neuro-cognitive development and repeated mild traumatic brain injury

- Behavioral exposures, genetics and aggression

- Antecedents and resiliency to traumatic life events
7. Reproductive Development

- Hormonally active environmental agents




Household Composition, demographic variables, health
conditions, medical history, income, diet, lifestyles, housing
characteristics, pets, use of home appliances, occupations,
hobbies, etc.

Questionnaire (mother, father)

Endocrine disrupting chemicals, hormenes, infection/
inflammationfimmunity/allergy markers, glucose
metabolism, chemicals {metals, organic fluorine
compounds, efc.), genetic markers

Cord blood

Endocrine disrupting chemicals, hormones, infection/
inflammatien/immunityfallergy markers, glucose

Blood (mather, father) metabolism, chemicals (metals, organic fluorine

Biological compounds, efc.), genetic markers
samples - I -
Breast milk Antioxidants, phytoestrogens, chemicals
Urine (mother, father, children) Crugs, chemicals, cofinine, ete.
Vaginal swabs Bacterial infaction, antibodies, cytokines
Placenta, cord, meconium Antibodies, cytokines, chemicals, etc.

Hair, nail, saliva (mother, father,
children

s o Particles, volatile organic compounds, aldehydes, nitrogen
oxides, ozone, carbon monoxide, ete.

Environmental | House dust Allergens, endotoxins, metals, pesticides

Cotinine, mercury, cortiscl

\_/

samples = e Diginfection byproducts, volatile organic compounds,
Lrinking water metalz, pesticides, coliforms, etc.
Soil Metals, pesticides
Moize

Height, weight, abdominal circumference, skin fold

Physical attributes thickness, stc.

Blood pressure

Medical testing Ultrasound asszessments

Clinical azsessments (pregnancy,
newborn)

Mental and physical development

Different health/environmental factors at
differ--+ ~*----

c:i Emviraonmental Factors 2:?

Nitta H 2009; Nelson Pediatrics, 2007
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Health Studies

Your Environment.
Your Health.

The mission of the NIEHS is to reduce the burden
of human illness and disability by understanding
how the environment influences the devefupmem

ional Center for Environmental

and progression of human disease.

Q\? National Institute of
, ¥ Environmental Health Sciences

4 2001

President Clinton signs Executive
Drder 13045, Protection of Children
from Environmental Health Risks
and Safety Risks, which directs
federal agencies to identify and
assess environmental risks
to children's health

Eight Children’s Canters are
established by NIEHS and EPA,
with an emphasis on research
on children’s asthma and other
respiratory diseases, as well as
ways to reduce tarm children’s

exposure to pesticides.

2006
| i)

The program is expandedto include
research on neurobehavioral disorders
with the addition of four centers — two

devoted to research on environmental

factors potentially related to autism, one

to the impact of exposure to mercury

and PCBs, and one designed to q-m"*m,r

the impact of low-lavel environmeanta
toxicants on child developme

2010
l

Six centers are renewed,
one is added.

o

The revised Children's Center
program funds six research

ne more cedaler is res i,
One more center 15 renewed
one is added

NIEHS and EPA separately convene
independent review panels to evaluate
the Children’s Centers program. Based

upon those evaluations, a workshop,
input, the agencies elect to solicit applications
for new centers to Increase flexibility and
creaie a more 5\!’[I£i'|]if. 115[L’L‘LI[|'.

and public

centers and six formative
centers. Research atthe
tormative centers includes
emarging areas of science
in children's health,
incarporating innovative
approaches

Today, a total of 14 Children's
Centers are supportad
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Albert Einstein: Imagination is more important
than knowledge. For knowledge is limited,
whereas imagination embraces the entire world,

progres to evolution.
ol S a
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