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Environmental Endocrine Disruptors and Neurological Disorders

Eun Young Yang, MA, Dong Kuk Lee, MD?, Jae Ho Yang, PhD"

Hesed Research Institute of Clinical Psychology, Seoul, Korea

Departments of Neurology” and Pharmacologyb, Catholic University of Daegu School of Medicine, Daegu, Korea

We live in a world where daily exposure to environmental chemicals is inevitable. Many studies point to environmental

chemicals a major cause of neurological diseases. Properly intervening in and managing the exposure requires up-to-date

information about neurotoxic chemicals that may lead to neurological disorders. The recent literature on the neurotoxic

effects of environmental chemicals was reviewed, including both animal and human studies. Parkinson’s disease, Alzheimer’s

disease and autism are closely associated with environmental chemicals such as polychlorinated biphenys (PCBs), dioxins,

polybrominated biphenyl ethers (PBDE), and perfluoroalkyls. There is strong evidence linking environmental chemical

exposure to neurodevelopmental and neurodegenerative diseases. In particular, it is important to pay close attention to a high

risk-age group where the window of exposure is critical to causing neurological disease.

] Korean Neurol Assoc 36(3):139-144, 2018
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A, spFegEgel] Sk ol A4l ﬂi%é% HEd 2,
G7121A4IA] F2F, thol2-Al(dioxin)/polychlorinated biphenyl (PCB),
o, ARsAS, vlAHA] 5 ”H - Hpefsit). & AtolAs Hol%
& e MEA she AS &
ArEEs SHoR AR Bede wAskaAl jitt
(Table).

PR Sk 0 SoA HEEE WEnolkEE
(endocrine disruptor)2- 9411]’8}111 Z HajjwA] o1 Aj&Hog =
A5h= skekd EA wfjio) XAl 7] 2 9EZ (persistent organ-
ic pollutants, POPs)o]| tj¥i Ztelct g2 2o 3 st
AelA E-8Fh= gt oA LRkl 9l B} ekl
A # gzl gojdom 2 Aol U duldelEdreleh=
8ol thal “SAE =S ARESLA} jith Al e e
L r}o|2A1L- H|ES}o] PCB, bisphenol A, phthalate®} 7+ 7]&
s =Ry} 125} SlgHE(perfluorinated compounds), H-=3}
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oA W FEAY Aol SAEER] ) AA NG AL
olof| 25t SlxkAo] Itk FAE0] Wo| HuEw gk 814
Tk ofE Az o] o] o]2fsh Arnt welo] Ql=A]= Peket
A obt}. Fd s e Bet LA BA, A9 to], A 5
oz} Hkgo] gebd 4= gl7] wiiEe] o5 ogEde] R4S Blelst
71 v ok SRR XE7HA] AT 7P ASEo] Y=
AYE3EA A biomarkery= -84, AZHALEZ, 145 G4, A5
A AEHA 58 EFels AAAEEAY] AsAE A8 7o)
t}’ PCBE n|33t 452 ro wajl eEy, opedel 5

*ﬂi W 2 ®H, ole}7]%= Alarachidonic acid)®] G2, AHE
Z(synaptosome) 2] Z<5 S, protein kinase C (PKC)2] 2H4, rya-
nodine ¥ o] A]EE & Kinositol triphosphate, 1P;) 4~8-4|4
3L neural nitric oxide synthase (nNOS) eNOS (endothelial nitric
2 5 4 o Tol8Al £}
SRkEe] ofet ¥ EFJr‘{ %%ﬂ Hok= ofehEe] ot wAlet

Table. Neurological disorders associated with endocrine disruptors

TAE 7L Ik’ 2 oAl =849} Ajtel= ol LAl
Adioxin-like) 25 7H SRFE0] 749 wapvle] g 1l 2
AAJs}= wid Hl t}o] L4l S-Alnon-dioxin-like) T-2E 717 &
& WSkS YehfA] okt webs Fhx0] Sl et Al s
A g2k 4= 9tk PCBo| 9t AAEA ] S djut
(hippocampus)©] UFE =84 74 9 71 428719] Z71o]
o Aog dHA gk E FFEAY (glutamate) 2 7Hulo}
1]} E] 24 gamma-aminobutyric acid, GABA)2] A3 Ao

r{o ru>i o :lo

= Flofsto] Agiae] AAHREA Aol ot 4354 do.
771 S POB -8 AAESIN B4 AkkE ARSI F3

o= A2y 4ledg=4el PKCE Sdsfsh=t] PKC= 4174
2] Abgo] F8%F Jgke FHh” I Aol A EAgHd AL
(nitric oxide synthase, NOS)Q| ZHAo] <oJgt A7|7Isiz-&
(long-term potentiation, LTP)2] A4 W3}, Z<

>~

O

011
32
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N-Methyl-D-Aspartate (NMDA) 484, 2554 4~874|9]
3 3 olele] AR A Al Walel AZFHAIS) e
F30 9l webd] AFAEY] AAAED A4 U AgEhe
s o] Ot AR AEstAAbR 8- 7Rsdo] Jle
o QIR AESEAALe] RS Ae] 27] 3 Yl Alsge 28t
<l A8 4 Qlk
2. BAz=Re 2g7)A

SR H87VE St o ek k- A

Foleps 3EE Ho| 9irk
Aol 717 di#sl Q F 2] o] 2 Al PCBE 5
Ao @ 7|&3lA} s} tho]LAl W PCBO| =47 AL v)sk

Bla —,—%ﬂ](arylhydrocarbon receptor, AhR)S o742 1‘5]—

PCBs

PBDEs

Dioxins PFCs

Motor deficits Established relationship
Sensory deficits
Peripheral NS effects
Autism

ADHD

Established relationship
Established relationship
Established relationship
Established relationship
Alzheimer’s disease Suspected relationship
Parkinson’s disease

ALS

Established relationship

Established relationship
Established relationship

Established relationship
Established relationship

Suspected relationship

Established relationship Established relationship
Established relationship
Established relationship

Suspected relationship
Established relationship ~ Established relationship
Established relationship
Established relationship Suspected relationship

Suspected relationship

PCBs; polychlorinated biphenyls, PBDEs; polybrominated biphenyl ethers, PFCs; perfluoroalkyl compounds, NS; neurological symptom, ADHD;

attention deficit hyperactive disorder, ALS; amyotrophic lateral sclerosis.

140 CHSHMEMOIRIN NI36Z NI, 2018



of 5AS Uehiliz 3540l 9l X849 tholSAlo] Alzap
o FoP7hd Hl227|™(cytosol) el 3= AhRY} Agket &
AhR nuclear translocator (ARNT)o]| 2J3}] 3 Y]z o]53sic}. o]
o] rlo] LAl HES-Q Av(dioxin responsive element, DRE)9} A3l
sto] A|ET2 P4509} 2- A 40 AAE 740 o|2et a4
o] o] thol8Ale] EAL A orl= AMES A BRI 514
¥F # So] ARZRE AN = BYGo] A WA
A thol Al AES] Z4E AhR-OE4] S} AhR-H|OJE4] &
A2 BRS girk B3] 22 Qe ABEAG] H9 AR v]2]
20l B EAAgo] Qolba gz A0 TetErh, PCB
O] 7% 209714] o dEA} S=H olE F AdEAE Uehdie
T Tol g AlT §AE 27} o g

4] AR 2o oFs A0R A ok vl g
7H] PCB= AllEE3EHo] Q= =8Alek Addsto] Alzrte] QA2
E3)| 52 A (phospholipase C, phospholipase A,, phospholipase D)
£ ZAJSIA)A arachidonic acid, IP; 52| J2]& X5l 2}4]
o7 Zwo Al U 5 S7HA PKC 59 ket aas
ARSI AL 1 HOw oFsle] TAHSHE PKCE 9147
Q) QINIS} B Fote] Ao AAE Aor|w FHHOE thy

~

H(non-coplanar) -5

A1) 2 Wsks 7Lt PKCE Frad o) w9 Apd
of T8 AT FHEA PCBF 11358s dorle w4l
A % shfolch” 1 el W T ERe] B4 ArE 371
A7l 282 7L Sl o] mEEERore] B Ata ST
E AREgAg U PAE Qo 53] FaAY Aol &
717F AL 23] = Al B B Akad] S tet
A0 g Fofl mhE Alehehd AAS] ExtEE wAlES] AF

3. fols4le PCB

Cho] %413} PCB= ¢-2] S=wofl 22 A 9lal wo
f Aol FA=o] QU9 flel o] fesle ]l se
oot thol Al 757k4] o)A (isomen)E 7HAITL 9lom]

olo} fAtEt Hlz ke 135714, PCBE 20971419] ol 8RS

=
>,

7HAAL Qe o] SEES 28717 o] whebA A7) 271
of A=A Hojet 22 417 Wl ArgolE frsto] Al
M e dovle 54 7L Sl tholgal Bl ofe} At
g 25 7R SRbEE QA9 MqollA v s Ay
o] op7]e] 7% 4419l 08} A= v kEE 4= QloA Aot

o141 10| B4 Sl ARSI WHOZ} skl gk
79 AR B2y

719} B etge] Aoll, 25 AVl o= devle AeR B
g vt glow] 53] Al Ale] A 3 o] 2elk A9
B U AR G F Aok A2 Sl 4 dEA)

= CBO| s/} & AL QsE of
ol5e] gAelzt vkl W wh Qlek”

PCBO] 73- sto} 472 5] weh AR =849} Wheoh= &
T(coplanar) PCBS} AR =849} 212Hgo] §li= vl&(non-co-
planar) PCBR 73h=t], £ PCB= thol&Alat 4727} AR
slof tholalh AR S48 7R Ao sl Wi b
& PCBO] 7J-poli= F51eh 287130l Aot =/do] s
A gol 915l W7te] el 97 ek et AR
9] 7% vl PCB7F AVIAIE 9 APz W] wixl=

& PCBECE &4 o 52 2102 gejA Qi 3t v
a0 25 1%F 7P “Aroclor1254°2H= PCB E3HE-8 Folgd

o o

75 ol FA e i) Fel= vl FEjef PCBRl A
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7158 A3k Al A7 A& 4k (nerve conduction velocity)
Aok, 4174, A4 915 ol Uehton, S olole] 7
LA A3, 710] 9 srEl Ak 1Q Ael o) Wl v}
ek sk uARY o) e iol t 9] 1ol PCB
o .9 AL ek Ao 49 1 5] AFH}
o Jom Uehith® PCBrEit Fojidw shhedel
(attention deficit hyperactive disorder, ADHD) HE}2] Al
L ofn] g dtellM HaEn glow, FEdds SolMe
©ojdo] H=E|T 9k Aw|Z(autism  spectrum  disorder,
ASD)T} 33 0] AMIS R 177} glont A 5
o] | o= ditel| wet Mz ke AvE THAlE A
Wk st B AAE skl e oAl 77 B
0] PCBO| w2 AR 49 A159] ASD gl £.2]
A A et o] s A Alme] BAS 25t A
Aol =t 7P AAM AE71A19] ol AtATEE AlRdo] w2
Zitolct. 195 24 78l (amyotrophic lateral sclerosis, ALS)
< AEREgtoz i) Aeks] WHeiA|A] ke S]] dztolch.
Ay FARR o= APl o] AR TAR DNA-binding protein
(TDP)-430]2= chulAle] 5} olo] W SEAAHES) &
Alo] HejAgl YQloR XiEal glrt A ALS9] 95%+= ©]
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A o] A3t 2342401 HAZE ek Hhol&Alit PCB &
dof|A] AhR 4=8A1E Hi7iE= TDP-432- 3uf o} 57}
A7l Zlo] 2t gjlEo] tholsAali} T2 5 2io] ALSE|
el Fagh g2k & Zo® Had up QoY Egh 1o

7ol T & W Sl Sk Aew o
A4 Qlrk 9 ko) AlEE AR At a1 o) AJAke: €
u|sh= 54 E¥(nigral depigmentation) | ZZJof| A ufj$- =2
59| PCB7} A& glom oleet ehd e = 3 AEAA

ol of4o] B Foket Zlom W e et

0,
Y
=
tjé!

4. BE3h3AA|(brominated flame retardants, BFR)

ttolLAlolLt PCBOR= Ee] HiEshdelA| o] BAde 2 o
7] gkoxt 2 olol st 47} Bk ofutr glek. B
shddA|e] 4591 polybrominated diphenyl ether (PBDE)&=
AAAE, S2kAE ARE, 54 5 -2 A DHRE fofoll
A A (flame retardant)@ G| 240]1 QlE TP T 2RO
PBDE= AlEE] efof kirko] 7I914de S5 dds
wfiol] AlZte] AdeE oA EejEo] 2 -
TVe} 222 ZRIAEOI 719} 22 AVj&H-S PBDES] Ay
37| L9& 77 l= 78 9ol PBDE= 4 AlAA 0=
AZE 4t Zo] AL glow X8Rl SAlel B F /ol
& 53k QA W S2lo] dojdor qIA|o] Fo, it
, A Sl Ald 20-3047F 6] F7ketal §lek. PBDE:
oluiel DDTU} PCBE 28It 72 B4 08o] 3

2,

i
i)
L
~

P
s

o g oikEct” PBDE: A8l A5 ERo] 7ha, Axeks
T, AT 2R ¥35E 5 WEHAROlE do7]= Aozt
A A gron), 2|t Bol AsA st ot S7kskal Qlck
EEAY 59 F8lo] PBDE: AIAHGEA §49] wal, g5t
GOl of e} QAR of|, 7| 5 A|A W kS
i o]t AL Hloh Ffolr|e wEat TEAo] w2 A
o oA ek’ Ht Aol ok nlare] A9 ofo] 61

o| Al PBDE7} AZEt) 53] A4l 5 E= ool k3 Al
e AAIES] &4, Aol 1Q4=A] A5t GOl YEh e
PBDE?] ©]4Z#|¢] hexabromocyclododecane (HBCDD)= it}

e

A fAlo] A9l dopamine transporter X vesicular
monoamine transporter 22| Z8-S- Al Ao E ATA] Q)

ok 94l 5 PBDEY] e SAARAS) Al k0] gle.
2% AFE| 3L glow] PBDES] o3t nlEzErlo} Ale}-ghelAA|
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Fol Adsde e A
oM 2] oA

oz AA Qe 2T = A
HESe A8l PFC o] dAAI per-
fluorooctane sulfonic acid (PFOS), PFOA, perﬂuorohexane sulfo-
nate (PFHXS) 5-0] 7 A 2£0] AFES F206kal PRKCRF 22
A% AAAE Asieks =lste] PFC7F F837E A8 54%
A AL AEALE A5 vh Yok AdgEe 44544
et oA PFCE] Q1A 417 5
7kl Qlek. Zt S7FshAL Sl ofFlo]o] EAteldgte] =2
FHES PFC| keEah Bt/do] &2 Z1o® 7hEaL §

of Aol Al PFCO|l =g 7-5- ofol7} 18711€o] H= AlFollAl
ol wke& Uehdlitks Havk glow, PFCY| E55rt =
248 oAt Aol ADHD) EE oldst 4% B4
(externalizing behavior problem)S YO0 7|= Ao & H1F v} 9}
T}.% 71 ubo]| PFHxS E= perfluorononanoic acid (PFNA)7}
oo ¥k o] itk KAl Qlek TLeuf olefgh Hale ¢l
i golut Whalol| wheh A= ke s vehfs 9= 9l
o @2 997} dasith PBDES} WEI7HA| R PFCE *Hiﬂl s
**OPL AFTEror FRE] AEEEIOIAN A T

2 of

wow PA] B2of watEert”
=24 E
AR1e] e g e R Ad Az o Al
o ol 47 BAeaRAd] wBET ok AN T

(WHO, 2016)°] w2 70 AJA] A5k 24% 7399120
ofsf ofutu] 53] 5] ute] ofglo] M| 33%k FLGol
7191517 W] 91} 24| 1S Folts AYORE GZF 41
w o] e 73 5 ek BIsk vt ek A AR

E N B I /375174]7‘;_13}4 elow 2T A HEES A
23l ohq. EH ?_]—73]5/\']1311—4 iEOI] s E[_] ]—6]'

A vrsEh= XP7](organ)%
(EECELRECIS

Al7gAolet Ea] Al7d=/del 7
A171¢] brain growth spurt 7]7F C’J"ﬂ
e2E A I GERE E AREYE ol A7 | o] Fof:
4% AAAASS Yefll= Aoz a4 Sk oAl dgst o
#4087 TEEE A i% A]7|(window of exposure)7} vij

_\'L

? 2 by AREAEY w29 1)
ol thgt Hof A Sol2Ql k& HAIE Hohe & A524
eE 9y ko] Aasith S HldeR o ekeAle 4
A Qo) AAE 431 5 vk Sl (confounding variables) T
woll 2ol gt fHAZE AL At TRt A AAt

Aploet. et 22
ol olclth A ne)
SR} A om

SR gl FAlolc AARES fAHe REE EI o
st Al fele] iy 1ol 4 Giek olefet WaAel A
o] ubint Ak 1S G I, S)Ael WA sel B30
799) 1ol OlF UMY 1 E S BRIS AATIORA A
2 st pefd 4 glck JejnE B o AgAase ¢
ol B0l FATEEY| S04 2| BHL GBI o
B AIRARE oY W Tel] A /1R NS A3k
A st
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