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Prenatal sodium arsenite affects early development of serotonergic neurons

in the fetal rat brain

Mika SENUMA', Chisato MORI®, Tetsuo OGAWA®, Makiko KUWAGATA"

This study assessed effects of sodium (meta) arsenite shortly after exposure on developing fetal rat brains.

Pregnant rats were administered 50 mg/L arsenite in drinking water or 20 mg/kg arsenite orally using a

gastric tube, on gestational days (GD) 9-15, and fetal brains were examined on GD16. Dams administered

20 mg/kg arsenite showed reductions in body weight gain and food consumption during treatment, but

not with 50 mg/L arsenite. Arsenite did not induce excessive cell death or affect neural cell division in

any region of the fetal neuroepithelium. Tyrosine hydroxylase immunohistochemistry revealed that no

difference in the distribution of catecholaminergic neurons between fetuses of arsenite treated and control

rats. However, reductions in serotonin positive cells in the fetal median and dorsal raphe nuclei were

observed following maternal treatment with 20 mg/kg arsenite. These results suggest that arsenite-induced

neurodevelopmental toxicity involves defects in the early development of the serotonin nervous system.
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CEDBHLNIZENTWA, B RIZEEDAMTER
B (International Agency for Research on Cancer :
IARC)IZ & o Tk MIXT BFHABAMEDNED SN
ZWEFS Y, B OB THARR
WATET 5 2 0, EMRHEIKNDOE AL
Lo TV AREIHEWEH TH L. bER2TE
T AKRDOEHAN X BEFEEEILX, TVEYTF Y, N
YTIFEYa, ), PE, 4L FRETRD SR,
NS OHIBIZ BT BT AEDP S, iR
WIIZBUT 2 WMEOEENB L ORENOKT,
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CORRBMERH # IR0 H (o H) & L7-.
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v 7 B - — 2 (350w X 400d X 180h mm)
HHZ v PR IRTOIAEL, Kiie LT
NTEF F (=2 1) —, AT ZTV
—) EEAE L7z BB (CE-2, HAZ
7) B X ORI L 727K K (R EF T K8
#AK) & AR E ¥ THE L7

wE5ME
2.1 BEMESLUERERZE

BHIZIE3fioe#zTHL (X 7)He S b
1) 7 2 (NaAsO,, CAS No. 7784-46-5, flijE =
90% , Sigma-Aldrich, St. Louis, MO) % H\» 7.

PGB X O HIZoWTI, BEHSY
BIUMEEARELZER LREL. T4b
L, 7y NOMGE16 H ORI 35 E 2 fHIS O 5
FEDTEREFRIRRIC &, RS LR R Tl pge
i le OHEGE, MleOBE) I X OFERASEHh ]
REZRICTH Y, Mol % M\ CDNT
FHli % 4T - 72 EESH H e h 5, IR H 2
515HDOT7THM, 20 mgkgd b % % i@l fE
15 (As 20 mg/kg 3 5-%F) H %\ 13 50 mg/L %
R ¥E G- (As 50 mg/L¥5-8F) L, k16 HIZ
W EWRICTRIB 257, SHIECIIEATH
B RS K 2 BRI R 4 G- L7z, b,
Be 5 (5 mL/kg) &, $5-BAMEH CTH % ik
9 HORE % FE BRI R L 7.

SRR 13 G- AR 3 b 35 7% 710 K VA
X, kRS- BRI v & 2 KEK ISR S
KBTI L 72, 2B, WIhokb ik
b HIRFHEL L 72

XFHEREIX 11 PE, As 20 mg/kg #¢5-#E1x 12 L,
As 50 mg/L¥x5-#13 6 IEDO RSN % FH W 7.
2.2 BEEDETE

ARIEBROYE5HE, BEW ™Y B & 0P gz
DFEFATIED TR L7z AT v M2 20 mg/kg
DY % 15 H B bk I $ 5 L 725 TE,
HIEB O T B L o F—283 ¥ (DA)
SROBEMAASLNY, 50 mg/LO b F % if
IR6 HA oA %42 HIZHKIRS L2 EEBTIE,

RN I B W TRIGEREOK T 28, K&k
BB B TR OIS A SN TWn5D ),
B, 7v MI30 mgkgD b R xRS H A
510 HOWT ORI H R EREN G- L
7oEERTIE, RBREICAE, RS DHE ST
W2? ZHSOEREBEICTMIERE T 72
FA, 50 mgkg UL b ¥z G I REEI A~ O K
BRERTHHETH L Z LR SN,

L7255 T, 20 mg/kg GRHIREI%5) H %
VW 50 mg/L(BOK$E:) 2 AEBR OG-8 & L
TRE L7

AREFHE

3.1 AE, BHEESSLUHKEDATE
REPR X A EIXERH (B 5-BiEH) B
FOMIR16 H G EYIB H) IClE L7z, F 72,
RO H 25 16 HE THEH, floksax Bl L7z
3.2 BHETHASLUBHMOBKRE

HiR16 H (11:00 = 1 h) ICHE 2 K7V
T (AT VB KBOICTWAMEEL, &3
BRI T CRUMIC & D B S 872, HMtE, AR
BB IOmC B ERsH Lz BEIZ4% /8T
AIVLATIVTFE F0.1 mol/LY) > Bk (4%
paraformaldehyde ; 4% PFA) C2 H KR T
(F4CT)ICTRERMZE L7z, IR IBARE I E %
WZHIE L7z
3.3 tRE2ATE

77 T4 B R\ RE B 0 Il R FEE B & U8 As
20 mg/kg#x 5-# . £ 30L), Mk BRI 4A,
JiE VR Gof HEHE 3 & OV As 20 mglkg P 55 © %43
M) #BRINL, FEEEGT I A HmISTEE
(ICP-MS) I2 X Y Hlfkho e ZEEEHUE L2
(e TR BFiE, M B T130.01 ppm,
G TI20.02 ppm). WEOEE, M Mk
BB IOBEMIBNTIE, —BE2FoT—
WAL L7z, b, GEEEHAER S
v F =KL 7=
3.4 REEBILFELEE

e L7za R Szl Lz, 10%¥ 7
F KRB EHCTRERZ G L, 4% PFA
W2 T2 HBRIR T CRIEEE L. Z0%,
0.01 mol/L V) > Pi#% i A P £ 3 (0.01 mol/L
PBS) IC# L, #bUIk$ CTIRIRMRE L7z 1F
WL -¥s5Fr7uyrid, ¥75v—2%H
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VT 40 pm OJE S TR B 0 @ i ) i % 3
L, 0.01 mol/L PBS#IZ#E1H L THIEPRAE L 7.
JFEHI & LT3RDNA 7V S N7z XT
DY R EBINL7Z. B, o b= (5-HT)
et O BHRINT IS L7281, 3 XTOG
WG &2 1RO N A 7OV B L 72, #4)
YR 1Z, Crecyl violet§eft (= v AV 4efh) B %
WIS AR R L7, T b b,
TUNEL %¢t% (in situ cell death detection Kkit,
POD, Roche), V) ¥ zfte A >~ H3 4t (rabbit
anti-phosphorylated-histone H3, Sigma-
Aldrich), Tyrosine Hydroxylase (TH) %1 (sheep
anti-tyrosine hydroxylase, Pel-Freez), 5-HT 4¢
1 (goat anti-serotonin, ImmunoStar) £ A& % 1E
B, MlEoFRB, MiteiisosRse, €
DT I VRMEBR (T a— VT 3 VSRR,
5-HT #lifEA%) DFANTDOWTBIgE L 72

FPEHIRRG 2T X D diaminobenzidine
(DAB, HDEHI#E T38) 012 X 2 ABCH#: = H
WTE L2, WIhofEfkaofEicswv
Td, WHREAIVF F ¥ 7 — iM% RISt s
% 7212 3% MIRILKFE - 0.01 mol/L PBS{EH!
TR FTI50MA Y Fax—ar&2fro
7z. 0.01 mol/L PBSRIZ T4, 0.5%1E%H
IfiL3E + 0.83% TritonX-100 & PBS H 12 T = ifil
T 6045 FRRE R SUS 2 P S 2, —kbuk
Z1H25 2 HEMKE T (] 4C) TS S 7.

0.01 molV/L PBSH#{IZ THEitR, ¥4 F L™
KPR % Zim T T M PUS S 72, R,
TEYYEFF e RE K S (60
43). 0.01 mol/L PBS## X U70.05 mol/L + Y
A IR T ORI, K 1T0.03% #lR{bAK
%0.1%DAB %50 mmol/L bV & - V) ik
WHCRUL S PR O L 21T 5 72,

gettitk, Ja YR o> £ B [ RN Bz B iy B (i
Eay, W, BENRE X O, KB
Boh gl O =2s, i, BB RIS & UMl
1), KIB B HB (s, iy, BEMRES
KON, WRGAR, FREE S, WK,
BURATES, BURRES, HURTEBATER, BUK TEB
uh, (LM, MEmRE, Pk B
BRUET S X O, A, R, W
DKEVE), IR, /N, TERE] 12D TiigE L7z,

3.5 BRIEBOEHA
f i 16 H O IR A % - T, KIx ot

A, #EB BLUOAKMEEOE S(C),

AN & i & OBERIROMELE (D), IR OB

(E) Z Ml L 72 (KA 8. 12 1).

4. EREET

W RN~ 7  (Image J 1.45, NIH) & JH
T, 5-HT GtatEAR o MR 217 - 72, HiNdH
W, T o 5-HT O 454 3% 2 Wl 2> 5 BN 23F T
SHHIMIZ /1T (KGR 3.6 M), KO Bk
O ZER L2, 8512, SR, IEhk
L ATER AN o B 1T - Rt A A B
5. iREtEEIN A&

METLELZ I HERE Y 7 b GREM#ENT Y 7 by«
7 SAS®) & v 7z, A EYIBAT AR (R EsE T, Ia
WA, JRIEARE, M) 3 — A IR
L, T Rz SNzl % sHlis g & LT
BEEDONEZ Red 72, dIEBEE e ZIR 5B Z I
B L Student O ¢ Mg % it L 72 (B AKH#E5%).

R
1. BEMWIFMR S SVUREE

L RIBEEZOPEIY B X O BB T R 2 R A
2, GHIMPoBOKkE 2B IR L.

THH OG- OKR, FEYoRECHRE L 72
b FEOMEEF R CEME) 1X, As 20 mg/kg % 5-#F
T44.3 mg/Vt, As 50 mg/L%5#C8.8 mg/JL
TH o7z, As 50 mg/LIZ5-# 1L As 20 mg/kg %
G D OBFEEIMMERE L7220 5,
AREERIZ BT 2 ERE L ALEM T Sz,

As 50 mg/L¥x 58 CTld, 5B H»HHKE
DIKTAA LN, As 20 mgkgx G-HTY, &%
HBEHIZHAKEOR T 2B I NS, &52H
H i e m) &2 7R L 72,

As 20 mg/kg % 5-#, As 50 mg/L#Z5-#F & b
WAREIEINIPHIASA H 7z, As 20 mg/kg ¥ 58
TIEEAERENES LOCBEHEEOABELETAARS
N2 eh 56, As 50 mg/LIG-HE X D & 3 MEd
M HEHLZEEZ ONT.

RO, RECE, IS ARE ISR
DWFELRZIA LN D572,

2. BEMB LURBHEBFOELREEATE
As 20 mg/kg X 5-HETlE, HEIW ORI, I,
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*®1 EFRBEWEIRIBH,S5150) ZOBEMAMA S LVEIR16 HOFEYIFHMA
Group Control As 20 mg/kg As 50 mg/L
Number of dams 11 12 6
Amount of As exposure (mg/dam) 0 443+ 4.2 8.8+ 1.3
Body weight gain(g) GD9-16 40.2 = 8.8 18.2 = 14.9* 29.5+ 15.0
Food intake (g) GD9-16 149.9 = 36.8 112.7 £ 30.1* 146.4 £ 13.4
Water intake (g) GD9-16 281.6 = 55.3 257.2 £ 52.6 176.1 £ 26.3*
Implantations (total) 16.0 = 1.8(176) 13.2 = 4.4(158) 13.5+ 4.3(81)
Intrauterine deaths (total) 0.9 = 0.5(10) 0.6+ 1.0(7) 0.5+ 0.5(3)
Intrauterine mortality (%)* 5.7 3.2 39+ 6.6 3.4+ 3.7
Mean fetal body weight (g) 0.4354 = 0.0479 0.4273 = 0.0352 0.4218 = 0.0173

a Intrauterine mortality (%)= (Number of intrauterine deaths / Number of implantations) X 100
B = HEHE(R 7 2 7R 9. GD 13 Gestational day %7~

* ORHEREE & HET L 7oA A (P<0.05) BT
= R EREE & M L 2o (P<0.01) AR T

—@— Control
—O— As 20 mg/kg
—/\v— As 50 mg/L

0 L L L L L L L L L L L L L L L J
N s X s e A sy N>
S P SRS N

FFIPFIFFIFIFRIISPS TS

f——— Dosing period ————

X1 EFRBEGRIAH,S15R) ICH 2 BENORKE
# RPBRRE L LB L 2 AT M (P < 0.05) BT
XTI L B L 2 B (P < 0.01) 2R

felt e, REROWTNOMEETD v A
Eh, BEW OIS L OEE T, (2T R
BTSN BREBROLREHIREL L
B2 L RiEL D BROTPEIRETH - 7257,
fElRB L ORERICS e Ehmih s ns 7,
SHHREET S T MmO LR S h 7z (R2).

3. RRIER DR REFRIIRES

— @05 2~3LD I & MAEAIZEB LT,
fx o FHIN(3.1), MR (3.2), 45 EHE(3.3) D
Al 2 47 - 7.

3.1 B{DEHE

fiiis 16 H o i o 5538 (K 2A~E) 2 51l L
7RG, XHERE & As 20 mg/kg X G- RED I
EREIAONT, CERGICL B EEITHD

12

X2 ELZEREBEZOBIVSLVREABPOLREE

Group Control As 20 mg/kg
Number of dams 3 3
Liver 1.02 £ 0.27 35.25 £ 11.75*
Placenta 3.26 = 0.71 39.76 = 9.07*
Fetuses 0.13 £ 0.05 13.11 = 2.84™
Brain (fetuses) 0.01 = 0.00 1.43 = 0.13*

EIZ P51 (ng/g tissue) * AR 2R
Tt Ia)e s L ORI THERN L 72
oot HEEE & I L 72 T (P<0.0D) 2R .

bNdro72(R3).
3.2 #mEasE

FRE O = v 2 Vgt B X S TUNEL B4 (%
#H3A~CIZ, Ml ER4IIRL. JE
16 HOMZ = v A Vg, K4I1ZRL7
25 IR (27 ) T ORI LRI IZ BT S
W B % 6 BEBEE O 400 15 HLEF T TBIZ L /2.
BILEORER, WO &5 THRSE AR 7 -
TV, WREEE b ERE5HLE O I
FhEIAON Lo B, MG
TUNELFMEZRL, 7TRE—=VATHBHI L
ZHERL 72 (K3A~C).
3.3 UrCEMbE X > H3BMEMA

) VERfbe A b Y H3EM %% X3D~FIC
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X2 BaREEOEHRIERAL (Baks 16 B)
A RIGofiErRE, B, KMot C. KMEEOIES, D. gilh & dlik & OB offEss, E. Pliofis
x3 bEXRBEEROREROEE (BBE168)
Group Control As 20 mg/kg
Number of fetuses 16 14
A: Longitudinal diameter of cerebrum (mm) 3.0 = 0.1 3.1 = 0.1
B: Lateral diameter of cerebrum (mm) 4.0 = 0.1 39 = 0.1
C: Thickness of cerebral cortex (um) 220 = 34 221 = 23
D: Longitudinal diameter of boundan; fa;s:e_ and mid.beain (mm) 34 + 02 35 + 0.2
E: Lateral diameter of midbrain (mm) 24 + 0.1 2.3 = 0.1
EIRPIE = BEREL RS, JHELOFERZIAON P o7
3 bEFBRERORIMROXRE ERIEE
(Ba#s168, LERIE— v ZRIEES LIV TUNELSE, FEIZY S EB{bEE X b H3%®)
(A, D)XEERE, (B, E)As 20 mg/kg# 58, (C, F)As 50 mg/Lix5H
GRS O R E 2R, AL TUNEL B IEmie 2R
mL7:. Jhi16 Holiz ) Y Efbe X + > H3 PR CBIgE L7z, BIROMKR, MoK Ty
geft L, B5ITR L7z &3 (16 3I8) (281 PRI 2 > T /22, R L e x5
LIMEFORBICEL TV ERONHIORED Y TEE DB TIIBE AT ALN P57,
YIRfbe X b H3b ML, 3 7%bbMas 3.4 HFIA-LTILREROSH
H N & B MR & A B EE D 400 R 6 e 16 H ol 2 THHt L, i o I 10 4%
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6 EFEBRBHEOBERICHITIZHTI-IT I REEZOIH
(Ba# 16 H, Tyrosine Hydroxylase 4t€&)
(A, D)xtIEEE, (B, E)As 20 mg/kg#x 5%, (C, F)As 50 mg/LF%5 5

RSP DR IGE 2 7R T

7 EXBBEROREBICE T B5-HTHEZODT (BREE16 B, 5-HT%®)
(A, D)xfBE#: (B, E)As 20 mg/kg#%5-#, (C, F)As 50 mg/L#%5-4
G EIMGEIROIE G 2 R

EB L OEERET("6A~C), HEHLT
B SR (K6D~F) 12815 % TH Bkl 3
X ORI EHRAE D 294 & 8152 L 72 Cof IR 5 140
W65, As 20 mg/kg¥t 5 #f 5 180K JE/6 04,
As 50 mg/L¥ 58 1258 /5 18) . B0 5,
MR L OB EE BITHTa— VT I V%
TRAZE DA\ B & OWE LR EIALNE
o 7.
3.5 5-HT#HEEZOH A

JiH 16 H offix Gt 1515 V8/8)16, As 20 mg/kg

PG 130RIE/7TI8) 2 5-HT 3t L, Fo
TR (R 7A~C), IEH#EHR% (K7D~
F) #3881 % 5-HT Btk o 554 % Bi52 L
72, ZORERE, As 50 mg/L¥% 58 Tl xR
LDOPEELRETAON L o7z As 20 mglkg
Pe G BE LI MR RS, IR IR S
7225, 5-HT BN o 5345 (5 Bl & 7258
GEP) RO SNz, Z00, TGS
X OIEARERALIC B B 5-HT B MMl % 5 2
ToAG A, WFHERE & FE L T As 20 mg/kg ¥ 5-HE
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x4 FBBERORERICHTS5-HTHMEMRE (faE16 )

Group Control As 20 mg/kg
Number of dams 8 7
Number of fetuses 15 13

Dorsal raphe (count/area) 218.0 = 120.3 169.6 = 49.7
Median raphe (count/area) 156.0 = 70.0 115.0 = 31.7
Total (count/area) 374.0 = 136.5 284.6 + 55.7*

TPl = B R 2 2 R T
*ORHREE & Hed L 72 B (P<0.05) ZOR T

H
X8 5-HT#HERZOShHE BRE16H, EHRR)

180000 —@— Control

800000 [ 160000 As 20 mgke
700000 140000
600000 [ . o 120000 [
oL 500000 s 5 100000
§. 400000 [ 80000 [
300000 [ 60000 [
200000 [ 40000 [
100000 [ 20000 [

A © Control As 20 mg/kg B ©
160000 160000 [
—@— Control —@— Control
140000 140000 [
—O— As 20 mg/kg —O— As 20 mg/kg
120000 120000
Ng 100000 &L 100000 [
80000 % 80000 [
60000 [ 60000 [~
40000 [ 40000
20000 [ 20000 [~
O 1 1 1 1 1 1 0 1 1 1 1
C A B C D E F G H D A B C D E F G H

9 EFXFBERORERICETZ5-HTHEMBEOS W BRE16H)
* xPHEEE L R L 7oA (P < 0.05) 2R,

= RPHATE L I L 7oA (P < 0.01) AR T

A, IR

B. S#HEIIZ BT 2 B L ONIE e O T RE

C. SHHINIZ BT 2 B HIRERAL O i FE

D. SHHINIZ BT B IE P RERIAL O TR
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DRI A LT/ (3R 4).

As 20 mg/kg ¥ G-HEIZ BT, ED5-HT Mk
IR T A % AN HERR S A 72012, 5-HT
5 P00 e oD T ik 7 TR T LS C AL L 7 Ok IR
1606 J2/508, As 20 mg/kgk 5- #1404
W/6HE). MR ORER, As 20 mglkg P& 5-#F
T3 5-HT BB o ik 234 B2 L ¢
W7z (F9A). X512, Wl d & A~ 8 FHisk
(B 8A~H) 25T TIAMT L 7245 2%, 5-HT #kE
MR D o3 A BRI 221 e > (I 2 IR
NGADYE =7 BBE LTV LR TIE W) 25,
RS IR CHIBEE L DA L, CBXUF
HBTIIAEEENALNZ(KOB). /-, &
HIRE A (HOC) B X O IEH &4 (I 9D) 12
G0 C 5-HT B VAl e o 1 R 2 MR BT L 7 s 28,
MR & B 12 As 20 mg/kg % 5-5 Tl3 o HE B
I WAL, HHFESRE(CB XU F#HIE) T
EHEEENA LN

EE
AREEBRTIX, eE25y bOFIRIH DS 15

Ho7HE, sailfE 45 (20 mg/kg) F 7213 8K
$5-(50 mg/L) L, M#i16 H O~ DEEIZD
WCORRET L 72,

As 20 mg/kg %58 TIIAREB X OB &0
oo 72 REEIEEE SR S 2R, IR IR T,
JEIBARE, TRIRMOKRE SICITEE ALY,
5-HT RO EITE 2 KT TR RGO
72. As 50 mg/L¥%5-BE CIXREE) Wy (2 AR T84 i
HlASA S 723, Ia VeI TN FE o ) 5 3,
WS D5, AT a— VT IV RMRB
X O 5-HT #fEBE O A IR IRBE & DT A LN
Lozl END, As 20 mgkg B GHE L D DK
M OBERE TIIREMOIEICEEL RITS v
EEZHNT.

In vitroFRERCTlE b FWEFE I X 0 AuEsH R 2
FIFEDSFHFEFR EN D Z EAME SN T B Y,
¥/, 7 v MAROKNoOMCHaR#ETlde
FBZEIC X VHRRIEDOEIN L 22 (LA b L AD
FrENY, WHT v FAD 20 mg/kg (28 H )
F 72131 mg/kg (62 H ) OFEOAH 52 X ) FH
L7 LR b L ADSKINE & OV o sl
ERA SRV LHE STV ThHD

et

W A o v FEEE NG BRI BT 2 Mifse
FRL, BIEMIC BT 5 igieailie o 525812
L BAT T REMEASH A Z L ZRBLTWA.
D & )RR BT 2 Ml O F T 1L ¢ Kk
WX BMBISTH B EEZ SN0, AFEER
O eI IS eI B3, BRIER T
DL R O BAGHIC B B SN h o
72. TOERKE L TIX, in vitro, in vivo5HiZ
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