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Behavioral disorder induced by prenatal exposure to cytosine arabinoside in mice

Shinpei MATSUI*, Yuki FUITWARA*, Ryosuke TAKAOKA**, Yuki KOBAYASHI** and
Junko TATSUMI-MIYAJIMA* **

It has been reported in epidemiological studies that prenatal exposure to chemicals such as
polychlorinated biphenyl, valproic acid and nicotine during pregnancy increases the risk of
developmental disab@s in childhood. In this study, we examined neurobehavioral characteristics
in offspring naturally delivered from dams treated with cytosine arabinoside (cytosine-#D-arabino-
furanoside ; Ara-C) to/elucidate the association between the prenatal exposure to chemicals and the
behavioral disorder, in the open field test, Ara-C prenatally exposed offspring showed a higher
activity than control mice (p<0.05). The inhibitory avoidance response in elevated T-maze test and
the freezing response in elevated plat-form test was signiﬁcantlyxincreased in the Ara-C exposed
mice compared to the control mice (p<0.05 or p<0.01). On the other hand, the memory
performance in passive avoidance test did not significantly differ between control and Ara-C
exposed groups. The concentration of dopamine and serotonin in the brain was significantly
increased in Ara-C exposed compared mice to the control mice (p<0.05 or p<0.01). These findings
suggest that the prenatal exposure to Ara-C induces behavioral disorder such as increased anxiety
to be reflected by the quantitative changes of serotonin and dopamine in the brain of offspring.
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Ara-C (CAS 147-94-4, Sigma #£81) 1%, 5, 10, 15 mg/5 m&
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725, AHBBIILBILIR D~ 7 A7 OHAIR & L.
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ABEEN M H> b RKIBES B (escapef TEN 2 BIER S
53HbD0TH5.

2.3.3 ZHMEIHAR

9 BERFIZER L. AT v 7 AN —EIZ BRI ER
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i% Student D t BEZITV, SRERLEOEEIT—TER
DLESHT (ANOVA) T Tukey-Kramer D FEIZ K> TF
EZRD, REXITo7.
2.5 GEBA~NOEK

WThOERY HESAFBMERSE | CHERLT, [
BRARZFHMERZRS ) DK (KASE-21-007) 2% TE
i ToT. EALEMDEBHZICH > TiL, FIREARFRY
EROLRVFEERAWT, ZERICB T AMEEICERL
7=,

3 B8R

3.1 BEMIHTIEE

5 mg/kg bw, 10 mg/kg bw 33 X T8 15 mg/kg bw 5 DEH
EHOBEMITIL, BE%H» LA E CREIIRE S
e, e, AEEMNCBWTELBRIM L FEREIT
BOONRDPoIC. TROL, ARRFH T TO AraC &
ERIBSMHOEBHRBICERE L 5 X ot £,
Ara-C 5 DFBIZI T 5 HEREIT BEEOHERKIC
KB L THERZIRD bhieroTr,

3.2 HRAEOERER

5 Ara-CIRBEREICR VW T HA RO RICHBRE L
ORMICHEERZIROONAR o7, e, HEROKE
BIMZ 3T Ara-CHREE U 7= & B & ot FREEOD R I e &
LIZHFAFEHNRERREIRD N AN, 2B, Figl
WIATERBRICAWE~ Y 2D Bl L BREDOFRE T
T. FEHSMEOVWTHROEROSFHRREHIZE VTS,
Ara-C BEOE BT BRI HE L TR FRNICHERE
IO NPT, £, EOTBREREDTHREN
CEWTHRBRICAEERETIRBD bz ofe

3.3 TEEER

THRRICAV-BEEEL, A7 74—V FHBRR,
AR T FRERRE X OZBHERFAR CIIxtBEE 16
UC (FHA#SIT), Ara-C 5 mg/kg bw B EEE 23T (Bfk
$ 6 IC), 10 mg/kg bw ¥ 58F 8 IT (FHA%K 3 IT), 15 mg/kg
bw 58 250C (BE#5C) Thot. £/, BERT
7 v b 74— LR T, B 10 IT (B4%2 3 IT), Ara-C
15 mg/kg bw ¥¢ 58 10T (B3 Thotk
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Fig.1 Comparison in growth between the Ara-C prenatally
exposed mice and the control mice. Values are mean +
SDM. The weight of the prenatal exposure of Ara-C
groups was not different from the control group. Control,
n=16, 5 mg/kg bw; n=23, 10 mg/kg bw, n=8, 15 mg/kg
bw; n=25.

331 A—TFr 71— FHER

Ok LLFFR

Ara-C BEOEFHOFLERIZENTIL, MREE L
BLTHEREIRO b0 7.
OXEB K

Fig2 Io™T X 512, RCD AraC BEBIZINT
ZEXEHR LB - 2B (RESHELK) MNERICH
LTV 2 (ANOVA test, p<0.05 E£7-1% p<0.01). (7=,
BREEIKE L CREBESHRI BT 2ER3ED 5
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Fig.2 The number of line crossings of ambulation in the open
field test. Values are mean + SEM. *=p<0.05, **=p<0.01
compared to the control group. Control; n=16, 5 mg/kg

bw; n=23, 10 mg/kg bw; n=8, 15 mg/kg bw; n=25.



BIYHHEEBE #4495 23
. BT 15 mg/kg bw BT, ARRBECHE~15 &
DXEBEFE R LI 250 -
OB - HER%K
Ara-C B DA BEOMEIC 11T, MRBEOIE & b L ]
THEAZERBDLNARIST, -
N Ocontrol
DFaIlarR 5 o5 mg/kg bw
Ara-C IRFE O ZBOEIC BT, /BB & B L 100 10 mg/kg bw
THEREIRD DN o7, - 1S riglks b
ONANFNUNCIE- ¢ i
AraC REOKBECTIL, RHBBEL B L CHERER N N et
Baseline Avoidance Escape

BObhirhrot.

3.3.2 BEALTFARAR

Ara-C 15 mg/kg bw BEIZRW T, 1 BB DRIT (REAT
B} : baseline) TIIfth OB & LB L THEREMABH b
7= (ANOVA test, p<0.05). baseline iZ X > T&MEAFIT 4T
SO 2 BIBDRIT (G- & Bt & [E8E3 2178 -
avoidance) TIXT TP Ara-C BBEHICBWVWTHERE
MABRH HN 7= (ANOVA test, 5, 10mgkg bw; p<0.01,
15mg/kg bw; p<0.05). L72>L, escape (ARERYRMMHE D
RBTEY) ITIIBERZETRD bz ho 7=(Fig.3).

3.3.3 ZEMOEBAR

FEEA L TO training FHIZFWT, % Ara-C BBFTERE
L RBERICIIMEAENICBEERETR D b s o 7.
T, FERERDD LIT 40 5% DORIT L 24 Btk DRAT
ZEM L7, BEDPOREEICASRMIISRER LR
HOMIZZIIRBD bhRrol Figd). Tihbb, LE
REFHRICIIAERENRD b Ao,

334 BEKLTSY FI+r—LEER

Fig. 51279 K 512, Ara-C 15 mg/kg bw BED T K AT
By Frhs i, AHRBERICHEB L TR 25 L2 Y, BEEHOIC
A ERHEMHZRD b7 (student’s t test; p<0.01).

Fig.3 Effects of prenatal exposure of Ara-C on inhibitory
avoidance and escape latencies in the elevated T-maze.
Values are mean + SEM. *=p<0.05 or **=p<0.01
compared to the control group in the same trial (ANOVA
test). Control; n=16, 5 mg/kg bw; n=23, 10 mg/kg bw;
n=8, 15 mg/kg bw; n=25.
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Fig.4 Step-through passive avoidance test. The latency of the
mice entering the dark compartment was recorded 40 min
and 24 hours after the training session. Between the
latencies of the prenatal exposed and control groups were
not significant (ANOVA test). Values are mean + SEM.
Control: n=16, 5 mg/kg bw: n=23, 10 mg/kg bw: n=8, 15
mg/kg bw: n=25.
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Fig.5 Effects of prenatal exposure of Ara-C on the duration of
freezing in the elevated open-platform test. Values are
mean + SEM. **¥=p<0.01 compared to the control group
(Student’s t-test). Control;, n=10, 15 mg/kg bw; n=10.

3.3.5 WHEOBRLKENE/7IVBREER

AIREE L& AraC BBEHOMBMERIIIAERET
BObhihol. MEEE L THAIZITo ANERER
£, KIMEREERB X UKMHEREIL, & Ara-C BB
BWCHBHL W b ARBIT/NES L 2o T (p<0.05 7=
X p<0.01). —F, /NIRIZDOVWTII/IVBERHE, B E biZ
ARRENBD LN o7 (Fig.6).

*tHBEE & Ara-C 15mg/kg bw BEDOBi % fiH L, & ERAL
12817 % DA & SHT DEE 1T o7 #R, Ara-C 15mg/kg
bw BETIIREE, KNERE, BBRIURIMEICET 2
DA B (ng/g-wet tissue) DHEN (Fig7) 3 X UMREIE,
HEERB X ORMEIZET 5 SHT BE (ng/g-wet tissue) D
i (Fig8) AR LN (p<0.01 E72iX p<0.05). IR
PRk L BB TiX SHT BEOFRE M CHREEOK 3 1%
DRE) BRH LI

4 EE

JRIREAIZ Ara-C IZIRE S W - EBICRBWTHREREMN, &
HoLSERE A, TTEIRETRRRT I /R L B LR
BRERROONEPoZ LD, IR 13,14 BIZBIT
% Ara-C 15 mg/kg bw £ TOREMW~DOHEEIX, HAELE
ROBERBIZREREBERIIIRP2IEEZDN
5. LiedoT, TBHRREERLIEHTHS 700
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Fig.6 Anatomical sizes of cerebellum and cerebrum. The

cerebellum sizes of the prenatal exposure of Ara-C
groups were not different from the control group. On the
other hand, cerebrum sizes were significantly decreased
in the prenatal expoure groups compared to the control
group. *=p<0.05 or **=p<0.01 compared to the control
group (ANOVA test). Control; n=16, 5 mg/kg bw; n=23,
10 mg/kg bw; n=8, 15 mg/kg bw;, n=25.
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Fig.7 Effects of prenatal exposure of Ara-C on the concentra-
tion of dopamine in the brain at 10 weeks old. Values
are mean + SEM. *=p< 0.05 or **=p < 0.01 compared
to control group (Student’s t-test). Control; n=5, 15
mg/kg bw, n=5.
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Fig.8 Effects of prenatal exposure of Ara-C on the concentra-
tion of SHT in the brain at 10 weeks old. Values are
mean = SEM. *=p< 0.05 or **=p < 0.01 compared to the
control group (Student’s t-test). Control;n=5, 15 mg/kg

bw; n=5.

10 B TREIHCEERD 2 L2 X 5 TE~OREIX
AELTCW Dol bEXDND. 2D LT, ITEHRRIC
X o TEDOBREHFERFE - RIBETRDITITEER Z
ETHY, AFEOREEEICELT 2THORE 2i0iE
THRICIREN R THoT L EX .

F—T T 4=V FEVWIFHFRETIZEWT, 7T
D Ara-C BERIZEW ORI LR L CHRIZKER
U2 EIE (KEBEED MAEMmL e, 7o, B
BITERELTHEAEML W2 LiITX Y, Thad Ara-C
BREICERATIHOLMETES. L, ZOLEMEN,
BEREIZL D LOPRLTHO—EEZR L TS O0IT,
ZOEEOFTOHZTIIAATH S, £, FEDFERL
LTRAVONDBE - ERESEDESDEIRTHDH L &
N3HFROESICIL, SRR L LR THEHEICE B &I
BObLIRIoT.

B T FZRE T, Ara-C BERIIA—T 74—
FRERTIIZEITH BT bbb T, IO TEINI
7a—XRT7—LpbH2TEBX RSO0 1 EIBROHE
17 (baseline) 2BV TiX 1S mgkg bw BED 7 01— X R 7 —
AhbHH D E TORRMRFEREICHEML TV, 15 mgkg
bw B U ARRN e o —X F7—A5MNZ bRy
TERARRRENI EEBERL TS EEXLNS([19].

EHiz, —ERRL-AMEREYERLI O LT 526EA
DFRT (T EBMEIEE RD) Tk, RBEL L
THR_TD Ara-C BERIZRWC, ERERH A A B ICHEM
LTCWe, ZOZ L, Ara-CBREFICBWT—ERRL
= B 7 b DEBERISRTRS RoTWBHZ L EZRLTW
3., —F, A—TUT—LDORWIBWNT, 7a—XF7—
AZADETORMN GGBRER) 25T 2L, SREEL
% Ara-C BEHMIZBIT 22RO LN o7. Thid,
A =TT — DT DARERYEM I FREE b Ara-C 1RFE
BLLbizlmnied, RES 78 —X N7 —LIZADD
ENRRBOLNRONPTOTHAS. Fio, Ara-C BERIZ
IR RBROEESSECITBRZICREIBESN T, &
BATEN CRBRIGEND Z L3 ot BEX b A.

BEXT T v 74— ARRITBIT 3T BRI
RERI DA, EMITEBOIREIOER BRI D K 5 225k
HAR ZHEDT, BATA RLRARDZTHD Z b,
DEHR NV ARRTICBT 2800782 BT 5 Z
LMATRETH D L EDLN T B[20-22]. ZORBRRIZEBWNT,
Ara-C15 mg/kg bw B CIIAREICHEB L THRRICT K A
RIGOFHEEERIASEM L TER Y, BATIZIR T 2 ARREHIR
BN EERLTWA. 15 mg/kg bw BEIZBIT 5 HER
T FHKERER T baseline DR E BERT T v b7+
— ARBRTOT K ARGFHER I OF BRI, RER
BEATRMIRIGAHER L TVWAZ L ERLTWS., £, —
ERRLIBWHEZERL LS L5178 Ara-C B
DTRTTRD LN, ABFETERL S mgkg bw X,
ERIZ BIEERICAVC LN 3 BICICET 528, £0X D
REFHRPOBEMN~KETIHETHHELRRIZ
IS & BRSO & W o 7= EEMTEN D LA R
BRTVS.

—7, ZERELERRE AV TEBEEICHEbSREN L
40 K& L 24 FERE OFRERFIZOVWTRREIT o 7273,
Ara-C BT L ARBICIARRENRD DN D o 7.
TRbb, FERBTHOREL ZBMEBRRIZE -
TRESNWERIIERELIRP o EEILNS.

LL, Ry a v 7 &0 ) BRORIBIL, Ara-C DEREE
WX o TILADREEESEBRENR DL LT,
AERTRELE X RBHORL R~ 7 RIZx L
T, EEECFTRANGEVE RETICHEAR & 2RR T
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bbb LhRV. FFETHW-ZBRERRO X 5
RBMREEEX T, TOREBERILOLRARIV L,
N\ F %% (Radial 8-arms maze)[231D & 5 2B &Iz 5t
THFEEBETHERH2RAROFBET b Ly,

M DOFERBIZ BT, T TD Ara-C BREFHO KHOK
TS (KMERERE, ANEREERE, AR TFE
IZ/hEL2oTWW e, LAaL, /Mis#E /DMBERIKIZIZ,
BEREX R oT, LMo T, AraCBREICX>TK
EREIZRBVTHIEL TWHHRIZT R b— 24T
T[R2]#ERag DR D72 E OB £ U m et 2 R~ L
TW5.

M6 R Ara-C BREEIZ L B FEMTEIOELIZOWVWTIL, 7
v hOEHR 19.5 & 20.5 BIZ Ara-C 30 mg/kg bw % A i
ERES L, Bl AR OITEINHE RBEROITE Z R
T (FLsvxfreeay (PP) RRICEBEIZR
JGDIET) & Elmer bA38E L TW5[24]. THRENLT 4
URT V7= H IR ED DA EBIEERE S8
X DA BRIZEDTTHEZ R L, PPl OEE %535 5[25,26]
DT, Elmer b D&, A DA REZFHAI L Tz
DTRATH B2, IRH Ara-C RS DA R aELE
&, PPIEER£EUAEELELLNS.

REREO—DOTH S BMEIZRV TS PPI EENHR
HIhTWa. 37hbb, BEHELEHT 21 X ER
HOBM LT X EEBHETT /L~ T R8T PPI AR
ERWTEBERIGOETAREINTWART7]. £/,
DEBEETT LT RAIZEWTH PPI OEENEBD LN
TW2[28]. ABFRIZL o THEL N IRIRH Ara-C BT~
U AL, PPl RRZER L CRVO THRERBESE 21X
BERE L BEIXTE 2V, BEMTEHICRE 2 RT L)
R T Elmer b D8EIZFEILL TR

RPN DA EH800 & RLARATEIEMZES LTI, BBIRANIC
EPR7x/—)V A ZBRBEINHE~SY RAORKIZHE~Y
RIZBWTRERATEMEM L IXA DA EHEMAHEIHL
TW3B[29]. Lizdio T, AHFEIZRITDIEIRH Ara-C B
B~ U ARV THINA DA EOBEMARLERITE 218
MERZOTRARVNLEZILNS.

(70, HIR9 BRDHIRT v MZY Y F=4 K, 20
v amgih b vrExRE LT, EOHAERY BEE
ETNTy hELTWAHRERBHY, TbDT v b

T3S T SHT RE, RIERKE CDA REVNARICESR
L, Ao SHT BE OEMABE Ih TV 5([30]. BERLE
& SHT OBHMRIZOWTIE, b FOBBERY F5 Ak
FIZB\WT2Mm SHT UL, E7213% SHT fofMmasR
HHN TRV, S-HT #EA (SERT) &= (SLC6A4)
DRFURAT =y 7= R, RETE 2 & OB BER
Te#hz L, 2o/ SHT MR LTWA[31]. £z, Fi
FEROFBREEICIT SHT O&fkixt FEBX W -
HEREDICALTEEEL W3 ¢ 8ELH H[32)].
AFFFETIE, PRSI ORI Ara-C % BFE L
R U RZRBWTEBITHRRY AV T8, AL LB
RS, 8 - EBOTBOHAEER L. Thbn
LETRET COSBM L AR LEBMRISICARRESR
AL ¥/, BIRH Ara-C BEIX, HAELEZROMA
DE)TIVEOBREZELIETWD I LE R L.
L7ed3o T, Ara-C lMNE ) 7 I VEBOELORBE LT
BEETEOREZIEBILLLEEXLND. LENST,
APFEOBRE T 2R EHOILFWHEBREIZ L > TTH
REEZETHVRAOFHICIIRIILIcLEAXS.
L%, 2RO OBEEBTHORE N MBI 3 BPE
FIIRAKRPIE L BBET 200 E 5 0% PPl R0
SURRRELEML TRARILENH D LELDLND.
Ei, B/ T IVROEMBREDL I RAN=XATREZ
STEDPOFARDBUERHD EEZILND.
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