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Developmental Abnormalities in Neural Circuits
in the Hippocampus of Infant Rats
with Methylazoxymethanol-induced Microcephaly

Eri NAKAMURA*, Minoru INOUYE** and Yoshimi ITQ***

Abstract

The abnormal development of local neural circuits in the hippocampus of infant rats
with methylazoxymethanol (MAM)-induced microcephaly (MAM rats) was examined
morphologically. MAM-rats were obtained from dams intraperitoneally injected with
MAM (20 mg/kg) on the 15th day of gestation. Rat pups at postnatal day 1, 3 or 7 were
anesthetized and intracardially perfused with 4% formaldehyde. Small crystals of Dil
were inserted into the CA1 of stratum pyramidale of hippocampus slices with a fine glass
needle. Additional brain samples were embedded in paraffin, sectioned and stained with
cresyl violet. In 1-day-old MAM-rats, although cytoarchitecture of the stratum
pyramidale stained with cresyl violet compared to that of controls, Dil-labeled pyramidal
neurons showed high packing densities with poorly developed dendritic branches. In the
age-matched ‘control, many Dil-labeled pyramidal neurons were orderly lined up and they
had well-developed dendritic plexus. On day 3 and 7 the developmental abnormality of
the local circuits in CAl became more remarkable in both cresyl violet-stained and
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Dil-labeled sections. This showed that the abnormality of neural network was more
striking when compared with the abnormal arrangement of neuronal somata in the

hippocamcus of MAM rats shortly after birth.

Key words : /NEEFE (microcephaly), #3685 (Dil), %2 (development), #%EEs (neural
circuits), #¥% (hippocampus)

I. F&E & B

S, R TP B AT T 5, OB, FREMODSE LVWER
BhHFbhs, $ETCHERATHE EA TV W SOIhDEEOCERL G4 CEE IS
5, GEEFFIETR, BFEEXREETAB EEPATWREBED, 40 CaNORER
BEES, TofTBREOFRRTHS L5 RENMEDR TS, FARkE, SRESERET
HERIhS Lo EBRGEBEED, BFAELRA U ERINOBENEETHS
EEZHRTW5 (B, 1988),

& OOBIRIIH S O DREEDBLETH S, MOFML L ARBBEIh-0H 5
SH, DOBEILEROBE LRI SEBEOERENRY BisT & &, NRICRBIZEH
DEEINDZ LXERCE o, BITEEFRCI D 7 /5 A3 h A REBEY < —
AR Liehib, WA, FHEM, HEBRIBEOREYEA L TEY, WEkYEL N
LEEXFTSH OB, 1995 a),

—BOCEE, M, B, BE O RS FBRD) 7t L oRmaIEDE R
Hidhs, ThbORRMERLT, REZERCHHHEABCAMYRITDETS, B
FHEEREOR—NRERIC LI WV EL B EE 2 LR S (iHE, 1995b), = 5 LiEkigas
EVCHEERERIC VR, LDHES, BHEZSCET 54 oMERThbhTwb, L
T, BAMEEREOTRCH5WRERBOREREXMET 5icdic, HaRER
= F ABWARE bR T B,

ERLIEEBRBESHEECRER YLD, EFALBYOERYERL T4 DEBRS
AT\ 5 (Nakamura et al, 1982 %, 1982, 1983 M5, 1980, 1981). Zmrhic
BAFAT Y F227 -1 (MAM) ZHW-RERES v + (@FESiz MAM 285X
NI Ty PADEIRILFT » VIVNBEERZEETS) OTBHEECET 2854 A
bhad (M, 1991, Sugioka & Yamadori, 1991, 1992 ; %/ &, 1981), FiRoERZH
WIBESE, EREBWTRAETH B D, B TREL hbRERESE, BREERCE
TERBEETVEBYOMFRRD, BENIGAY B E LTHES < fThh T (Cattabeni et
al,, 1997 ; Chevassus-au-Louis, 1999),
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AEE, MAMXBEWCONEEEF L5 v  2ERL, SRS 1T - T\ 5 (Funaha-
shi et al,, 1992, 1993, 1994, 1998 ; Funahashi, 1989, 1990, 1995a, 1995b), J34&DHZRE, i
O MAM ZB WA T » + (E5 90 B 2R FELTWBZ LT,
v b (EE1HER, 2808 ZHRCL, MOBZCEXLZ R WURR L TV 5 8048
BThH5b, _

MAM#EES v b OBEIRIFS v Mid, MOEBRAREYE- Tk, #4255
TAMDLLREFAREIhD, MOWRBRE LTHRYE L OBE I, BRI
DHATRNED, FRSBEOBRHNIEFELRDLIATHD, T H v o BENDOE
b, FOXHRRAL, ThREENCIZED L 31Cito TWL Ohd 5 ERNMRR R
nB, MAMBES v FHBETHhICFT v oW Til, MY, REESEN, B85
AEEFR, EHEEN, SEN, TEBENS20RHNThbhT\5 (Spatz et al, 1968 ;
Haddad et al,, 1972 ; Singh, 1978, 1980 ; Singh et al., 1983 ; Ohnston et al., 1979 ; Cannon-
Spoor et al., 1983 ; Ashwell, 1987 ; s, 2000), FRBHANCI, IR & ORI MAM
PRETHE, FOBOMIK, FOREORENKIZONIEE I T\ B, KEZK
ik MAM o# 58, B PR ERTWS, THFENCREOBOTET X F i\
TREBRH A, BREIWEEBEIEATS005 5 KA KLS Qo bl &bk
EhT\wb,

7y b OMEARORERB I T TCHERACARNLRATW5D T, BEHEs A MAM
7y P ORBERELZRETHZ LR THRTETH B, LvLiasts, £Emo MAM
7 v + OBRBEAIBRIL, THETbhThitl, EdBR<EX 51, BES v b °F
REhBRER, REMIVWolE, FoX 5L UBREShSp2RET S 2 L REET
BEETHHEEZDNS,

8 (1996) Xz hE T, MAMBES v t bETRA4E 1 BE, 28 HBOFS »
FEAWT, KBEE, EESOMRERBEEOBBENRE 2T > 5, LaLisi,
BRICOWTE, £5% 11 AROLZEZHEFNCRE L TE Y, S8 oREcs > B 3fTh
nfbkwc%:fKM%fm,m@%%v&»a,Wﬁﬁ%v&»ozooﬁﬁév&»
TOEBOFFICH S EE, HREEWCRFETAZLXENEL, 4581, 3, 7THROF
7y FOBERT -7,

EZEEOETILEY L L TOMAMNEE S v b

/NERFE VLB {ERY/NREE (genetic microencephaly) &, A& RITS, ¥4 4 ARYLE,
B, (CEWE BRKERY) Sk pMREEEE, T AEY - 4Rk
5 EBRSRAE, {KMKE, BMERTOLE (CBMHEASE X 5MREEE X B ESE
HRfE (acquired microencephaly) 43 ha s, BEROFRHEL L OBRKEE bR 5 (E

- 113 —




BEUEBEE 58135 (200D

1L, 1975 ; Dekaban, 1970 ; Nelson, 1969), MEHEHIRIC X HEZEOFTIZ, F 5 &0
BUR/NEEM X < abh T (Otake, 1989),

MAM 7 » + O/NBEEOFEBREF L, KEMEE OSSR ENCFRYE 0 BB CRESH
fa (ventricular celD) @ DNA ARAEEINSZ LILY - THEHROELENEE XA,
X DIDERD 5N EMEHROBIBEATHZ ENRERD—2TH B EBEIATWS

(A, 1979, &< OB T, EIR 14 H, 15 Hic MAM 285 L1=fF5 v F O/NEREM
BERT, —HErl—clBL, BEERDD, 7 v ORE (strain) BB REL, X
BERCEERROI T Y, T 1EU EREFETETHL EHBEIh TS (Spat &
Laqueur, 1968),

. # &
ZEOBHOBREZAXEIIEOB L L, HKISAD T » + (Wistar 5% ; H4& SLO) iz,
methylazoxymethanol (MAM) # 20 mg/kg D#REEC1E, BEEMCEN L. B

RA—EREO 7 » M CERHREKCERENCES Lic. BRDHO%R, HERRAKIR
Wi AT, £BRIAM, 3 AR, 7HROFS v F HERICAV,

TEREBERAAET

(1) zvenristiry iy

FHEBOFT v IERV P AL E R - L CHEREEE LB, DS OEREEYER L
T BB 4% T 7+ VAT ATE FR0.1M YV VEREERICE M L -EE®K (pH 7.4,
4RV, EREEHCHEZEEL, toBRBEOBRERTTT7 AREEY LThbNe
B% 774 VER LI, FE 10 um ORENESROF 2ERL, ¥5Fva—t-254
FZFREZ=IY P LThb, ZvsnsSfitrvy VREPERLE, L6, 7ra—n
BKZEC=v77v=a— (Merck) CHAL, BEONFEREC L VEE LT,

(2) BCERERIE

FVINAAF vy P REREFRROFETHRBEYERL, FOoBRREOEEK TS5 H
PlEERS Lic, BAEHEERT5 3 B-7 HACKEEER LRI EL, 0.1M ¥ vE
BERFIC 4 CTREL, BEERPHESE Lic, MEEEOERICII A Fr T = vikaE
Dil (1,I'-dictadecyl-3,3,3’,3’~tetramethyl-indocarbocyanine perchlorate ; Molecular
Probe) &M\ iz, SEEEME T T 2-3mm EORENTA #ERL, ESoMV 75 A ¢
~ v b GEROER 30-50 pm) T Dil O/NMEREFEBITHEA Lic, BEHA % 25C, 0.1M Y
VEREEAEEAEK (PBS: 1% 724bF b Y U AR T, 1BEAvFat—>avl
oo TOE=A 7 v A5 A% —TEX 45 um OBEFTA REE U, B 3y vEEE
BH 4 CT—RRFL, BEEME T oHE L, DIt L hBELLT WO T, X
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RELEERYER L,

m. #R

7 v O ERSNAERED Vv <A CRIgAN & Lic & TOAMEE L BEY, B Fig.
1D ARRT, BERRMEEORACEARAENS X 5 CHFEEL T3, Fig. 10 B3,
BREOBEAKCTHY, MATHAMERIIATEICS OB L%E CA1 (Cornu Am-
monis 1) F|IEERT,

Fig. 1 A: A schematic drawing of a coronal section of the rat brain.
B : A schematic chart of the rat hippocampus. The area within the rectangle
indicates the CAl hippocampus sampling area.
CC corpus callosum, HIPPO hippocampus, LGN lateral geniculate nucleus.
Alv alveus, Or stratum oriens, Py stratum pyramidale, Rad stratum radiatum,
LMol stratum lacunosum-moleculare, g stratum granulare, DG dentate gyrus, F
fimbria.
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Fig. 2 ic MAM -7 » + EBEHO S » MEOTHOEE Y 7T (EASKHBE, A
MAM 7 v +), AAE 1 HEBOS v F O, Bil4E#E 3 HEBOS v F NPT+, MAM
Z v PRTHRR L T A L 2N E T o T B, £ MAM 5 v DK & Tk
BElT, HBHEIEETS LT TRl HBAOABAEDRERLNEETHD, F0ik
DHEBICE WL, X HVEERL- T, LLisb, EoHRBIRBVTL/MN, M
CIEREBERLELZ LR,

Fig. 2 Dorsal view of brains of control-rats (left) and MAM-rats (right). Arrowheads
and arrows indicate the superior and inferior colliculi, respectively. Bar=2 mm.
A : postnatal day 1. B : postnatal day 3.

Fig. 3R7veonsdirvy P REYFokMAM S v } LRBEOS » F BOBE
CA1FBOMIAEEYRT, A, C, E3IHcAE 1 B, 4% 3 A, &% 7 B ox BE
D7y FEOWEE CAl BEOMEBELRL, B, D, FRIECEE 1 B, 453 5,
£R 7 HERO MAM 5 v FOYEE CA 1 HIROMBEEEY T3, A & B TlFHEr
RKELENIADRIE, SEEMIEE (stratum pyramidale) &, MAM 5 v + T 3%
BRELRIBFICEFIE RT3, CEDIREWTIL, £+« 0OHASENL b RCHE IR
T %o COBBTIRIALBREBCTRALWEL >R BREDEVWALILAL L 51T
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B Tiebhb CoRBHCE RGBT sMR0ESIDE L EAL bR
2, D oERFH kWU, #EMREB R MR 0EANFHECALbRS X 5T
5, BFIORAR L VEMKBEEL (A% L, ThboEh, EMHFE~OBRE, J7x
bhfagifE s S LAE (stratum oriens) b L 1 XEEHIR (alveus) HRINDBEFRE TH
BT EDbhB, FONERECHAMET X - CTANMEERR L BENSEHL T io WAL
BEbhb, FLENEo#EMEA LB LOEEAREADRD, & HIHEKRR:
Z ik, DoBEcAbh O R#AHEE»D ERAES LEBEARE W 5 BRI
DENTH o7, & TIHSEEHREND THARNMIE L W5/l ich b E#iRE

(stratum radiatum) CEFEO#HEMRELOID Z L TH D,

Fig. 41z, MAM 7 v + L RBEHOT v  OMO#EE CA 1 HiKic k)5 Dil i X b E#H
TR & MBSO M AR T, A, C, EWRCESE 1 B, 453 Ak, £&7
HBOXMBEOS v Mo E CA L ER S5 DIl i X b 33 h o iRl & whigii
MooHfiwmL, EECLTCB, D, FilcEs 1 Hi, £43 B, £5 7 HBOERH
TR, A ORBEICR TR, SARE TS < o DIl ESgcEr A bh, Thbh
LI BA~FEE RO 5 RN SR (apical dendrite) &b b, LLidHB D
MAM 5 v b\ O, SEARRE I DI Bt kafazdind, LAE, KBS
HIEL THAHL T hEEMRSAA bR 5, EFtEod#aiasr MO sLEERER S
2% (anisotropic) A& b5, FHEL CRERRERIEV-CEIF#HELTADR
B, CEDIBWTIE, A BoOBRELEETHE, COXER, Do MAM 7 » F3cH
BH##EOXy 7 -2 ABEERTHWHZERRLRS, LhLEEELTULA BHELA
Be, DEGCELER TS LMERHEDOFR Yy v —2 307t Picv, C ORBREIZR
T, SEAEHIRE R B #ARE D b ERBE~EE 0 s LEMRERO KK (i)
BEZEZ bR, DO MAM 7 v MR WTIE, BELTHML O 58EMENSb0R
FEEREREORESA A LR, B OB T TREF LS LR TWRBERIGR DI
FALTWBIERADBNDEE L FERTixC, D oRE L HEET5 & EOXNER Fo
MAM 5 v b HREHED R v + 7 — 27 ORI REEL TR Y, —REECERNK
REOEIE NI SEHZRLND, LELERLENE, E o B MB8T5
A D HREANEE MU RERRERBOIEE REAADhAZ LWL T, FoO
MAM 5 » MIERB, BERBEWHEEL <57 L T 3860 5 0REEREROK
EREL LERMNE D, HRTE (packing density) &<k b, & v bV —7 O
75375‘&%‘ bhb,
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Fig. 3 Coronal sections through the hippocampus CA1 of control-rats (left) and MAM-rat
(right). Arrows and arrowheads indicate the stratum pyramidale and lateral venticle,
respectively. Magnification A, B: X50; C, D, E, FX25.

A, B: postnatal day 1. C, D: postnatal day 3. E, F: postnatal day 7.
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Fig. 4 Dil-labeled pyamidal cells, dendrites and fibers of hippocampus CA1 of control-
rats (left) and MAM-rats (rigth). Magnification X 75.
A, B: postnatal day 1. C, D: postnatal day 3. E, F: postnatal day 7.
p stratum pyramidale, r stratum radiatum, LMol stratum lacunosom-moleculare.

V. & =

KRBT, Fig 20 A, BERLXSE, MAM 7 v b DK ECRER LT
h, EEAEHL TS EE0LBRHLERTW5Z EBAERIH, BE 1979 o
HE—HULEENINEES v + ThBHZ LRI his,

MAM 7 » b TiR¥#E CAL1 26 CA2 IR\ T, HEBEBIITL LRI, 445
RS LRTEREMEAA LA, BRAETE ORI EINT B 2 L& ShT\w5

— 119 —




BHEILPE 135 (200D

(Singh, 1977, ZEBRE B\ Th, £5 3 AEASHESABEO LT HEFIRERTED LR

HE5wich, ERTHBRTIL ) EECEIESEIRENL LRI,

MAM iz X A EEEE T D\ Tk, MAM B50RHE] & BES S0 3 BSRERon
RREBE TR TV 5. EAMEDOEESED B b > CTAEBEL D L Bbh 50T,

B % Table 1 KF&7,

Table 1. Cellular ablations shown to be induced by singlé methylazoxymethanol treat-

ments at different time points during brain development in rat and/or mouse

(Cattabein & Luca, 1997)

Time of Administration, days |Brain Area Affected | Type of Cell Affected
Prenatal days

12 Hypothalamus GRF-and LHRH-positive cells

13 Hypothalamus GRF-and LHRH-positive cells
Cerebellum Purkinje cells
Thalamus Dorsal and magnocellular LGN
Strataum Patch cell

14 Hypothalamus GRF-and LHRH-positive cells
Cortex Cells in all cortex layers
Hippocampus Cells in Ammons’ horn

(CA1-2 > CA4)

Strataum Medium-sized spiny neurons
Thalamus Dorsal and magnocellular LGN

15 Hypothalamus SRIF-positive cells ()
Cortex Cells in layer II-IV
Hippocampus Cells in Ammons’ horn

(CA1-2 > CA4D)

Strataum Medium-sized spiny neurons

16 Cortex Cells in layer II-IV
Hippocampus Cells in Ammons’ horn
Olfactory bulbs Mitral cells (?)

18 Strataum Matrix cells

19 Hippocampus Dentate granule cells (?)

Postnatal days

0 Cerebellum Granule cells
Olfactory bulbs Granule cells
Hippocampus Dentate granule cells (?)

1 Cerebellum Granule cells

5 Cerebellum Granule cells

GRF, growth hormone-releasing factor ; LHRH, luteinzing hormone-releasing hormone.
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IR 15 Hic MAM 2853 hiE, BREOHRRE, GIK, QERTH, ANEE, BERRD
HREMEAEELZ 5 LHEIR TV 5. 5B VT CA1-2 HENA CAL FR X
D REREESR > F5 EE8h5 (Virgili et al,, 1989 ; Zoli et al., 1990), F v + OHIFIHE
2, BEALIEEANE AL, 16 H, CA4 CHREM 15 B, MBEAABChRE
#16, 17 A, CA3 ThA4&#I15-17 B, CA 1 CHa4H1 16-18 H, #HkEENMIaE ch4L
19-21 BTH 5 WM X T 5 (Schwerdtfeger et a., 1977 ; Bayer, 1980), %4 (1979
I hiX, MAM#5 8 Rtk & b Mo BEGRAHEL, $ 1R I L@, 485
HCTHEOHRERTOBICEL, 3HZBE S LAERINEAT S, o &b, KB
RTHLNEEECAlIEROBERIEEN TEE LMENTEEOHENE L LA,
Ashwell (1987) X, MAM ##5 I ER 15 Biek b %  EH X h b KNS o Hias:
CFFk, KRB0, IO, IVEB2HET MR »HMECHED, ToBEAMEE
DR F AR & U THRER 2 E S 5 /MR G o MRS > - 7 AR &K
L, BEOBRETEN -BHETHZLE2HEL W5, TMED (1992) oS
EHber b= ERRS, BRE R KBEEOMBRARET S LRI - TyF T A
BRI R L, ZRBREMNRBE 52 L 2HE L T\ 5%, Singh (1977) 1, EFTEOH#E
MBFE A ESREE M E U CRANKESI S - EE B R R T 55, K
RICH - THEEATBE L TR OH#AHRE LR T5 ¥R B L Tn5, AEBD
R Singh (1977 ORBEZTHEHTELOTH- 1

Fig 3@\ WTHLMe L i, HAEEE (REROEHE1BR) T3, MAM S » b T
HHAMEEII IS IEEELBIABR IR TW5 Z EAER I, T REH-1-
BERMEEMBORFIUES, £53 8k, A8 7TBEBML TV C EPER IR,
F 7oHiHE (1995 b) 13, MAM /NESE CIi3MR o Dil B0 =TI Tk b, ANKE
ODEBEABRACHHEBL T550%0, BRI - THEBERCMNETSZ L4 hD I %
HBELTW3, AEBEBTH Fig.30D, FRELh2 X 51, D043 BB TR
P ERBEFA~OEFIOENIAHR SR, F TR AR, BB OMA A~EF 0845
FOBFEFNEZ IR TS, ThbOBERIAE (1995b) OBEXITHET LD TH -1,
MAM#5 &, X BB 2EZXEMUL W5 2 L8415 CV 5 (Cattabeni et al.,
1997), Sun et al. (1997) EE 13 HO < v 2 e X BB 2TV, SEoMEEEE» R
HLTwb, ThbOFERPDLLER T BB TR EABAE T 5 BI04 RER
Sh\vb, EBRBECME T »RITEO#EMIE, IR OBRBrR W CEERTH
HEEZER LWL EIBHEEIATWS,

MAM /NEREE € 7 VBT oW T, BB A LI B RFTEOH#EICoWTiE, B4
RRBIBOLITE Y, LLinb, ERefMETs 3B, BEARFA~0RFED
M OWTREBE A E—H L REAB LR TV, MAM /NEEE £ F A B BT 5
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ABET SV TOBRBERRE ITbh TE LY, ZoFREISEORHEIhD, L

LB b AREROBERIIW OhDTFERE 2 55D TH o7, o

BECBVTER SR TELORFHRAORFEOME FHE i BT 581 Tho
i, AEBRCHMAR EROKA (LRB, BEER AMEEERR ~bEELTV5
THEME SRR S hic, AMMBE L Z ORFEI(4E 3-11 B)MEMROBENRELERTHY,
KEE L BENGEL TSR35 50T, BELMCER L Sl ANREE
DEEFEB I > CABEEFANEET DD CBELCHHA LT 5 L HEIR S,
Vo I 5 IR TR ORI T RERIRES A D ITE e, TEA0 RPN
RECEET S 137, £ORDTHRCBE > TV5 LHEESh S,

FERERTE, 7VvenAq4i4ry P REBROEENLEDLRIET 5 Lt { DD Af4E
W2 X hEFEMCRE T 5700, BEARREEC I B3R LT -1 (Fig. 4,

MAM 7 v t 0¥l CA 1 HIROH#EHROBREROHR AL LHKERROK OB
. EPHEIR TV (Singh, 1980), 41 BBV T Fig 3RIhB L 51, 7 v
NS F VY PRAV LTI A OXBHE BOMAM 5 v O, AEXREETED
higholc, LHALEALRU HEO DIl EER#EOSMICITI Fig. 4 TREAD L 51, B
LU RBFZER B A DI, A OXBREECIXSEASIIE S < © Dil B84 mias s
bh, »OXh b bDBRBE~EE MO RERIRGEE (apical dendrite) A% bh s D
XL, BOMAM 7 » MioR\WTi, MR DIl EMEAHEES L Abh T,
BRI LR, BRBSCEEL T/ LER LA LR DRERRERIT
RSt (anisotropic) #3& bhic, HABESK, MEEBEL <A THL AL WEREHEL <
NOERPFEL Tz, B3 HBTE, DOMAM 5 » F CTREERBESREDO R » + -
Y~ 7 BRI TWA T ERERE IR,

ARRTHEEROMEEE L L TIIRE I hiWEESR, BR# L L TtogEr
Lo THREENDZEXZHELNRT LI, ChHLDEMLEEDR, Rall<2 v kBN LE
BELTHLMERD, PR TEBROTHEE L k- (RS h 3 WHEE YRR L,

I
VAR B ), B OIEL LTV R W BRBKZ I LD, BIEREFIFEFR O «
CLrDRHEBE L ETET,

51 A X

AshWeH, K. 1987 Direct and Indirect Effects on the Lateral Geniculate Nucleus Neurons of
Prenatal Exposure to Methylazoxymethanol Acetate. Develop. Brain. Res., 35, 199-214.
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