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We observed the histological features of the repair process in a destructive lesion of

the rat brain during the proliferation of neuroepithelial cells (NECs). Pregnant rats on

day 12 of gestation were given a single intravenous injection of 40 mg/kg ethylnitrosourea

(ENU), and the cytotoxic effects on the brains of the embryos (E12) and the subsequent

repair process were studied chronologically. The results are summarized as follows.

1) There hours after ENU administration, shrunken and darkened degenerating cells
appeared in the NEC layer.

2) NECs engulfed and digested these degenerating cells.

3) These NECs still appeared to perform elevator movement and had the potential
to proliferate.

4) The width of the NEC layer diminished after administration of ENU, reached a
minimum at 6h, and recovered rapidly by 10h. On E14, there was no significant
difference in the width between the ENU-treated rats and the untreated controls.

5) On postnatal day 21, there was no significant difference between the ENU-treated
rats and the controls in gross appearance and brain weight. Histologically, the
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former showed no distinct changes, including neuron loss or gliosis, compared

with the latter.

In this experiment, a single intravenous injection of ENU caused degeneration and

death of the NECs.
between the treated rats and the controls.

On postnatal day 21, we were unable to find any significant differences
We consider that in the early stage of brain

developments, NECs participate actively in the process of brain lesion repair; eliminating

the degenerating NECs and having the potential to compensate for the loss.
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kg #E5EH, BAOZE SEEMBOBRE, F0H
OBEBELBET 25 L THY L E L b
2. ENU [C& 2#RFREDOSE 1 BoifluEs

E12 it (B 1-A), #RZROMBRREL LA D L,
BN ETIE NEC LA, SRTAHHE 1ML
hTws, Thbbh, MEE (neural tube) AR &
hTEb, BB NEC BoArbBHRERTEY,
DR B LI A B E, BRI, S external
limiting membrane (ELM) filic ¥ TMH¥, BOAE
DB A HHER FEMESA & ST, B
T2, BAPRICIZEHD ribosome & mitochondria
(Mt), filament 7D LIt JEOERROTIIZ,
BESHIcE~N, 105D Mt 2 filament RS
bt Ml LicEEn - T\ 5 NEC #5,
VERD LRI

ENU #5 1, 28E#E TR, BoRB0BOR %
RDBHLS, WL RHEELIRD bRkt &
BT, 28EgT, BXAREOBAMtERd, *
BW Ll >T A NEC %, LEEDI

3, AR5 & (B 1-B), NEC offliz, T-
B L TRET S, ERCAMOEED R L.
B Lo#EE®R, VWhY D radial fiber? DHEIIC
BokBEFI#RLT, NEC BEBrEEL TV #
fo, NEC BiZMihE iy, BFTok o hBeih-Tw
7z. BETIE (B 2-A), ChooiEms, BHLE
NEC L%z bhi. 2%h, Thbofghs s el
BEML, BTEEAHELTEY, BRBRLTEDS
hic, 2hbn, BEELEbhs NEC HMefFaELL
B, LEEALEEEEDbN S NEC BREAC LED
bhi.

6 R & (B 1-0), ZohBEriiue NEC
Bo ELM filic, 2BEI-TEDLRBLHICAD,
i LR B I ot

108 5 & (B 1-D), OBl oigs
RTHEIKEBDOh B L5~ 7. BE TR (B
2-B), Bvififan, ¥ EBbhsd NEC hHoRE
THRYEEhTW240, @ELBbh % NEC fafk
Pz BRABE T W T BB free space 2B LA D
FETHLD, BRAEAXRBH L Ebh 3 NEC
BREEETHLO, LENNE<EDLN, BELE
bh? NEC WEM L-MlEERIAALTH2EED
hic, ZHERAIOAAYR, BELEbh% NEC
i3, BERICE O ribosome &ED Mt HBED L
h, WREENT, BELEL KB {LERED A o1,

125 T, X Hhic L v & < OB MM, NEC
ORENCIRYRAET NI TRD bR, ZhALOEE
MR, HIEoREEENII- 20T, BrokE X
PRTETEEORVWHOEE: LTRr 5. B
BomRi: & 2-C), RUERIcs 5, round 7t mitosis
%73 NEC AP LED LR

245 T, FRBTEEORVWEOEEKLYET
% NEC i, 08~ ELM Mo NEC BeBrbhic-
TR bR

4805fE# (E14) Tk (B 1-E), NEC B, B
b, NEC #bdicv Lo RBain, NE
(B 1-F) $@EAFELVEERLT W, BETT
i, Z<L4¥o NEC oftfkPic, EFEEOEV/D
B OBEYHFEL T

3. NEC BOEsOZk (H3)

Br& 3R I NEC BURlEIT L 5 cMih& i 0,
TOFE XL 6 MK RVOBEER L. LaL, 108
Mg cior o S Adclin (B8 L, FhbiE
ik, B eItERE AR L.

4. EI12 T®O ENU #5%%(37/-5 v t® P21
(C3stT DKM

ENU #5177 v % P21 (F 4-A,B &) T
B2k, KBAERCEREORBG I, R (8] 4-
A, BXE) LOMERLVERTAIZ LIRBTH -T2,
Fh, MECECTL (H5), MitEWNWcEELER
RSB B R Sk KB & 2EBEAREORE Y,
K EMAIC BV T2 OMEERCRE RS LS
MBI gliosis ZIEWT A L4 TE AT

z =

ENU %4&&cis L0, #asEn) o 2540
RSHB LU G2 ikt % DNA SR LME T %
LI EDY LEh, ABNEHET T OEYERNIE
HOERINTI0D LA L Ebh T 5, Lithi-
T, SEO LS CRERECH AP ENU ##5 L
eBa, cOMEEILERRE, SHER XU G2 #Hir
HOMACRAZINL EELZHNE.

CORLWERYET S ENU B, BESICHEOK
BREE 2O v MRRFEES SN BE, FORRM
Tk, B5HBICES XN neuroblast D& HFE, S
HLIEED NEC WdhBEHZ0 BT EMNRENT
L‘Z)A)B)ll).

FBEIZEBDS v b, ThabbKERENSE 1 ok
ffic ENU 40 mg/ke EEZRBEBEACES Li-4E



JI[§ : Ethylnitrosourea # 51 k5 5 v MR AEE 1 PoMEE L - 0BHE

1 E12 T ENU % 40mg/kg RERE L1, 79 MERAERD Epon
HHE Toluidin-Blue Fef (T-B) x520

A

v

: E12 %M. neurcepithelial cell (NEC) (X, =08l 5 external

limiting menbrane (ELM) =% Ty, BEB ERERFIE & -
Twa. RULEMICE, SRk sARMRIAED bR 5.

CES 0 JEH®. T-B TERETIERCHBZOBEDSTID THD

bhite, NEC BidMii&fo-»Tuw i,

RSO 6 RRHE. BRI EEE EML flicgE > TR bR

T-B THRT 2EROBEDEHI R - T,

RS OI0MERE. POBMC SRS Y TS EE (RO DR
D5 048R (E14). NEC BotEii@hr i, NEC #b4d

TwE s Rateh, MBLBESELGIEBARLTW.

cE14 &R

719



720 FRESRME F108% H105 T 6 F10A

e
Uk

2 El12 © ENU 25 LB 0oBNHEERS

A:BEOIFRHE. T-B RETCRET 2EEDI, B¥LE NEC o
iR ERUEMAERE:E 2L L. FhbolERERL, BTE
B4, B2EMHELTED bR, x5000

B : #50I10KME. FHEMBEIEFLEbN S NEC b oMifazi
THROET A, BERNERIATRA T L3R, 3700

C: #5012 FLUBMNCHFEL, FofERGERrEEYA*RT
ML SEGEIED b, x2200

DOERBTIE, BE IFHENS, NEC BRAKER LT
fatk o B2 R TENMROEREIBE I Zhb
EEMKE, NEC 2030 THH, ELM B L UL
BREA LY LW R REERRD 22, BRAII/NE
FIALL T EW S BEHRARAE 2 Dhle. ThbHE
M L7 NEC 2, 3BEf#E L o6 REEIR ClEr &
Bbh s NEC OFcHEE LM, 108-E» BT,

ZTDELFBEELEbhS NEC h OO AERI L
DEDEERTE D, —HILEL I NEC RGN
phagocytosis EhicBE LTEDLAT. ZOBHK L
Bbhs NEC i, =l ~—x—E8 % L>>, NEC
BEHLON, HETS—FHT, ML NEC %

AICER DA%, FBLTH CBEN% LofllasEx bhi.
%M L1 NEC % NEC HENERRETI LV
B, ChiTEERERRCKEVT, FUEIER
END L EDRETD H 5L, retina DEEIS o
FORMTEBEIhTETEY, 4EO E12 HEMAK
BNTH I AT PBEI L. LEK-T,
NEC i34&3% phagocytosis T 2812 #Y, HEGHE
CEEMC T Al E B L bhis. Lk L, Oyanagi
LOE 2 HTORRY Tk, FBdloERRECE,
NEC B3 L0 migrating zone Z#Hi4 % macrophage
BREOELBRE LRI LTEH, NEC »E LM
fao@ERERET 5 & LR KMREAES 1 ok 558



JI|IBF : Ethylnitrosourea #5412 X% 7 v FERBAS 1 HokEE L L 0BHE 721

Control E12 E13 Eld

NEC layer

widthCam 67.546.2 82.6+1.7 88.5+3.0
(n=number) (n=2) (n=4) (n=4)
ENU: after administarion Zhrs 6hrs Thrs 8hrs 10hrs 12hrs

NEC layer 67.3+5.3 53.4+1.1 61.0+3.3 69.1+2.1 73.9%3.9 T7TL8%L0 74.3+4.6 84.3%2.4
widthCaem .35, 4. 0+3. L 1+2. 943, 8%l RETS .32,
(n=number) (n=2) (n=2) (n=4) (n=4) (n=4) (=3) (n=2) (n=4)
(um

90 - T

s EN{J
~~~~~~~ control
50 o
L 1 1 i i 1 1 i i i 1 1 i i AL 1 1 1 ] 1 | 1 1 1
2 4 6 8 10 12 14 16 18 20 22 2 4 6 8 10 12 14 16 18 20 22
E12 El4
(hour)

B3 WNBEL E12 € ENU % 40mg/ke AEHEE LB D NEC BORE X O
2k, ENU 5 shizdb il 6 BHBCcE eI R L b, TORIHEEE T
CEORELZARCEEL, ThBREFEenic@mEmsmRLTwi

KBS EELORT. O LR, FEREER THIE
FEER I macrophage AFIHTHE T 0RE 2 T
HBED L WO HEELBEELTWLEEbRI. 2
F0, KEBELER 1PoRBBEEOEV-FIE NEC H
HTHoE2HoENL, TORRCHET % macrophage
EBATAL0EEL L. FABOKERR, “hiET
El3 ®% v M radiation?®, E12 @~ 7 21z FudR®),

El2 ®% v Mz ENU #5D THEEhTETW5
T, ZOMLEBER T ARMABEAE 1 ORI,
P#gIOL sy cBEEh, BB LWL HIIEEHE
Th5. 4E, NEC BOE X 2 ERFCHET S &,
ENU #5 3BMg I 0 +0EI 2B LR LD, 68
BB TroOEIRRE Lo h, F0%, 1085H%
TIRERCEE L, FhLELEO» s W%



722 PrREELMEE F108% FI0% FR6E10H

)
4-A, B ®EE (£) & El12 T ENU % 40
mg/kg RERE LB B o P21
BaToBEMAER L UTERE. &
RECEZCZRAD LR, T,

NS
(g
L5 o
1.45 4
1.49%0,05
n=4
1.4+
1.45:£0.06
n=8
~ Mean + S.D.
~ n=number
Control ENU

B 5 WREL E12 © ENU % 40 mg/ke thE
BE Lic#o, P2l BEATOEEEKED
. EmEOMIC, MHAENCEELERD
B BRigh -7,

TTCI El4 TRABI B NEBRERVRED R K-
T,

T LT, P21 KRBT, ARSI E ORI
EAEHTEY, TMBERRLTY, FAICEER
ERTEDlhote. 2T ENU 285 LB
i3, P21 CHERMIZ S S A7 microcephaly &b
TEBHILA TR, SHOEREFT TR, £1
i NEC B, %+ o0# NEC HEOSHMEC L -
TARCEORL bR, P21 ORBRATE, MR
LRI EEENBO LA WETRBEE
BLoEMNRENRI. NEC BED L > R © - ok
BEENERLBLON, BAETHTHHH, 4% NEC
@ cell cycle DN ESHREFT L TR L LERS L &
Bbhi.

& 3

FaAE O MORBBEIE, BB E R - B
BEMND L Z LI, DETL hEiEDTID2020 ik 7
KEFEESE 28, D% b neuroblast #EEA L, glioblast
EALRTORE, o ENU BE#E L, microcephaly #t
REEE N300, TOMBERCIIIZEA SR,
gliosis HbFAD LT io\s. SEIDHE1H, % H NEC
DEDGEMIE T AR, © ENU BEETi, s
K, o B LR EETs 2 L TcE i E TR
WBHEEN AR LT, o2 &, 818z NEC
BB 54 2 B CHERRREERF B J Uy
BIEENTFET I L2 RTLOEEZ LRI

B

BERZ DD, KEEDbRE»VHEHE
EEWEE Ui, B AMAFEABENICE CBRHEBL
. f7, BB 5, (UERL AR FRAES b
BIEXOBEEC BT HB A MEE L. &
bz, {LINES, BRIIER, fNEX I,
FHURT, BMAMT, XBE#HT, REFRT HH
FRETO#RMIIIE ORI A Z3 F L,
B> DX\ L

2 £ X M

1) Bosch, D.A.: Short and long term effects of
methyl- and ethy]nitrosouréa (MNU and ENU)
on the developing nervous system of the rat. I:
Long term effects: the induction of (multiple)
gliomas, Acta Neurol Scand., 55: 85~105, 1977.



2)

3) Ivankovie, S. and Druckrey, H.:

4)

5)

6)

7)

8)

9)

10) Oyanagi, K., Yoshida, Y. and Ikuta, F.:

JIIIF : Ethylnitrosourea 51 X5 7 v MERMBEASE | HoMEE -z 0EHE

Druckrey, H., Ivankovic, S., Preussmann, R.,
Zitlch, K.J. and Mennel, H.D.:

induction of malignant tumors of the nervous

Selective

system by resorptive carcinogens, In: Kirsch,
W.M., Grossi-Paoletti, E. and Paoletti, P. (ed)
The Experimental Biology of the Brain Tumors.,
Chap 3, Charles C Thomas, Springfield, pp
85~147, 1972.

Transplacentrare
Erzeugung maligner Tumoren des Nervensystems.
1. Athylnitrosoharnstoff (ANH) an BD IX-Ratten,
Z. Krebsforschung., 71: 320~360, 1968.
Bosch, D.A. : Short and long term effects of
methyl- and ethylnitrosourea (MNU and ENU)
on the developing nervous system of the rat. II:
Short term effects: concluding remarks on
chemical neuro-oncogenesis, Acta Neurol Scand.,
55: 106~122, 1977.

Bosch, D.A., Ipema, A. and Ebels, E.J.:
Different cytotoxic effects of methyl- and ethylni-
trosourea on developing rat tissues and influence
of cycloheximide on cell death, Z. Krebsforsch.,
79 255~266, 1973.

Bosch, D.A., Gerrits, P.0O. and Ebels, E.J.:
The cytotoxic effect of ethylnitrosourea and
methylnitrosourea on the nervous system of the
rat at different stage of development, Z. Krebs-
forsch., 77: 308~318, 1972.

Fujiwara, H.: Cytotoxic effects of ethylnitor-
sourea on central nervous system of rat embryos.
Special references to carcinogenesis and teratoge-
nesis, Acta Pathol. Jpn., 30: 375~387, 1980.
PMUKE: AAEEREBYE Methylnitroso-urea,
Ethylnitroso-urea @ SD-JCL rat ®RicH34 3
R EE, B4b=, 39 233~254, 1970.
THEZ, /JHIEX, £HEES: Ethylnitrosourea
& B A R E O B Lic o T, BERE, 36:
175~182, 1984.

The
chronology of lesion repair in the developing rat
brain: Biological significance of the pre-existing
extracellular space, Virchow Arch [Pathol Anat],
408: 347359, 1986.

11)

12)

13

Y

14)

15)

16

e

17

~—

18)

19)

20)

21)

723

B, HMEZ, £EESL: Ethylnitrosourea
HHw &5 RENFHESEOMBEEBRE S L 0EM
BEEFORBIC BT 8%, Bk, 39 1077~
1082, 1987.

Sidmann, R.L. and Rakie, P.:

migration, with special reference to developing

Neuronal

human brain: A review., Brain Res., 62: 1~35,
1973.

Kleihues, P.: Blockierung der DNA-Synthese
durch N-Metyl-N-Nitrosoharnstoff in vivo,
Arzneim Forsch., 19! 1041~1043, 1969.
Kleihues, P. and Patzschke, K.: Verteilung von
N-[14C] Metyl-N-Nitroharnstoff in der Rattte nach
systemischer Applikation, Z. Krebsforsch., 75:
193~200, 1971.

Kleihues, P. and Magee, P.N.:
N-methyl-N-nitrosourea with DNA of neuronal
and glial cells in vivo, FEBS Lett, 32! 105~108,
1973.

Fujita, S., Horii, M., Tanimura, T. and

Reaction of

Nishimura, H.: H3-thmidine autoradiographic
studies on cytokinetic responses to X-ray
irradiation and to Thio~TEPA in the neural tube
of mouse embryos, Anat. Rec, 149: 37~48, 1964.
Schliiter, G.:

cell necrosis during formation of the neural tube

Ultrastructural observations on

in mouse embryos, Z. Anat. Entwickl.-Gesch.,
141: 251~264, 1973.

Gracia—Porrero J.A. and Ojeda J.L.: Cell death
and phagocytosis in the neuroepithelium of the
developing retina. A TEM and SEM study,
Experimentia., 35: 375~376, 1978.

BE B =/ 2o—FrifiErHVicT Y A
W= a7y— v ORERRENRE—F - TiE
fFFeoffmcounT, Bk, 350 1247~1254, 1983.
D’agostine, A.N. and Brizzee, K.R.:
necrosis and repair in rat fetal cerebral hemisphe-
re, Arch Neurol., 15 615~628, 1966.
Langman, J. and Cardell, E.L.: Ultrastructural
observation of FUdR~induced cell death and

Radiation

subsequent elimination of cell debris, Teratology.,
17: 229~270, 1978.
(PR 6 £ 7 A1SAZA)




