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Electron Microscopic Studies on the Effect of Ionizing Radiation on the Central

Nervous Tissue
by

Kiwamu Yamano
Department of Radiology, Kyoto University, Medical School
(Director: Prof. Dr. Masasi Fukuda)

In the present experiment, the radiation-induced morphological and functional changes in the cen-
tral nervous system were studied by electron microscopy 812.

Under non-anesthetic condition, the cerebral cortex was removed immediately to 109 days after ir-
radiation with 500, 1,000, 2,000, 3,000 and 6,000 R from %Co source successively. The cerebral cortex
taken from the living rabbit was fixed in 29}, osmium tetraoxide and Dalton Buffer for 2 hours, dehydrated
in graded alcohol solutions and embedded in Epon 812.

Ultrathin sections were stained by lead monoxid and examined with electron microscopes, HU-11A,
HS-7 and JEM-T7A.

The normal ultrastructure of the capillary in the cerebral cortex showed that a capillary wall was
surrounded directly by glial cells and there was interposed between the glial cell and endothelial elements
a basement membrane. The true perivascular space was not observed around the capillary in the normal
cerebral cortex.

In the irradiated cerebral cortex, were found the marked enlargement of the perivascular astroglial
cells, the intracellular swelling of astrocytic processes in the neuropil and around the capillary or the break-
down of the internal arrangements of mitochondria.

The marked swelling of astrocyte, which was partially occupied by electron dense particles containing
electron dense granules, was pronounced especially around the capillary, in the cerebral cortex removed
19 and 98 hours after irradiation to 3,000 R, 21 and 46 hours after irradiation to 2,000 R, 21 hours after
irradiation to 1,000 R, or 25 hours after irradiation to 500 R.

In the speciments obtained 46 hours after irradiation to 2,000 R and 25 hours after irradiation to
500 R, 2 phases (dark and clear phase) were observed in the marked swelling of perivascular astrocyte,
though the existence of intermediate phase could not be excepted between both phases.

These findings suggested that some fluid which appeared to have nonphysiological properties may
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have been accumulated in the perivascular astrocyte,

In the speciment obtained 109 days after irradiation to 3,000 R, many vacuolation with membra-
nous structure were ohserved in the neuropil,

In the speciment obtained 66 days after irradiation to 6,000 R, erythrediapedesis out side the peri-
vascular space were observed in the neuropil. It was noted that brain swelling like changes were found.
still this time.

On the base of above mentioned changes, that is, increase in the permeability of capillary wall,
enlargement of perivascular astrocyte including the electron dense particles and the nonphysiological
metabolic substances, the swelling of mitochondria and partial destruction of its internal arrangements
and so on, it could be considered that the brain swelling appears in the first process of radiation damage.

Though the changes were kept in the long term after exposure, those are rather considered the results

from the radiation damage induced by the destruction of membrane of perivascular astrocyte,the morpho-

logical and functional changes in astrocytes through the vascular damages.
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IEFARBHEEoR - R~ /L, 3k
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Fig. 1 & 2 The capillary in the cerebral cortex 25 hrs. after irradiation to 500 R.
The most predominant change was the marked enlargement of perivascular astroglial
cells (SA), where were observed 2 phases (dark and clear phase) and some vesicles
(V) in the endothelial cytoplasma were seen.
The basementmembrane of the capillary wall was loose and some what swollen
(arrow).
The destruction of the internal arrangemenis in the mitochondria (M) and ribos-
omes accumulation (R) were observed.
E: Erythrocyte in capillary space. B: Basementmembrane.
Fig. 1 (Mag. > 4,400) Fig. 2 (Mag. x 11,000)

L3

&% %

Tig. 3 & 4 The capillary in the cerebral cortex 21 hrs. after irradiation to 1,000 R.
Swelling of the astroglia (SA) around a capillary, a number of vacuclation (Va)
in the perivascular astroglia and the destruction of the ‘internal arrangements of mit-
ochondria (M) were observed.
Several glycogen granulas (G), pyknotic dense body (Pd) and ribosomes (R) were
observed in the perivascular astrocyte.
C: Capillary. My: Myelin.
Fig. 3 (Mag. x 6,400) Fig. 4 (Mag. x 12,200)

e

B, ¥R s X O, perivascular astro- TS OIEEERT A oy, Micma B »PraR
glia yopie b 28 o ribosom pERD LT, % Whi, ZhEOAZIEIE B Hc bk oo/ Nk RE
7z, glycogen YN M fr FENL 5 Hufch & & FfED electron dense FojbiEAAF L, o
Fe. oL 2 oh s BTEMBG LR L. &
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Fig. 5 & 6 Cerebral cortex 43 hrs. after irradiation to 1,000 R.
The electron dense granulas were accumulated in the swollen astroglia (SA) around a

capillary.

Many ribosomes were found in the endothelial cytoplasma.
The swelling of mitochondria (M) and the destruction of the internal arrangements

of mitochondria (M) were shown.

E: Erythrocyte. B: Basementmembrane.

Fig. 5 (Mag. x 12,100)

R: Ribosom.
Fig. 6 (Mag. x 15,000)

B

Fig. 7 & 8 Cerebral cortex 21 hre. after irradiation to 2,000 R.
The swelling of the astrocytic processes (SA) around a capillary were shown.
The electron dense particles and more electron dense granulas were observed in the

swollen perivascular astrocytes.
Synaps (S) were normal.

M: Swelling of the mitochondria. E: Erythrocyte.

B: Basementmembrane.
Fig. 7 (Mag. % 6,300)

D ¢ mitochondria 3—Hc Pl crista R
HHED LT

Fig.3& 4. 1,000R g, 21 OEA I
I3 perivascular astroglia o[figf & 5 L #-Jk
{ENiz vacuolation 35 Y ©¢ mitochondria mfE{k
MREDB ST

— 5

En: Endothel. C: Capillary.

Fig. 8 (Mag. x T7,800)
el |

#7c Fig. 4 T glycogen JHKI & pyknotic
dense body i 5t

Fig. 5 &6.0 1,000R fitht, 43I DA
I3 perivascular astroglia o|ffiif L=k oz
electron dense 7p particle 235EHiLCk b, £
b o g oz x 5 jcelectron densefggranula,
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Fig. 9 & 10 Cerebral cortex 46 hrs. after irradiation to 2,000 R.
The marked enlargement of the perivascular astroglial cells (SA) which consist of
2 phases dark and clear phase (SA 1 and SA 2) where containing many electron dense
particles and ribosomes (R) were observed.
E: Erythrocyte. B: Basementmembrane.

Fig. 9 (Mag. x 5,900)

Fig. 11 Cerebral cortex 30 min. after irradiation
to 3,000 R.

The swelling of astrocytic processes (SA) ar-
ound a capillary were found. Mitachondria
accumulated in the neighbarhood of the capil-
lary basementmembrane in the perivascular
swollen astrocyte.

M: Mitochondria. E: Erythrocyte.

My: Myelin

Fig. 11 (Mag. ¢ 6,300)

BEL b ¢ ribosom L#E % HhA granula p3%H
e bivic. FRC MM E P BRI 45 E L

Fig. 7 &8. o 2,000R Jd4f, 21HFIH A
{,  perivascular astroglia o[ L, [JE Lz
b offiff oz electron dense 7 particle ¢
FEiiti, ribosom 4s X O° vacuoles 2iFRME i,

Fig. 9 &10. o 2,000R 5, 46IRFEE oA

— 6

o]

C: Capillary.

Fig. 10 (Mag. < 6,300)

Fig. 12 Cerebral cortex 30 min. after irradia-
tion to 3,000 E.

Some pyknotic granular cells (Pg) and many
ribosomes (R) were ohserved. At the lower
left was seen a capillary.

B: Basementmembrane.

Fig. 12 (Mag. x 19,000)

{4 perivascular astroglia @432, M
Fig.9. T} perivascular astroglia o[fisE|1 2
[E#: (clear phase & dark phase) mffa 5L,
F 2o JiER L-c P9 cristagd 4k L 72 mitochondria
4%, perivascular ¢ neuropil oz IS B R
ic.

Fig.11&12. o 3,000R, [RE305H ot
{ fifl o> perivascular astroglia %8k & L 4,12,
pyknotic granular cell oI AFHED S Lt =
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Tig. 13 Cerebral cortex 19 hrs. after irradiation
to 3,000 R.

Perivascular astrocytic processes (SA) were
swollen and a fluid was accumulated in its
cytoplasma.

E: Erythrocyte. My: Myelin.
Fig. 13 (Mag. x 2,900)

Fig. 14 Cerebral cortex 19 hrs. after irradiation
to 3,000 R.
The destruction of the perivascular astrocytic
membrane were seen (arrow).
SA: Swelling of astrocytic processes.
B: Basementmembrane mentane.bmmre
E: Erythrocyte. My: Myelin.
Fig. 14 (Mag. x T7,400)

S

B Z OffifE Lz perivascular astroglia orp¢
mitochondria 33, basementmembrane |23 { 4545
L 7ckkisfg iR bhie.

Fig.13&14. @ 3,000 R M&HF, 19M5fIH oA
CILJERRE L 7= perivascular astroglia o il
BiferBbe s @a R L.

Fig.15. 16&17, @ 3,000R A4}, O8W;fIE O
PRACW,  FBRIESR L7 Z2RBHING i electron
dense j¢ particle oFEjiH iR bh, chooh
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"ig. 15 Cerebral cortex 98 hrs. after irradiation
to 3,000 R.

Electron dense particles (Ep) and glial fibrils
(Gf) were found in the swollen perivascular
astrocyte. The opaque objects at the topright
and middle left were staining artifacts.

SA: Swelling of perivascular astrocyte.

C: capillary.

Fig. 15. (Mag. x 4,400)

lﬁﬁsf':

A L7z mitochondria 23, #7- vacuoles [k
cytoplasmic fibrils 23388 5 v,

Fig.18. o> 3,000R [, O8IFHIEE DBEATIx
neuropil [ijiz erythrodiapedesis 7332 & j17-.

Fig.19. o 3,000R 4+, 108A A CIX
neuropil DR LT ik o feZe stk
Ieotet® s, F e/ MEIR OB S 2 G & T,
BELERBMAREEZ Hhie.

Fig.21. o 6,000R g4}, 661 OEATIE,
i Bob D = L3, EWICES: L perivas-
cular astroglia offafk s, = hbofakodicdt
fili L= electron dense f 5 CER OB Bk D 2
BitoZ iz, FEBELEXL Sh s @
ied b, R, BGHHEK 2 » A% oBAc iR
BhhlccElH Lic. ¥£7-—J7 Fig.22&23. @
6,000 R B4}, 66 H#% A4 ¢k, neuropil fflic
Wl Uiz &% 2 b A erythrodiapedesis oy {4
BelLTik b, % mitochondria (3 L« Py
Tl DBERELFRD B It

A

— B, MR A 5 h B Mk
LA i Ag 7o bpE (Blood Brain Barrier) #45
L, Lad Shémifan, it & i
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Tig. 16 & 17 Cerebral cortex 98 hrs. after irradiation to 3,000 R.
The swollen perivascular astrocyte including characteristic astrocytic glial fibrils (Gf)
in its cytoplasma was observed.

Sorme vesicles (V) in the endothelial cytoplasma and swelling of mitochondria (M)

were observed.

Ep: Electron dense particles.
C: Capillary.

Fig. 16 (Mag. % 13,000)

chondria.

Fig. 18 Cerebral cortex 98 hrs. after irradiation
to 3,000 R.
A diapedetic erythrocyte (E) and plasma ex-
udation lay between intact cell processes.
M: Mitochondria. My: Myelin.

Fig. 18 (Mag. < 5,900V

N * 4

TREBME & oicizd
BicBtfRnih 5. MBSk HEZ b
T B S LT ostELIsMie, LITF s
DWECHBH L, ThHAMGKE LToRoMEE

B: Basementmembrane.

8

M: Swelling of the mito-

Fig. 17 (Mag. x 13,000}

by 0

Fig. 19 Cerebral cortex 108 days and 21 hrs.
alter irradiation to 3,000 R.
The swelling of astrocytic processes (SA) and
vacuoles (Va) in the neuropil were seen.
My: Myelin.

Fig. 19 (Mag. > 11,000)

OHF LTS EEL b b, De Robertis,
E.D.P. et al (1958)%, 1z k % LA E I o
HELT, MM A ARBE DB LTS,
Folch, J.'0, yz X % &L RBHIEE H O i 03 FF
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Fig. 20 Cerebral cortex 108 days and 21 hrs. Fig. 21 Cerebral cortex 66 days and 3 hrs. after
after irradiation to 3,000 R. irradiation to 6,000 R.
Accumulation of ribosomes (R) and a pycn- Prominent swelling of perivascular astrocytes
otic dense body (Pd) were observed in the (SA' 1, 2 and 3.) which consist of 3 phases
neuropil. (dark, clear and intermediate phase) were seen.

Fig. 20 (Mag.

e

% 11,000) Ribosomes (R) accumulated in the swollen

perivascular astrocytes and in the endothelial
,

cytoplasma.
B: Basementmembrane. C: Capillary.

Fig. 21 (Mag. = 5,100)

O

Fig. 22 & 23 Cerebral cortex 66 days and 3 hrs. after irradiation to 6,000 R.
Diapedetic erythrocytes (E) lay between neuropil.

Fig. 22 (Mag. x 4,800) Fig. 23 (Mag. x 6,600)

o

ML LCoBEL R 3 p T e <, A OWFE» B, LRBHGE EMmE & B
faz3E 5 BEEE “nurse cell” 1 L T olffEr 4 WTEEL, »5D5EMMF L1 2H 5B\ IEF
RLT W B E~T %, Farquhar, M.G. & hP ko EIRBRIla 0% k> T, o
Hartman, J.F, (1957)'®, (3 EFHME v~ ¢ FHIBEECE DAL ThTE Y, OEHE D
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Fig. 24 Cerebral cortex 66 days and 3 hrs. af-
ter irradiation to 6,000 R.
Some of mitochondria (M) to swollen seriously
in the neuropil. The opaque object at the
mecian under was a staining artifact.

Fig. 24 (Mag. x 14,300)
T

PECEMMATECE b, B o%Eh
ST L, X hiefiofifaRscEihsTh
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FrehTW5 R, —ficHiEBEgiEsBhe 54
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H B¢, Gerschenfeld, H.M, et al (1959)1,
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cerebral infarction |z L % § @, %} venous
congestion ¥z X “>CiE L i< BIEIER 31 % THIE
FRZL, FrerzoBTFEEGG, BE 0%
1EH =T bastroglia OfiE 0F W BRI S 5.
efafEr—-EY5 <, EriefilRPIETEL 2
HBHIETT, ToMANEFOHMKLRD, &
L LTER @A 29 %. ¥+ mitochondria o
Ik, Z=imdt, & - RE M oMIEE o2l
DIGE LB LA e LT\ 5. e, Ishii,
S. & Tani, E. (1962)"™%, BENE % FIZML
LHIIZE b T, W RIEESR AR X b 12
FRfEl % ©, HBETI20GEN S8R Te#H 2
B, FeiREC, EBHnEwEE LxARE
filaoMEEsiELBDd kb, chb—Eonif
Bl 529k 168 B IzEE LT WS
ZEERELTWA.

EEMERS =351 % mitochondria 3k, crista
fragmentation 22U D ZE(bw 535 % Ishii,
5. et al(1959)2”, Ozawa, K. et al (1966)%7%®
2 X B & JREER; o mitochondria @ A T P ALK
B2, ERFR AL T g L, biolegical
function DT Z BB T 5.

°Co MBSz X AABIIEC Y HIBHAY w mito-
chondria 3ZE[EMic 3515 & FEREZELE » 2%
y ol

o CTAR IR S PCo e X BIREY:
WMk s, MEFEEROCh & i L CcEZT 5
&, BOFIEC, ElmE REo2RBHkE o
WicMlamERY D v, Folaky—EHs <,
{2 iR EE B LMtk & LTEling
ETLOR L, KPFFET Ik ARER L B
s FE o2 RBAI D fafkoric, electron
dense 7x particle TG L, X b 2~3 @D
electron dense 7 S CERDIL L2 2T 5 &
&, EcMilEEo—iHE, Wik oIEEEL T
W, EHErRd. ¥ RERIERR AL
N2~ TEEX LR TE D, 168KE
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IEHEALTWBORKL, ABETE, fido
=& ERBRIREOZELY, BHEHEEN DL, 2k
DEHIH B, i 3,000, 6,000R BT
%, K2 A, 3 ARMHERC L Ak
EERLTWARTOERDERSS. 32 AR
bbicd Zh b OFTRFERZEY, REE T
i, BHEROMFEERB>SWTkZo
rBEo, mMEREELN Lo, EMmEREY
Ly ¥, 2RBME o FERHREDE o
T, (SRS, vascular damage % #% 7R IR G
OEE, BEETLEZEZORS. oz ik, B
W EHEI R B SIFR0F RS, The effect of ioni-
zing radiation on the nervous system. (1967)
RT3 5 B o F T 0 1H T,
LIOoT—MBEEIh T3, 2B

TR T 1k, Maxwell, D.S. et al

Q964" R R HZE L, Wb EET,

% 7z ribosom A% perivascular astrocyte X Pz
faziging% = L %808 Uicas, free ribosom o
Bz ouwTix, Maxwell, D.S. et al (1964)%
A% 6,000, 9,000Rad [ES, 5 AR FEDT
5.

% 7o glycogen R 1wou-Tik, 150~ 400A
THNCIFST % ke Watson, M.L. (1958)*0,
Revel, J.P. et al (1960)*® 1z L2 T = h
TwAHH, Maxwell, D.S. et al (1964)%® 3
endothel cytoplasma @JEJEL & mitochondria o4
I 3sE L, ¥ f-perivascular astrocyte j= 254
glycogenlflif mIgin &, fat droplet Z-ufi~7=73,
B IECIRFIE OF W ey Rich ot

3,000 R JBHHE#: oIEA 1~ pyknotic granular
cellp B %23, oy Alvord, E.C. &
Brace, K.C. (1957)®, Brunmer, H. (1920)%,
Haymaker, W. et al (1954)'?, (1958)'®, Vogel,
.S, et al(1958)*®, Vogel, F.S.(1959)%%, Hager,
H. et al (1962)'® 412 XoCcd#EE hT v
5.
3,000 R JRSTosm I i A ¢ 1z, M
BZ & % < JER L 2RBMao fafk o & e
electron dense 7r particle 23FE L, Zh b ok
{z cytoplasmic fibrils %-32x5%- = & &3, =

HAREZFREHF MR 529% H6 3

RRIAEEBMECIZD bR 7w, BRE
filciE® 5% = L% Brunner, H, (1920)%,
Luse, S.A. (1958)* 2i #4 LT \»5 @ T peri-
vascular OUFEBAI, ERBAMEE L oA
5.
b~k & REEEAR ., Ml
#%, neuropil ffizZ b5 erythrodiapedesis =
MR & v ¥ < BRBR OIS
VWHOKE, BWELE A5 L hRFERMR
s JIETHAHROMEHBIF I, mg RS
&S MREBAE, e aRBHiaokE, Bt
BT < 2 kIR~ ol L % % %
FFMIE L BT 5.

Hager, H. (1962)'®iz X % & 45,000 R A4 ¢
neuropil fHjiz exudat 2%¢- ¥ 3 Wf % Hd -
early nekrosis L% T\ B3l ZO#E&L M
BRI B 2t e L LT B,

PEEHRF % 5 % perivascular astroglia, neuro-
pil [ mitochondria ¢ crista R/ MYIELE,
#s & U° mitochondria ¢fg{b, Hager, H. et al

(1962 A3k N fZE , A, EELOE
TEREBGHFHFE EOMIMELYEALTVS. L
L7gpis, Ishii, S. et al (1959)2”, Ozawa, K,
et al (1966)*7% 1 i iz PARIER: 0 A T P
HERREEIR T 2> 5 20T b MAHRB ST X oT iR
BRulaofatk o BB Ly, BERR 0B
BCUETS Shbd , mitochondria @ =55
DOZECXER R B EE 2 5.

% W

AR 5 RRAMEE 3 X3+ Hbs
DEEIR OB Y ThHDOtk.

1) BMmERE Y ¥ < MEBME, ek
PR, ERLRERLE L, * o MBENE
{bx, cerebral compression, cerebral infarction,
venous congestionZiz J. % EIRAYMIEIE & FiL L
T

2) EREmE PR NI S R,
JEBEDZE(L, ¥ X O perivascular astrogliacdZE4b
P36 T pinocytosis & k2T, KA PIEA
fla, ZREMIE~0EREORKHTRD bt

3) T|MImE L & b ¥ ERBHKOEY E
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22 L electron dense jq particle FEME TRD S
NEdEEBRBWE O, WS, MErE
Tk Hic.

4) ERBMaoMaEo —MkiE, » X U
electron dense OEHDH 5 2 ~3 FEOEILD
#&fF, mitochondria @ P RS oIS,
L OALE, MHEBMIIa ORI el b,
FIRARRE R 3 XIS T BOHR o FRF I,
BB~ OEEER S 55 523, TTAPROR
BEofifics\ ik, MZERRBRETTS &
#x% . 3,00, 6,000RBH T, REHE2 A
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A, 3»A#icd eksFikicZE(t & iR D 5 b
5, MEERRBCnL T, nERBELNMLT
oRERBAM oS, BEETCHS 2 Ry
FEBRAN OSSR & b o3 X
et
5) FRAWEE S XiET R E L BT
SRR X B RAAR .

AW EO—Biz, XHABERERMADE C X5
OThL. M, Fr¥scEL, FAHE=HEL, LF
BERE, A%—Mt, EEOEBI K U RH
DEERLEIT.
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