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Effect of Cobalt 60 (gamma) Irradiation on the Central Nervous System

Choichiro Kido
Aichi Cencer Center Hospital Department of Radiology

The gamma irradiation in the amount of 1,000 to 20,000 R was performed in 45 mature dogs to the
portions of head and back. The radiation effects were observed neurologically and histologically. At
the irradiation, a steel cylinder (1 or 2 cm in diameter and 60 cm in length) was used for collimation of
the irradiation field in order to obtain the same conditions with clinical cases in radiotherapy for tumors in
central nervous system.

By connecting this cylinder to 9Co unit, irradiation fields of 1 or 2 cm in diameter were obtained
exactly. Various grade of neurological findings such as unconsciousness, transitory paraplegia and
convulsion were observed. These findings were variable by the region irradiated, size of irradiation
field and quantity of dose. These symptomes were reversible and returned within dose of 10,000 R.

Furthermore, the radiation produced liquefaction of neural, glial and vascular elements, in the tissue
within the irradiation field and adjacent area of the irradiation field. The tissue changes were same in
character and intensity both the head were irradiation entirely and partially.

Reactive proliferation of glial cells and degeneration of neurons were observed in the brain follow-
ing the irradiation of more than 3,000 R, in spinal cord more than 5,000 R. In the groups that were ob-
served within 1 week at least, changes of the neuron were typical of acute swelling. In the group within
1 year, there were ischemic or atrophic changes.

Vascular degeneration resulted in capillary hemorrhage, occlusion of small vessel and edema of
perivascular space. Gitter cells removed the debris, fibroblasts and produce a fibroglial scar in survivor
of 1 year following irradiation of 15,000 R. We must take 2 serious view that changes of the neuron
were brought of indirect effect from disturbance of blood circulation or hypooxygenic conditions besides
the direct effect. Secénda.ry radionecrosis and glosis were found in partial head irradiated group with

more than 10,000 R irradiation.
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RO FBHFET1x *°Co BATSEREI & b o
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Fig. 1 Round irradiated field of 1 or 2cm in
diameter is provided by connecting the cyl-
inder to the *Co unit.
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Fig. 2 Isodose curve at the end of the cylinder.
X-axis indicates density and Y-axis distrib-
ution of the irradiated field.
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Fig, 3 Irradiated field exposed on the process film,
(in exact size of 1 or 2cm in diameter)
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5 BIEEERIE S B b, Fofliico
AT L on BT 21.7 R/min, 2 cnfEfRTik
38.5 R/min T#H->7- (Fig. 2, 3).
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T CEEH . UL UKE S ES L, EH:
s\, 2 ORRERESE S R L C RS
2 HEAPII 3 3 Bl & b ] & e 2 R & T
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Table 1 Changes in the groups of entire

Number of case 18 21 23 24 25 30 17 15 14 34

Trradiation dose (10°R) 1 3 5 10 15 20 1 3 5 1

" Size of irradiation field E | E|E | E|E|E|E | E | E 2

Recovery time of unconsciousness 8 18 27 39 11 17 23 5

Survival time (*killed) 7 TEEl 7 4 2 1y 8m 23d 7

= Abnormality of pupils + + 4+ - + - + -+ -+ —

.glg Transitory ataxia -+ - -+ -+ + o4 -+ _
2 2| _Recovery time of ataxia 28 | 36 | 46 31 | 35 | 88

%5_ Convulsion — — = — - + il e . _

Zn| Coma — — - -+ + + — == -+ —

Change of irradiated skin — — - — — — =t + = pre

% | Change of irradiated skull — - = - = = - . i _

;'.5 Change of irradiated dura — — == — = = + + i —

&= Ventricular hemorrhage — —_ — - - + | e I _

'a Reddening — — -+ - + + - . . _

% E Edema - - o + H+ + — — — | =

8 | § | Petechiae and bleeding — — - — + + - pm — | =

= Necrosis — — - — — + — | - o —

Discrimination of irradiated area — — — - + - — | - A =

= | Inflammatory change —_ = = = = — = — T —

% | Dilatation — T+ [+ | # |+ | # |+ |+ |+ | -

_: Occulsion — =5 . i — — il . + | _

g | Dilatation of perivascular space | — - -+ -+ -+ 4 + 4 4+ | =

A Capillary bleeding —_ - o= o+ + + - 4= = =

Hyperchromaticity — —_ — = + + - s . | _

% | Shrinkage — — e I - - + + =

5 | Swelling S TR i S RN TR R ey R g

& | Vacuolization — — -— —_ - + =E - = o

Eo g Dilatation of pericellular space — - -+ + + -+ 4 4+ + -

:-é E Pycnosis —_ — + + + + - -+ + -

& | Z | Breaking of nucleus - — - = + + = . - _

‘E Swelling of nucleus —_ . - — - - - . . -

§ Demyelination — - e + + + — + + =

_g 8 Infiltration of microglia + + + + H# H Fe + + +

= % | Change of astrocyte — — -— - + + — = A =

© | Gliosis — = a= -l - = s . — .

Disappearance of neuron —_ — o - = - . - o =

Deformity of neuron .

g Hypochromaticity -

& Change of nucleus .

é Dilatation of blood vessel —

% Dilatation of pericellular space —_

< Petichiae and bleeding -~

Infiltration of microglia | am

—_T72 —
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Wb [ARRIRZE B B D K B v ek e af i
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HWH BN TH b Astrocyte I ZE L% & lohs
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2. KR0S (Table 1)

1) jainesERt

1) [RSHEOIRAE « &6 4 ~24REHILLPIC IS
URE L, 5,000R DLW —EiE 0 R4 R A
HENHHH 2 HEAPIC £ S kL Th & Iixfl
B OMEEER &R & faws . BRI O Mm%
DB & iR, BEFREOKRLS L OR, &K
2enEROSTN 1enBEROL O X W IEET 5, &
FAYIEER AR Lz Case 56 (2 cnE RS 15,000
R) TiLIRH# 3Rl c4~5 BRET2 ~3 8
D3 BT 256 23 b 3 RfHE o, R
%, ek, FREEG oot . EfREFE I —EE
BRELAS A Bteht 3 H Bicikg < 4% Liz. Case
57 (2 cafEfE, 20,000R) yLIASHE 3.50 ©h4
RIS 52T & AL R C IEH W Lichs
CAhzzhi 5 H HICE R, 28K BB bR
hEBCEHT s HH:, REEEEE » Blb
e BOHRFE A B FEFLIE B ok
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¥ 3 38 IET L 7e.
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61 (20,000R) IH btz FEZE % ;R LT Case
57CI 1.5cmEEED HIMYE A Bk & 7 LT &
'L, ToREmEDHE, FELE bALR
7oA HTAERT i 3 2 B R TN P i e
fehsofo.
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LRETS . EAREERE L s ntoR

EEIRERT S .

10,000 R Bl BT B4, MmO ihiEixo
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L 2 cnEEO A OKE i kA E L FGE
0T Bl A E RS TTE S BiE T X 55
MO MERR. REEOILKC Wi
B 6 280 2 enERD 750 X Wi e o 2k
DWW TIRFE D ETRDEE .
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Table 2 Changes in groups of partial back irradiation
Number of case 1| 3 ‘ 5 ‘ 6| 7| 8|11 |13 |14 |15|16 |17 | 80|81 |82|83
Irradiation dose (10°R) 1| 3] 5|10|15|20( 1] 3| 5101520151515 15
Recovery time of unconsciousness | 4| 5| 5| 7| 5| 6| 5| 3| 5| 4| 4| 6
Survival time (*killed) 7d¥ Td¥ 7d¥ 1h| 7d* Td®| 1y 1y® 1y¥ 6m| 1y™ 18d| 1y 1y* 1y¥ 1y
Pathological reflex — === == == =|=|=]+4| - — | —
E Fasciculation — | ===+ +—=—-]= | ==y = =y =y ==
E’E Transitory paraplegia — ==+ + |+ ==+ +]F+!+ |+ 4|+
E E: E;:;‘gf:;fa“‘“’"m’ time of 93h| 48h 24h| 36h| 48h| 48h
Incontinence — == -+ === =|—=|=]+=|=]|=|=1
Change of irradiated skin — | == === —=|—|=|+[+1H|FFF]F
-a Change of irradiated dura — === *x == F| =+ +=x]| =] =
% g, | Discrimination of irradiated | __ | _ | _ | __ +|+l=|=(=1=[=|=1l=|=]|=|=
S g |area - ;
§§ Reddening and swelling — = =44+ |_f]__ [ [ ey = =y
Necrosis — =] === =l === === =|=|=| =
Inflamation of blood vessels | — | — | — | 4= | =+ | —= |+ F|F[F]F[FTF]F+]+
Infiltration of microglia — |+ |+ H =+ HFFFF [+
-g Dilatation of blood vessels | — | 4+ [ + [ 4 | H | H | — | — |+ | F |+ |+ F+ 1+ + |+
~ | Capillary bleeding = e e e R A Y A
g.. Hypochromaticity of neuron el et + | + . 4= ==+ + FI+ +]++
| Deformity of neuron = = BB+ R ]+
% : Atrophy of neuron — | =] === | - ||| +|F+ | H F+I1+|+|+]|+
g2 ] |
2|5 [Dianten of e~ R
K e e R R L L R e e e e
&% [ Change of nucleus — = F F =+ F ¥+ |+
g — gm?is: of gelatinous |+ +|+ | + 1l = = I (IR TI INYTE TR I
#|_[Demyelination — =T T = T T T T T I T T
Deformity of neuron —|=]1=1=1=1=01=1—-1Zx|+1+1+11+=]—=; F
8 | Infiltration of microglia 4+ |+ |+ |+ F ]+ F ]+ |
:.:; s1‘:1;iallz:;t;aticm of pericellular ===zl £]= || +|+]+]|+|+ ! +
% gg:;atmn of perivascular ===+ +l ==+ + |+ |+ ! +l++ +
| Dilatation of blood vessel ==+ T+ T+ =T+ =TFTF T+ +1

RECHKELTH ), B, & 2k S
g, REEETRRLR . RUPBSRCKT 5
PEAIIE D 5B 11 10,000 R BL_RI 20 B 7 s [
T LenBERCH L, 2 cuER0H 52 o
X\, JBREHE & FEIRAHT & o miEEfia O gEE o B
HERXKFNIRETH B . o BETEF P ok H i
EERIR BEA R L TR Y, = ok e
TR, 7l RSFRE X 2 PRz R
HTadies. b ERHEEREED —F

THHS EEbhS.

3. FHioM B (Table 2)

1) fEINEZER

1) MRIHBOIRE « 261 7 BRI LIPIC 38 3o i
B3 5. JEE% B e Bns U A s B
H. K5 EKAR, WREekLicy. 3,000R B
TR RE C RE 2R . 5,000R
LA B B0 ikES & 7 b iR pEREE AR L, &
UERE, BTREECT T T ERL T,
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Fig. 4 Localized complete destruction of the co-

rtex with massive bleeding and proliferation
of glial cells. Marked dilatation of small
vessels with infiltrations of imflammatory
cells. Case 57, 20,000R. Irradiated field of
2cm in diameter after 7 days. H & E (X
100)
AT

Fig. 5 Higher magnification of the same case.
(% 400)

FTBEA L, ROBBIC 1 5 & Eaiibh
5. COEFHRERHRORE L kB L, B
HHER24~30RFH Trafd 8L < B S R/ED b
SLERFEDTTRE & 7o B SR IERES ST AR T, L
P LABIRFEILAPIC 1158 e ik 3 % . kiRl
¥ X EBHHRE Il T BT Hh B, Case 7
(15,000R) 1% EFiOZE b e THIR 0N R S 2%
2&H b, Case8 (20,000R) & Ikic—iBikofmHE
MiGiEni A bivie. Case 8 [ XIRSHEE, RGO
HERS b, hEDH NEHORERENTEO

i

Fig. 6 Cortical scar with vacuoles and marked
gliosis, Thickening of pia and arachinoidal
membrane. Case 68, 15,000R. Irradiated field
of 1em in diameter after 1 year.

Fig. 7 Onion like fibrosis and thickening of the
wall of capillary vessels in the cortex. Dege-
nerative change in ganglionic cells and mo-
derate infiltration of glial cells. Case 72,
10,000R. Irradiated field of 2 cmn in diameter
after 1 yearH & E (¢ 400)

R 7 HEPCiR A bh 3, X il
BaiA bz, Cae6 (10,000R) VLRSS 1 K
M U et B olElE & 2 ootz el
ERbhi.

i) PIRAYZME © 5,000 R BAF ikl 28t
e, RN —33 5 BIE & #8110, 000R
BllcAibh, Hill-emitizshbhiw. BRI
B & 2 CLR I W 3 FER O TR B 2 IR ST 2 i B 1T
FEWELR LCfT &, RS bR —EEE 35\ C
M BN LIt s 5.
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Fig. 8 Fibrosis and thickening of the small ves-
sel wall in the cortex. Case 69, 20,000R.
Irradiated field of 1cm in diameter after
lyear. H & E (x400)

Fig. 9 Complete destruction of ganglionic cells
and small capillary hemorrhage with prolif-
eration of glial cells and iron deposite in
the irradiated field of the spinal gray subs-
tance. Case 16. Partial irradiation of the sp-

inal cord after 1 year. H & E (x 100)

I

ii) MM RSO B O Ml
PIEFEEIMERRS Y v RO & 5 mEX »
Case 6 JZ U Case 7D 2fichbiii. —iz =
OO EMME & MM FEMT 5. Lol
FBAHBLEI M & RE 2R U e MaiiZs bh b .

FREPI O MM b R e Fe fin A B s pii
BRI IoL. Case 7 K18 8 I 13 REHEF I &5
Wil ot . — BT PME © Fe i1y K B
Bl Lt X Wi flv@ L ThkE il
M2 SR isy.

BAEFHEMREQHER B8 H18

Fig. 10 Higher magnification of the same case.

H & E (x 400)
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, FReBiilsT 5. MR E BRI L
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HERBRECRE Showa/ilan, > vt
T MRRRE O By EET 525, 15,000R
EL BT fBEHEF A o fEMIAL S T EH g e 2R
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FEBEHR o MM b B E 025K AR
RIS ENALNDHNBHEFRAO L h L 134 B
Eaic 35, BiHgvith sz oZebix
B 2R & e D 2 coBER 7o i85 Tik Microg”
lia OBEAEENTZTOMELE e is o &
IR, 3,000REAECIE Microglia 138
SHBAHER B i\ DB EOREILES < e n Al
SHHC A Shs . BREERBIRC 5T
HAEE A VHLE & 7 b Myelin $4 B3 5 paic fERES
5. OEO LA T AMER, BNk
DML EIX15,000R L kicd & bz,

2) REsR

5,000R AT @ 3 Flix iR Epc Bepi i { 1 4R
ALz, BEFOSERI AR5 =
Lk EEE T oS, AUEL Case 14 (10,000
R) WELCTHEBRET Ei, BERETR
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REMBZERC S TA BRI L A mE ok
WAFEEL, NIEIEE, PEHAZE L Abhi.
Casel4C13 K HEN © EM M 0 IR & HTHED
Bk s BEWK ALK, B, Microglia
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bhigw. KEBEECEHERNOEMMETIREL
CHRMERZ FER L, 4B TR 7l H i
NHEbRB. o FEO BIEORE RS L
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E—F+ 5. La L Microglia 134955 #7E
T5.
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PR OMMEAT Fiz Case 8 & [AEE, MiRdlan
EEME( LD Lot

4. FFBEOI 4y EIBE
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EREE T 5 LB e ot 500R BEHEEC
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IEARERIE D RERIATEI3E B ROISH B b &
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9

hafhcinoiz. UL, ERBAS oM
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B C BREB IR L T e,

FREEERZE L & LT o M & 313
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VLR U CIRRgA KR, THE L, EREEG
KT%. BRASEEREE% 7R3, Microglia
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1. RERFFCT 28

PR Al JE TR SR oS o T o
W 132\ N B PSS o ToCB R YA SR e v file
TSRS 5 W 22 bk 2.5 T AR SR v
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BHRTWEWD THEERIC ST Isozol 12X

B . RSB RS A 1T T 1o B oo #R 454> E R 4T
FETRRERO M X 2 BIFEF %8 % fosb BEE:
EATHIe a2t ARSI A 2o 7o D TR &
e BEOBE X 5 BETFOFhLinrotk.

FTARTOMMEEARIIES 2 LI LB L T
HORfRC X 2Z2ex b &, #oRem st
OHLES, AT EO T h X b —ERIEL s
Wy OB LT oBEORFHELY 2 X 5
L L7, Lo LBNIC 13 % 0 TRgHR o (K &R
SHETIXARE L B Th 5 1, BB
ZH, @RI X B BRIk E CHEEME Y R
fo. FERHRE B iR IRl Th B
oD@ e b T,

TER D X HREEE CLE RFFHICE 5 IBAHL F o B
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FriEft % 5 2 5 /i3S o MESENFHE
5. X0k, BIEPT~OBELSRH SR
NS TEDOBEFRENK LI DD TEDOEHEY
\RI NI, Zof, BRETHELFHASR
T35 %Cor BH IR D ETLHEFITHS LE
h s, By, v #USEARGLA A T\ Fod B T
L0 5B H 5 AEB TOMBETPNEL,
BEREE AR L. XRIEHEED Haube %
3 LT O IRMER 3140~50mB /i1 .55 2389Co o 4
WIE T 1 mR/FFLAT CRAT L O 88
HIZKS . IR, — O B R o SRR b O
#B5r DIRGG BERHED WFEH O F e LA LR
TORELY BOFMNXIR L b Do THRETHE
MHO—EDTRE TR Y MO F 1% B2 5 %
HHIC I B. > bk, %Co v #io> Energy i1
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ZI 200K VO XHICH L CEMT/ X0 TH
THCHEACH ¥ W aFtiie 35BSt
WRTY O FHH»EFTHS . 78, Tubus, Cone j¢
EDFIR X b A FER L1 5 o LR
OHE LY LITFEME AR LDEL . KiEFET
VAL D 2RIR X D 43cn DT B B Fo bR 5516
BREWC DN T oRERARIERTHS. UL

BARESHHMF W s B1%

D EH bR X OFio Bhhici ©Co v ol
PNEREDBR T X L v EF Ths & iEH L
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2. RSO T X 5 E1 L

AR ALK L AR B He U C SRR s
L, M brERE Lo 5 kizo Bt
DBETH B EE LR TR, —F, o
SRR BE, —EOW NI AR CRIET 5 Neuro
radio necrosis 3 Fischer 592 I 0 i T4
STk, 3% < o RIFEEF BN & R 1810
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KECLEERE LDTPL T, BEEERE
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ski - B wiEIE O 581 ME Lo TSk
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11)34)85)52)’ %&Eﬁiﬁsa)ﬂ)%)’ fﬁﬁzﬁ%zm-iw t(: &.“
THERALRE.

Clement'™®3 4,500~ 6,000R T Blood-brain-
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