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Studies on the Electrons Irradiation on the Kidney by using
Radioisotope Renography
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The renal function following single irradiation to the left kidneys of rabbits with 12 MeV electrons
was investigated by radioisotope renography, and at the same time the histologic findings after irradi-
ation were also studied.

A)  The results obtained in the renography are as follows:

1) Group 1. irradiated with 1,000 rads. No abnormalities were recorded in the both right and
left renograms in 40th week after irradiation.

2) Group 2. irradiated with 2,000 rads. In a few days, the left renogram showed a temperary
increase in Cy, then it returned to a normal pattern. Fourteen weeks later, the left renogram began
to present a slight obstruction pattern and in 30th week, it showed a severe obstruction pattern. On the
contrary, the right renogram did not show an abnormal pattern, but in some cases, an increase in Cy
were revealed when the left renogram showed a severe obstruction pattern.

3) Group 3. irradiated with 5,000 rads. In a few days, the left renogram showed a temporary
and marked increase in Cy and prolongation in Ty, A few weeks later, the both renograms showed
obstruction patterns. The obstruction pattern in right renogram appeared earlier than that in the left
renogram and tended to return to the normal pattern.

B) The results obtained in the histologic studies are as follows:

4) Group 1. Little changes were recognized in the both kidneys until 22th week.

5) Group 2. In the left kidney, the various changes were manifested as time passed. Namely,

after 20th week, loss and atrophy of majority of the tubules, fibrosis of the interstitium, thickening of the



W Fn494E 7 A25H

505—(35)

wall of vessels etc. were recognized. In the right kidney, little changes were recognized.

6) Group 3. The various changes, such as atrophy of the tubules and glomeruli, thickening of the:

vessel wall and capsules etc, were noticed in the both kidneys in a few weeks. But, changes in the right-

kidney were not severer than those in the left kidney.

7) These phenomena of the right kidney in 3) and 6) might be explained being related with al--

lergic involvement.
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Fig. 1. Method of irradiation. Rabbits were fixed
on the exposure table in prone position and were
exposed to 12 MeV electrons under the thio-
penthalnatrium anesthesia.

.
M5 FH 38k #5755 % thiopenthalnatrium |z 7
BRI B, ER vz L rof
ExfERLTHhHb, 4X5cm? @ cone |2 THL
L YT MIBS L (Fig. 1),

BB R E BB R FE B 64 358 LMR-
BREEBRATA 7 » 2% F, BF=xAF—12
MeV, £ 5 B IR #E90cm T, 4 1,000rads, 2,000
rads, 5,000rads DEF 1 [EESHE 47 /e o 1=
i, WRETORR &I b FRREBLSMEE OB T
KL fih, To2BLEREEs BT, 0
JEQ ¥ coEEHI 20T H B, F = THEE
TRIC2TiL Radocon #4551 (probe No.607) 1z
build-up cap (12 t) * 3L, WA (6L,
RUHIC =T % field size 4 x 5cm?) D 4410
EWE Licfliz boTHb L.

H AR S J i fy S e o

W34k TR

3. Renogram 5 Jju:

Renogram #(FiL 2 KF, 2 RO L
V7 LAEHEUTCI2ZRIT, vvFlr—s gy .5
7 # 2 =& Nal (TL) DS 2% (50.8mmx 50.8mm
1),20) 2 —=%—k2"¢D cylindrical hole ¢y
L DOx AW

Renogram % kx5 i A thiopenthalnatrium
CTERREE, EEMDCEE L, M2k oA
BEHERL, 22075 7 2 — 2 UBHEYST
BT, NTEAF 4, bl 181 1.Hippu-
ran (1pCifkg) > H#lR X D BE w AL,
TEHIE & R G X e e

4. Renoscintigram }§% Jj:

Renoscintigram (341 5 ,, | #I 29Hg_chlor-
merodrinZ H#HiE X hiEA L, 1 [RifEl# 1< thio-
penthalnatrium CHREEE, JIAAEIC 5 L Clt
By vFAF 4 F — (RDA-207-3 F) 1o THEE
Lfc, ¥ vFr—-2—i3374x2"1, 2V 2—
2 — 3R EEHE10coC hany comb F437hole o 3,
DT,

Fig.
Seg. A:
Seg. B:
Seg. C:

[ e ——

2. Schema of a normal renogram.
vascular segment

secretory segrnent

excretory segment

Ca: appearance height

Cyg: peak height

Ta: time from injection to appearance
Ty time from injection to peak

Ty: time from peak to 50% of peak
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5. Renogram [ o il

Renogram [ D fiFHT1Z Winter®, Fg1® &1 4
te. Fig. 2 oflili.C P S ol Bhlic s
%.Seg. A I3FE & LCF~0MmMIEAAE X 0
Mk D OBGHE%Z R T4 (vascular segment)
“C, Seg. B3z X L Ttubular cell%18]-Hippuran
ANEET ARG, b bR © 4 Xhb EA
w753 % @ (secretory segment) ¢, Seg. C |3
LTS 5 Bi-Hippuran 23RS T gk
18, Fedob REGHERER R T 0O (exoretory
segment) J- XhH T\ 5.

Ca : Seg. A OiEFIIUAE

Cu : Seg. B o Jfiiq HIfiE

Ta: A FicgEd% ¥ CTORERH

T : BRITET 5 ¥ CORFTERH

h:Bﬁﬁ%igéfTﬁ?%Gmﬁbt%
MlThHs.

YicHirakawa 59732089~ % renogram index#
LT, EEMFEMA{T/c2o7-. Renogram index
DIHYIFig 3 IR & 45 p (B=AV 4 B0

CPs

_(B-AP%(B-C)°
BZ

b

o

15min,

Fig. 3. The renogram index propesed by Hirakawa.
A: appearance height
B: peak height
C: height at 15 min.

THY, 154, EH L2555 renogram i
ROBAEXB=C & Li. ZDiEh, AiH® Cy,
Tw 5k Ta L5 BT renogram g
Pl % T i otc i b B 5.
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6. ARFEABRR

ERERRICB00 5B D 5 VX BIEBERER R
BoNBAEREBZE Lk, ~~rFv ) v
=4O vYh, SARE 7 uF -y sYm <
v Y R E R L C e DR, HE, MER
U R OO BEE L. M, £RAR
WO BRR BB BT 5.
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A. Radioisotope renography 7 5 renoscin-
tigram [ X % #iR

1. EEFERE

1) Renogram phfgizow (Fig.4)

Fig. 4. The '*']-Hippuran renogram of a normal
rabbit,

IEWHRED renogram R IFESHETAA & —&
kAT 245 (Seg. A), ThiTHToLd5b
i curve &S AL, THA T ET
% ¥ TOHRL (Seg. B), ¥k L OTEAN BT
7o EOTRBIIIEVZE ¢ plateau % ;R3S
4> (Seg. C) D3k HKIT2T b, S[EIHE
Bt LICIEWHR B22F] D renogram HIEE D £,
HORKEEX (CPS), kL URHERT®RD &%
NTH5.

Ca: 0.3~ 0.6X 200CP 8

Cu: 0.6~ 0.8X 200CP 8
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Ta : 20~40sec.

Tu: 2 ~ 4 min,

Tu: 3 ~ 6 min,

FIIERHE M renogram index @ SEIS{E 13
0.687% 0.063THof-.

2) Renoscintigramjz -2\, ~T (Fig.5)

NORMAL

ﬁ{m@i

Fig. 5. The ***Hg-chlormerodrin renoscintigram of
a normal rabbit. (prone position)

ERFRROBR AR X, mlkRE L
RSCHFEETEFIET XY $3F L B
BEL, TOT&E2EE HMBEE C#EL, &
Bl 4BopRETETILVS. EFHRR
@ renoscintigram 3 Fig. 5 CRd X 5 I EAE
DFFIFAIMEBIR YRS ELLTWE. O
BEREEL, Sl LA bEM L
WA Z Db,

2. [R5IEE

1) 1,000rads FEAHHE

Renogram TEF LA ORKRML 7 HTHh
a.
Renogram pattern TZ4 % &, [EE40EHE ©F
% ¥ CoLRNCRs T, BAW, JERHEME
CHEATREE B bhichok. Fig 61k
FRAT40H > renogram TH b, WM, EW
curve Hffi\~TCi+%. —Jj renogram index o3
BETAHATH4BHCES ¥ T, LOERXFTIE

HARE S e et Hsek H7%5

-~ 1000rads 40W -

D L et e

Fig. 6. Fourty weeks after 1,000 rads irradiation.
Both renograms show no abnormalities.

KOQOrads Irradiation Group

contred (QEHTE0.063) I!-__j R

----- L
L, I | N SO |
D i s W
) T

4

RENOGRAM INDEX
288828823885

w2 4 6 0 4 |8 22 26 30 40

weeks
TIME

Fig. 7. Changes of the renogram index after 1,000
rads irradiation. The renogram index of the both
sides show almost normal value in 40 th week.

WM S D, Tu, T, Cu b IRGHT &2 67
W (Fig. 7).

COTFTHER LIFKR 7 F D 5 b2 fn B
408 8L) B L, #RUGHEEETH o,

Fig. 8 134558 o renoscintigram -GZ b, reno-
gram L[k, ZAA 28 kixTaw.

2)  2,000rads JE4HTE

ARED 5 & renogram TiEZE LI FKEHL 7
Ths.

Renogram pattern A% & A 1x IBE 1 B
®’Ih Cx kAL Tn OIEEN BEED BD

bhie. Fig. 913 3 HEED renogram THbH, JE
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. 100Orads45W ;- ¢,

Fig. 8. Fourty-five weeks after 1,000 rads irradia-
tion. No changes are noticed in the renoscinti-

gram.
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6 LS e SRRl 42

Fig. 10. Fourteen weeks after 2,000 rads irradia-

tion. The left renogram shows a decrease in Cy
and prolongation of Ty. and Ty The right reno-
gram shows a normal pattern.

The left renogram shows a more increase in Cy
than that of the right renograra which shows a
normal pattern.

FESC T Cr O L7 & BED Tu O ER
B@EH bR, ZOZLIR5 A% THIRL,
FOBTBHEA BT ER L Twic Cu 135k 4
TFBEL, JERBEMIO Cx LM UE SRS, T
bbb, MEHHEER CAEAZED R WIETR R
pattern Zffi%, = OWREEX 1084 ¥ T>3<.

Fig. 11. Thirty weeks after 2,000 rads irradiation.
The left renogram shows a remarkable decrease
in Cy and remarkable prolongation of Ty, name-
ly, a severe obstruction pattern. The right reno-
gram shows an increase in Cy compensating
the left renal function which is injured.

4Rg i 5 LB Cu o T, Tw, Ta
DIEENH i, Seg. B L Seg. C o BT H5
LB A ko kL LTHER % #F Ot curve
wits (Fig.10), ok, MEHIO Bl
BAETL, S0 E Tt Cu OfE - 3FEE
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75 curve i X HHEEEORE ¥ RT LoD
(Fig.11), Z oM, JERSITIRRBA EELER
BIpA, B oL Cr D ERAYRTIO
BBY, BHich b RBEMIOBKEERES > U320
DML TH 5.

—7}j renogram index TL 2% EEGHEl, FERE S
R, 1088 % THRA CERHEYRT. B
4B B & 0,522 o{Efiam L, 18
ik 0.458 L BI{ETF L, =& ¥IEMEHAIcIx
0.632L IFIEHEARL, 3ok b Lkkh%
TRDBH LS. Fok, B EFCET
L, 308wz 0.352& i bEMEX R L. LR
ST 268 HziE 0.557, 30EBICIT 0.597 L
PRETTBH, ZoMoRci-TFhER
lERL, BB bas kg 0Ll
VW (Fig.12), Twm, Tu 22T Hh B & BEMITI0

7 contiol (06874 0.063) LR

e F-d L

Qsf 1
g o PR T
g os = ~]
g o 1
3 o4
8 o3
8 az

ol

Melz 46 0 M8 2 26 30
TIME esks

Fig. 12, Changes of the renogram index after
2,000 rads irradiation. The renogram index of the
irradiated side begins to decrease starting at 14
th week, ‘followed by gradual and progressive
decrease. The renogram index of the non-irradi-
ated side shows mild decrease at 26 th and 30
th week.

B ETIIRA CEERMELRTH, 1458 Hix
HLVERZ R, WETREE 5. JERGH
Tix Ta, Tu ik ORI & M~ TEFE% 5=
L, Cu RAB LA >R 2R3 300 H
.

Fig.13ic 7R 4~ T & & 2,000rads fBHI40:8% ©
renoscintigrami%, ME44{llic2*Hg-chlormerodrin
DEFIFRA Ele\ 2 Eavbon s (Fig.13),

HAREERHRESMEIE B4s H15

~ 2000rads 40w

il e M chidnl wind At G e ]

Fig. 13. Fourty weeks after 2,000 rads irradiation.
The renoscintigram shows that the left kidney
had a poor uptake of **Hg-chlormerodrin while
the right kidney had a normal uptake.

DTGB X b RAHTR AL —F Ui
ERHRLRIH, TR, ARAIER, AERORC
BIERENR 7 & DIERIZ 2 BRinhvoie,

3)  5,000rads fiEsHE

AFED 5 renogram CiE%E L F RN 8
Th5b.

Renogram pattern {20\~ Tk B & BSH © 1
s B X vEWR Cu © 5, Tu, Tu OUE
&R Biviz. Figl4k 3 Ao renogram ¢

e

Fig. 14. Three days after 5,000 rads irradiation.
The left renogram shows a rernarkable increase
in Cy and prolongation of Ty. The right reno-
gram shows a normal pattern.
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B o IEEHEz: Cr @ bH, Tu, Ta OIEEHGR
B, FORRERE 2,000rads JAS X b dEMIC
EHCH S, BEHICTER Lic Cr iz r08HB
2R AT LTI EA <. 2 ~ 3BT
Ty, Tn BEEL, 4~68kics L Cu O
F, Tm, TaDZEHIIER, %\ ik Ta OFEH
REEIBD curve iR L, EEOFEIEREE Y
2l 20X 5 /BHHITIX renogram pattern
DI L4 T, HETETh B0 L, JERS
WCIEBEH 7 HE T TRRA EBbER R E v
D, 2~ 4BEIIE Cu DET, T, Tu 0F
Wi IEE &%, Biicd O Tl Cux DEW24
L LT curve  Hid b dbHhbh, O
Rz ts L AJERSH M 0 H 2 BEEHI X b 251k
DN Blbhd X5 ThB. ZD X5 ICIEREE
b e E G oD b b DR,  5,000rads B
OB TH Y, RN o BREEER 1 ]
SHIE v SRR, R CEET S AR
R, S ILBS 2 ~ 4 A IR RS
P 2 R DEERERIE SR L D fe DB, 658
Bichao YEE L, WildE, BEH Z{L ok
W curve F R A3, O 8BEICT B &R
FHUD R i ESN R Hbhic (Fig.15, 16,
17).

Fig. 15. Four weeks after 5,000 rads irradiation.
The right renograra shows a decrease in Cy and
a delayed Seg. C, while the left renogram shows
a pattern similar to the normal pattern,

511—(C41)

A T S i

(e £ L
Fig. 16. Six weeks after 5,000 rads irradiation. The
right renogram returns to the almost normal pat-
tern. The left renogram shows a normal pattern.

Fig. 17. Eight weeks after 5,000 rads irradiation.
The right renogram returns to the almost norraal
pattern. The left renogram shows a decrease in
Cy and an absence of Seg. C. (The renograms
shown in Fig. 15,16 and 17 were obtained in the
same rabbit.)

Renogram index T % & JBHHITIL 3 BT
11 0.504 L 22 ETAERL, FOBREILETOE
BHIL, 4B 0.493 L 2 EAT B2, 6
WHEL 0.413, AL 0.240 & FVRICET
L, @kE LTah5 &L ORI EIFH ORER
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EFRIRANET T 5 0% bk, —FHIEREH
THZOfER 1 BB 0.609 2 BIFTEETHS
23, 2B 0.499, 3BHICIE 0.453L o
ETL, 4@8BI 0.246 L AW ET Lic. %
DR, 6FE 0.288, 8BEE 0.284 L EfED ¥ ¥
il Lic (Fig.18),

’ . —iR
09 -
o8
g ar I’:—-—
ol T ~— o] gl e
& o2 \J—/’+ i[
al i
befoee 3das | 2 3 4 5 6 7 s
TIME

Fig. 18. Changes of the renogram index after 5,000
rads irradiation. The renogram index of the non-
irradiated side is lower than that of the irradi-
ated side starting at 2 nd week until 6th week.

EOHORBILIBAHBAICc—HK L CHE, €5
vinmbh, TH, AR, GEBDROBIE
B EOfERD B bh, BHILES : CCRA
EDBEIE L. IERRGHIl DBSREIE T »3 E118 % 5%

HAEZERHMFESWR H34k B75

T DOF D EIPRIEFT B AN B 0.

B. fHMRSEMIGS
MR, BME, IRAIE, MR
X4 Uit Lze.

1. 1,000rads f&8#% (Table 1)
CORRIRS3 B, 4815, 224 3
TREBRL, ThThoBrillrmci L
gt s HECuBER, JERHMC T,
EETRd 20, AEEE > o, Filiril
BDICH, TOMOBITRD bhish ot 438
BCIRRHHIT I Tz 3 B & R S Bk{k &
MEWEEED 5 olfl, ik Bdint, 433
D Liviehote. JERAHICI R 5 o, 7
liih e <, ZDEMIC IR ORMBFIEL LR
Blghofc, 228 E TR IRSHI, JERE Itz
B3R bhighsote.

2. 2,000rads FHH}#E (Table 2)
CORORELIRE 3 A : 330, 458 3
H, 20~268%: 3 (20, 22, 26WE: 41
) OEFHOMeo%, LhENOF LM
CRR L. M4, 208l Lic 130 % B\
T, XDEBMETNTERLILDTHS.

Table 1. Histologic findings of the kidneys in 1,000 rads irradiated group.

Time After Irradiation 3 D

4 W 2 W

Animal No. 127 128 129

115 125 126 108 109 110

RILIR|L|IR|L|R|L|R|L|R

Kidneys L|R|L ‘i R|L|R
|

Capsule | Thickening

Swelling
Hyperemia + | + + | +
Atrophy

Corpuscles

Renal

Thickening of
Bowmans® Capsule

Degeneration
Atrophy

Tubules

Swelling

Hyperemia + | + + | +
Thickening
Edema
Fibrosis

| Vessel

Interstitium
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Table 2. Histologic findings of the kidneys in 2,000 rads irradiated group.
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Time After Irradiation I 3 D

4 W

20W

22W

26W

Animal No. 130

116

123

124

113

112

Kidneys L|R

L‘R

L‘R

R

Capsule Thickening

[ +

+.

|
| L
{
[

Swelling

Atrophy |

Renal
Corpuscles

Thickening of
Bowmans® Capsule

Hyperemia | 4+ + 1+ | H# !+

+ |+ |+ # | +

+
+
o+
+

Degneration
Atrophy

Tubules

Swelling

Interstitium |
| Vessel |

Thickening
Edema

Fibrosis

Hyperemia + |+ #H

NO.33

E

Fig. 19. Macroscopic findings of the kidneys (fourty-nine weeks after 2,000 rads irradia-
tion). The left kidney is, namely, a contracted kidney and its cortex is very thin. On the
contrary, the right kidney shows compensatory hypertrophy.

JEg 3 BRI BN 3o THRERE & A8
5 o, FMAFRD BRien, K—=< VP, Rl
B, W S 2R e ot 438
BITIRIBH N 35 Tk LR O LD 13 h I B
DIEE, IMEEED BRIt & A5 Bivicas, TRl
BRI A EBE LR B Tehote. JEIREH
TIRERE D 5 - 1M, FeiblsoZ ks
AEZBRIghoke. FRgI20~26E%IC e B LR
ST AR ER] LB Y Bd b, Tieb

R

BIRAIE LR OFE, WKk, A—< O,
MEEED R 7r £ b BT, BFHfkoR
FELtoREBA R LT (Fig.20, 21), —HIER
HHCILBETIEH 25, WEOIE, KEREO
e, WEBEOIEE, MEOFE L 255D b
fe.

3. 5,000rads [E5{HE (Table3)

COFORFBXRE 3 A 3%, 38 : 3
H, 10~1138% : 3PoFitoPco%, Thi
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Table 3. Histologic findings of the kidneys in 5,000 rads irradiated group.

HZREE S e S MERE B4l i 7

Time After Irradiation 3 D | 3 W 1ow 11W
Animal No. 121 134 135 | 91 | 103 | 133 | 104 106 | 79
Kidneys LRL.R L{R.L‘R.‘L RLIR.LIRIL‘RLR

Capsule Thickening ' + i . ‘ + | + ‘ H|+|+

o | Swelling TR T : o

_'% | Hyperemia HiH | H |+ [+ |+ ]+ + + |+

EE | Auophy ++ [+ [+ ++ [+ + +

O Thickening of
Bowman's Capsule +

o Degeneration +l+ |+ |+ ]+ F

Z | Atophy o S R T S T

= Swelling -+ + + | +

g g Hyperemia H# HI++|+ 4 4+ |+ |+

= | & | Thickening STy S + |4

g Edema - + |+ 4|+ +

[ = Fibrosis | ‘ [ [ + | i

Fig. 20. Microscopic findings of the kidney (twen-
ty weeks after 2,000 rads irradiation). Atrophy
and loss of majority of the tubules, atrophy of
the glomeruli and fibrosis of the interstitium are
seen in the irradiated kidney. H.E. stain.

OB AR Lz, 4, 3 HEiC 33
T, MBI 1 PEBR LN, FOE BT
LicbDTHA.

fg) 3 A T BEHINC 35\ Tik 2,000rads I8
GERE & FRCRERGE & M 2 5 o ift, T A &b
NrH, FOBEL 2,000rads JEHEE X b Eas
ICETH 2. JERSHINC o\ TisER M & 1l

weeks after 2,000 rads irradiation). Thickening
of the vessel wall is seen in the irradiated kid-
ney. FLE. stain.

EWEEEED 5 o lll, FMA DD, FITHD
ot 3R JREH I s T SRER R
EMAED S »Il, FIMEFFL 50, REEOE
fid, FRAE LR OB, MEOWEEN &3S 5
e Z ORI XIS 35 T b RERED
i, RHE LR 0%, MEOEMER £
Bivicdy, MRS X D g CH o, 10~1138
' s LRSI cx Lo i —EEY & i
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Fig. 22. Microscopic findings of the kidney (ten
weeks after 5,000 rads irradiation). Atrophy of
the tubules and glomeruli, and protein mass in
the glomerular lurnen are seen in the irradiated
kidney. PAS stain.

weeks after 5,000 rads irradiation). Atrophy of
the tubules and glomeruli, and hyaline cylinders
in the wide tubular lumen are seen in the non-
irradiated kidney. PAS stain.
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ek, G [
Fig. 24. Microscopic _findings of the kidney (ten
weeks after 5,000 rads irradiation.) Thickening
of the vessel wall and atrophy of the tubules are
seen in the non-irradiated kidney. PAS stain.
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