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Studies on the Irradiation Effects on Normal Organs

I.  The influences of y-ray irradiation on the renal function in rabbit
By

Kazunori Fujiwara

Department of Radiology, School of Medicine, Tokushima University
(Director : Prof. Dr. Fumio Kawamura)

Radiation effects on normal organs were examined. In this paper, the influence of irradiation on:
renal function was investigated.

The radiotherapists have considered the kidney among the organs resistant to the effects of radiation
in clinical dosage, so there has been little attention paid the effects of irradiation on the kidney. But
recently severe damages, such as nephritis, hypertension, degeneration, and other morphological changes
resulting from massive doses of irradiation have been reported by several investigators clinically and ex-
perimentally.

Effects of radiation on renal function in rabbit were investigated by intravenous pyelography with
respects to (A) successive changes of exretory function after a single exposure and (B) the effects of time
factors for these changes.

(A) Irradiation of 300, 500, 1000 rads in a single exposure (tissue dose, 50 R/min) were applied
to the left kidney of animals and intravenous pyelography was exarnined before the irradiation as well
as at each period of 30 min, 1, 3, 5, 7 days after the irradiation.

It was showed that depressed renal function in rabbit was observed by local irradiations such dose
level as 300 rads, and it was proportional to dose applied.

(B) Two groups of animals were irradiated 300 rads. Ome group by 5 R/min., another by 50
R/min of dose rate.

To examine the effects of fractionation, 1200 rads were irradiated in 6 and 12 fractionsin 14 days,
Pyelography was examined at each period of 1, 2, 3, 4 weeks after the beginning of irradiation.

It was suggested that, as to the dose rate, when a certain dose is given in a single exposure at a high
dosage rate, it produced a greater effect than the dose given at a low dosage rate, and when over all time
and the total dose were constant, the more the fractionation numbers were, the smaller the renal changes

were.
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BRI X 5 BEEE oRESH R, EHcH
TaEROBEEOWE L & b I AEAK S
CIDTHELLEEShBYD,

JEERIESS O B AR A BRI 3 W TR IR T,
B, MicXoBEBELAEHENEENDL 2 LHEL
Th BB OS5 EED £8] L B
B, BEEFEEWER 3 5 B o BRI A BT
FEL YA

B o\ TR ERAN I AR DB
FPODODH L x b T B AEREEC S VTL L
ELIEEBRAEECRKFANHME RT3,

BB DA U B SRR O o B
Feow ik iEcoBENRE SR T
W5,

B IRE B R E R R B Rk &
LT S, BolhtEEl o B RoMER
HORHMICHAVWbRS.

FAREC S CTIIRROBFRIEO BRI X 55
2 R IRME B i ¥k intravenous pyelography
(LP) % VB OMBENT X 5 FHIZ o
TIRHHE, BERRUHENCOWTHE TN
e

RRWHMRUF X

EEREMD & L T ER 2 ke o R HE A 1F
AL, EE&EE (Fv=vir-MR2) ROK
WCCHE L. BRI ©Co-y fsEfm iR Bss
#iE (1000Ci 2V 109Ci) # Fivs, Mix-DP 7 7
Yi—a (FEE7m) ofMBITRIEL 2 off
PEHEERE & L.

BERIISOR/FBUS RIPTHS.
TRATCEBRPTIRG & LERIESHE (3 x5
em?) FHHE T CRELK.

—[EIfEAHL 300rad, 500rad, J0%1000rad JBFT
MRS, AEIBEHE 100rad 43 HIREHR Y, 200rad
R BFRS & LigME1X1200rad TH 5,

B WBETRAL 5 Fa iz (Tablel ),

FRITEOCCEZE L, IR RikEi1360
%V w2374 vi20ceE#IR X »44510cc i
ECTHEALL. EHETH#L, 3, 5, 7, 10,
15, 20K 0304 I AT S H P TR 2 SE
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Table 1. Experimental groups

Dose (rad) ]?ﬁifin ?236 Over all time
A 300 50 single exposure
B 500 50 single exposure -
C | 1000 50 single exposure
D 300 5 single exposure
E 100x12 50 2 weeks
F 200% 6 50 2 weeks

L, cO—#D7 4 VACDESFRTFleoi.
BEEORPERE, —ERHE T35, 1
H, 3, 5H, 7TH:L, #EIRHEFCIXBAE
WBEEL, 2, 3, 4L L.

EERER

BA LI WR R 0L ORI Te 3 o TR
DNTAS E, 1 BT EETBERCEY &
h, ErCEVRIORE~OHE Y2 5. 3458
IR, BRo&KMELY A LD, 78I
BEEoEFIITTRALRT, 1508 CIIBE,
BRoOUR & FED b5, 305K 1 1k FE
B, Bk, BRo&EHIRE A e
h5 (Fig. 7).

R R ORIt r U, B
SEMARE, BREPRERR, iR
MRS, G oZ K4 HEE L LTFEED
ZbaBET L (Table2).

BREEYIIAR M RIR THR 1 ~3 4% 1E
L 3~54yk BEEEIE, 10~154 % PR

Table 2. Changes of pyelografic findings of

localy irradiated rabbit kidney
after Urografin intravenous injec-

tion

normal (—) 1— 3minj
Nephrografic slightly delayed (+)38—5
appearance | moderately delayed |(4)10—15

severely delayed (HH20—

) normal (—) 5—10min
Nephrografic| slightly delayed (+)15—20
phase moderatzly delayed |(4})20—30

severely delayed (30—
Pyelografic m‘)rmal (—)10—3;5
ReS— slightly delayed (+>20—30

moderately delayed |(4)30—
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IE, 205 WFED EHOLLRR D ORBEER
JEE L7,

BEREEM AT OWTIRESKTH S5 ~10
R IEH, 10~204r 2 BEELRIE, 20~304) % i
BERIE, 300 WCEAL LIk EN IR b oy S
BEBHEE LT,

B, BREoEEREC O W TR THL
~1547 IEH, 20~~30- % IREEESE 00 KES
b IR B @ a G\ b O SRS L.

RFICER, B, REOEH» LHE L.

= OFIEFLAET & ) RFTIRHFEEE OBEEZ L
BHES LT,

1. —[EfEgtofE (Tables3, 4, 5Figs. 1,
2, 8)

A. 300rad JB4iEE (Table3 , Fig.8)

#Co-v % 300rad (50R/4;) BHHERIC I\ TIX
TR0 TR E G R OB R B DRIERE
NI CRIE T 5 4%, i, BRI
ZlewiBoic\, B, B, REKEOEHL
D LR,

Table 3. 300 rad (R/min) single exposure.

—_ 30 1 3 H 7
S min | day | days | days ‘ days
Delay of
nephrographic + + -+ - —
appearance
Delay of
nephrographic + -+ + +- —
phase
Delay of
pyelographic — —+ - — ==
appearance
Deformity of
pelvicocalyceal —_ + - — —
system

MRS 3 B T SREPRERER (% thAEEERIE
L, ®ii, BIGEEREOBIER OLEW % Ro%E
LR EEL 5.

MRS 5 B Tk SEE BRI R o0 MR SR HIE 13 T
ke 5 b M OB ERREC 2%k,

BHETHC X zhboZbxmE L, §R
FEERRDI,DI,

B. 500rad fR&tEE (Tabled)

FRER 30T TR B SR R OB R E HR
BRI & b BRI IRIES 5 & B B AR A B A

BAREZERERESEE @20% H42

Table 4. 500 rad (50 R/min) single exposure.

g _— 30 1 3 5 T
Days after irrad. min | day | days | days | days
Delay of
nephrographic -+ H H# — -
appearance
Delay of
nephrographic -+ H H + ..
phase
Delay of
pyelographic -— + + _— .
appearance
Deformity of
pelvicocalyceal - + + + _
system

DHEEROE R, BROZEW I E 1k bhio.,

BESHR 1 ~ 3 Hio TR BRI O HR RSk
ELWRAPFETEIEL, Bh, BRoEMEREO
BAGRIER %, BER, BRoOBIM RS, ik
HELLS .

MREHR 5 B\ T B BRI i) oo R R A K
OE R, BROZEIMS T 5 L thoZ bk EE
L, WER 7T B TR B PRI o R RSB IE
DA E RO OZELIXEHET 5,

C. 1000rad FBEHEE (Table5)

FRAHR30 T T B R EE R R B O S E iy
& bICEEERIE L, B&:, B o B % 2o
5.

Table 5. 1000 rad (50 R/min) single exposure.

N 30 [ 1 | 3 5 |7
Days after irrad. ‘ min. I day. |days. | days. | days.
Delay of
nephrographic + + | 1 H+
appearance !

Delay of i
nephrographic + | |
phase

Delay of

appearance
Deformity of
pelvicocalyceal + -4 -
system
RS 1 B, BREGGHRMGBECREL,
PRI EBIE L. B, BhEp
HOEERER OB/MELRD Btz

RS 3 Bt B RE oS R OB BT
BEL, B, BROBEHLEHE LS.
SR T BT Th ohb o iz L, BE
HoBW I OB o RS E5RTE, BiE, Bl

+ | H#
pyelographic — - -+ + 4
+ |+
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TRFFH] D BB B HE B OB/ M D

—[E R RS B\ TIE, ﬁﬁgﬁa‘ﬁsom:mrc
BEREEFROPINEOERABD LIS . R
B 1~3 BB WTRBE, BiRoEERE o
HERROEE, BRoERIEIFERCEDLH
5.

JRSH#: 7 BT s\ T, 300rad, 500rad FESHEE
Tk LP. oZHYEiRIER o SEEEL TV
A%, 1000rad FRHIBHC CIXBREEFEOEHIL
[EfH TR EE T 50T,

2. MEERTFHT 5 BE (Table6, Figs,
, 4, 9)

—[E R RS R E Y 300rad THERIZS0R /4
BUOSRIHZTHS.

Fig. 1. Time of nephrographic phase after local
irradiation of rabbit kidney(dose rate 50R /min)

3

8

%30 |ooo| rad
:.;;20 ’/_ %‘%":
s Orncl
7257
E 030 1 55 7

Days after irradiation

Fig. 2. Time of pyelographic appearance after
local irradiation of rabbit kidney (dose rate
50R /min)

8

1000 rad
—0

00 rad

A

)

300 rad

Minutes after urﬁquin injection
o

_— 1 L 1 L L 1 L
0o 2 4 6
Days -ofter irradiation

FIESR50R /4 300rad IBEHEAT 35\~ C 1T RS

BR300V TR EE R X O B IR ] O I EE B HE %
W, 3 HRWCTESEEBRIR R o FhEEERIE,
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Table 6. 300 rad (5R/min) single exposure.

30 1 3 5 7
min | day | days | days | days

Days after irrad.
Delay of
nephrographic - -— = = -
appearance
Delay cf
nephrographic — -— - + —
phase
Delay of
pyelographic — - - = —
appearance
Deformity of
pelvicocalyceal - — —_ — -
system

B, BROGEERBOBE 0BER VLR %R
B . BEES BECE, BEESMEE O
BIES kB D a0, THHTRER:0ERSY
ER Y IN /e o

IR 5 R/4r o 300rad BHFEACTIX, FEEE
309 iZLP. ZEEZED S irl. 1 BRI

Fig. 3. Time of nephrographic phase by 300
rad local irradiation (dose rate S0R/min and
5R/min)

30

/o\g) R/min
%
o /- R/min \
7,77/5657 //

o 0‘ 5 ..) 7
Days affer irradiation

)

Minutes affer wrografin injection
o
o
1

Fig. 4. Time of pyelographic appearance by
300 rad local irradiation (dose rate 50R/min
and 5R/min)

£ 30}

E} ool P —Q\Q) R/min

=1

b 7~

§ LB Zﬁéﬁ
8

LI N B S N

Days after irradiation
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125 L BFEE R EEEE T H 0.

AR 3 B UEREOBY RO PR 0 8

BEVCBIEL 2. 5 HERC 7 BRI IETEHE
LT3,

MRELERS0R /M TIRS L= A Bd b
BE, BREEREHoES, Bh, BRoZwix
L5 R/FBHFEC S T BB bhitd ol

FREEE 5 R/ TS L BT T, S0R/%
TS LBt L B O B E 0 2 ki A
BAREETH Ok,

3. HEIRT N HHES (Table7, 8,Figs,
5, 6, 10)

HEEE % 600rad & L, 100rad 4G H RS KO8
200rad [ HMBS O 2 B2o%, HEhic X 558
DEXEF L. BWEEORHMIM 1 28 i
FRAEIIA 4 1200rad TH 5. HEFKIISOR/HTH
5.

Table 7. 100 rad>12 in 14 days

Weeks after the beginning 1
of irrad

Delay of nephrographic

appearance

Delay of nephrographic
__phase

Delay of pyelographic

__appearance

" Deformity of

pelvicocalyceal system

4|+
|| ew
+ || »

Table 8. 200rad X 6 in 14 days

Weeks after the beginning 1
of irrad

Delay of nephrographic

appearance +

Delay of nephrographic

phase H

Delay of pyelographic

appearance

Deformity of

pelvicocalyceal system

+ 4|
AEIEIEE
+ |+ =] x|

—- =]+

LP. pfZRIBATBIMESE 1 BROE 258, B
HIRTELESBERVEABE L.

100rad 42 H EATRAC T, MRETBARGEESE 238
X Y BREOBE R OPEIER o BE w BEL
7.

%38, 4B CIFEEEYRER O HRE
RFEINEE 2 PREOBIEYRL TV, B, &

AAREERM RS SN #2098 H45

Fig. §. Time of nephrographic phase by fracti--
onated irradiation (200 rad/2 weeks)

Eso » /g_oc;;osnuays
?0 - o__?g;ﬁo’;xgm days
§'°////'/////////W/////
£ G ] ) 3 4

Weeks after irradiation

Fig. 6. Time of pyelographic appearance by
fractionated irradiation (1200 rad/2 weeks)

5

§30-

)

£

5ol . 200rad x 6/14 days:
g / % [oomd x IZNIdu]fs
S

N, m&/

g

2 . . : :

0 ] 2 3 4

Weeks affer irradiation

M OEZIME R O RAHE T 1 BRUE 2 8k
Wics b IEFHEECh ok, MhoERTi
THEd, TR, BER Y OERIZA S hitho
7=

200rad [ H fRSBEC CURBSBRIAEESE 138 X
D3 C B S oo B T OV DR 3 v e
YRdi. Bh, BiRo&EEEMcowWTX, B
SBRIATEEE 138, 2 BT3B E XD
e,
RERHPHET Uik ch 25 358, 48
CTIBREEYRMPSECREL, TEE
PRI & MEEOBIE X TR . = oREITIx,
B, BrEUisEoBREORE, B, iRk
UCRE PN & 0ZEb B bhi-.
TR 600rad, 2 8 R 1200rad o4y A 5
THE\T 200rad [FHBHHEOLP. wwif 3 2 8
VRRHBIRAEEEE 1 X DD bR, KERS oK
T LB MEERRDLRE. ek LT 100

—100—-
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Fig. 7. The intravenous pyelography in”the Fig.9. The intravenous pyelography in 3 days
adult rabbit with normal kidney. after irradiation. (300 rads, 5R/min)
Fig. 8. The intravenous pyelography in 3 days Fig. 10. The intravenous pvelography in 2 we-
after irradiation, (300 rads, 50R /min) eks after irradiation. (200 radsx6/2 weeks)
a5 A CL2 A OB B 1 LA B 1 ~3 HICs\WCR b L 75, 300rad R
BT, O 500rad FEATCC RIS 7 FNCIIER O HiF
RERUER I LT\ Ao s, 1000rad RS TLXEE A
PERIRES RIRY (LP.) Bac X 2 BlkEE AL NIRRT H Ok,
Tk, B—RIRATES B, BIRER ﬁ@j& FEHC VBB 300~1000rad o f5FF—[E A%
I, EIEPRMES R ORIE, Bk, BHEo HHC X oTH RN X 0 B & b i BB hERE S 23 3
T-TT&U%JJ[L, }if'H\, EE@%}%’C@% &)F}hf‘:.
T OZAL B30I Fo\  THEICFE® & h I B, FOHREHMEEED Y L vh,
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2000R AT ot T, —fitd: o BeaEREs o,
2000 R BA LT3, [EA ik o BRERT X 0T IBIAE
EELs EvbhTva . ks VT, B
I B I i b3 5 BRI B0 T BT
W5,

BREML, Fhcsit s REEREE & L <
Albuminurie & O'MESHL » A # o mE RoZ i
L BEA4L, mMEEAMEREhTW5%, Feine
%2000 R > 53000R o 1 [BIEFHC X >T, —ifbik
DFei & BN AR o Y fe 2 LA B T
W5, JRATRSNC X o T o IRAIE B BCREA
ST, BMEoZ Lk 2 ke b o &
bh T3,

FEOILE DL~ v ATk 5 300~ 500R 4
L —nlfE g o B a3 5 B, RERGROD
B o WEAS O M R 31 5 MAEIE, Fi,
Wi, #EAROZEHE:D, RS 3 REE X b 25
h, 8HBREEL L HELEVEWS, RAFE
Pl o ZEvE S, 240 X b Hbh8HICES
LB ALRTWS ., RIEREDOIK, PR
L 3HEX W ALhE . MERE X ORI LB
AL OEHALEZEZ L LTV B ES .

THIE ROBEHRESZHD O wouvtix, |
She X b BHMmAE o FE:EME oI, PEMROZE
PEAY I00RBHTLED bR B E WS . -

~ % Ak 5 300~1000rad 4[] A
OFEMME R OLALPIC DT Db DE
BT ARG EAM A o R BRI, IhR, maEaE
B TUE T £ B . MRS 8 IFfERIC s T B
B bR, 2 BRBIEE T L SEARIREE Loy,
Zh s B o nE R OB AERIT KT 5
IR DR B L ORI B L DfeE 2 5 &
MEARDE L FRERE S EE L 2RTFTH S
LHERENS.

BAhc X 2 BEERE ST 2 B ER o
DUWT RS ESOR /IR TR fE%, 5 R/
IESEEL b L W o BB R EETh D
to. BRCHW SRS 5 R/IG~50R /4 OfEiro

RO R TS MR REN L S R
5.

HARES R AENERE H20% K45

PERERTF, BIEDHR®, A0 =2 r = -
BEg, BREUE™, FEoBIERIRPIC o\ TIA L
ROLRTVS, BEOEBRT I hid, =¥ A
BRI X UTISR /4 3% 3 R/ FRSHEE
DHEWFRIRIET 0.9TH 5 .

B oMM E R 5 BH O s\ T Y
= ORE DFRROAEC 55\ TH S IR
DEENBE ThH DD,

BRI o\ T B R A oy A o
CIRARS A AU RSB L BB TN &
DEEXD.

FENCOGTL, ERMERE RS L < LIcSs,
RSB 5 RS o B 200rad BE H RSO
Jin% 100rad 4 A fRSHC IR L CBEE R TH D
Ty
< U ACHT HRIENFR T s EE 0 R T
HEEBEEYF L LThElr 2 8a, —E
fEE kL LTasEge < Uich A ikIER
Biikeins.

IR — i fFHB (Time-close relationship)*)22s)
X, BRRELYELLL 2 BE—-F 0%
RaBlbT b Bl e S L BT THS
By, MWHSREEASELL, fElExrzi-chbo
KT, —PEEALRE L, SEEd L LN
PMEENKTH k.

A EIET- I BIERD R & o L o B hEiE Sz
YRR T H Ot ns, [EHHIEDBIERRIT H
fER T 5 RSB TR EETH 5 .

® ®

BRI 42 OCo-v HRIAS o Bk FEFHIR
WFhBREC X DBE L. RIEBERR O &R
FeOVTHHmFE L1,

1) EHEIEREC R B —E RIS o B
& LT, EREAMREIE, B ayaiisRg
IE, Bk, B oRE, B, TR, R
BoLEBIRH BRI,

ZOZEIT0S BRI s, BEHE S H
RS EETHO. MEETHC Tk
300rad, 500rad MSFECTIEZELZEIE L Tuw
foh%, 1000rad FESHERCCILREEIER S oy,

2) MUHROE RIS o BEEL HIRHR0R/
BB CIL S5 R/DIBHEE X D AW 5
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TEETH k.

3) EREIEE 600rad =T 100rad 45 HBHR
Ut 200rad FEHMBSHCO %, BHNT X B BEEEEL

 HUBIRE L 1.

200rad fEH BStoFat 100rad 45 H B

L CEENATH K.

Maaicyh, MBS L WEY L WML ED
i BT REBCH LA CEH BT,
B, MDY B E o MR A B R

LT,
B
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