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STUDIES ON RADIATION RENAL DAMAGES
III CHANGES OF BLOOD PRESSURE AND SERUM BIOCHEMICAL
AND HISTOLOGICAL PICTURES FOLLOWING X-RAY
IRRADIATION TO THE KIDNEY OF ADULT DOG

Masaru MizoGUCHI

From the Department of Urology, Hiroshima University School of Medicine
(Director : Prof. T. Kato, M. D.)

1) Adult mongolian dogs were devided into 5 groups with the each gruop consists of 6
dogs. A half number in each group was nephrectomized on the right side. X-ray irradi-
ation was performed to the left kidney with the doses in the 1st, 2nd, 3rd and 4 th groups
being 1,000r, 1,500r, 2,000 and 3,000r respectively. The 5th group was researved as control
without irradiation. Measurement of blood pressure, alteration of serum biochemical findings

and histological pictures at the stage when RI activity was lowered were studied.

2) Blood pressure of normal adult dogs measured by palpating method ranged between
110 and 140 mmHg. In the unilateral kidney groups, increases in blood pressure, averaging
30~40 mmHg, were observed from around 60 to 90 days aften irradiation without difference
by the dose given. In the bilateral kidney groups, the increase in blood pressure was not
consistent.

3) The mean serum levels in normal adult dogs were 144 mEq/L for Na, 4.3mEq/L
for K, 106 mEq/L for Cl, 4.8 mEq/L for Ca and 9mg/dl for BUN. Following X-ray irradi-
ation, Na showed no definite response and Cl and Ca showed no change, while K showed
marked and immediate increase followed by temporal decrease around 50th to 100th post-
irradiated days and further increase in the terminal stage in all cases. BUN level revealed
slow increase by around 50th post-irradiated day, followed by temporal decrease and rapid
increase in the terminal stage. This trend was more pronounced in the unilateral kidney
groups.

4) Macroscopically the irradiated kidney showed deformity, adhesion to the surrounding
tissue and atrophy of the cortex owing to fibrotic changes. In the bilateral kidney groups,
the irradiated kidney weighed less than the otherside in all cases. However, in the uni-
lateral kidney groups the irradiated kidney gained its weight in the 1,000r and 1,500r ir-
radiated groups.

5) Histologically, although the degree of the alteration varried by dose given, all
irradiated kidney showed destruction of renal tubuli with fibrous replacement, atrophy
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with hyaline degeneration of glomeruli, enlargement of Bowman’s capsular space, thickening

of basal membrane, precipitation of fibrous connective tissure with hyaline degeneration

around glomeruli and thickening of wall of blood vessels with narrowing space. Similar

findings were also demonstrated in the kidney of non-irradiated side.
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Table 1. Changes of B. P. after 1,000r
single irradiation to the left kidney

Table 3. Changes of B.P. after 2,000r
single irradiation ot the left kidney

dog No.
\ 6 17 2| 10 15 25
B.P. before

irradiation
(mmHg)| 108 122 105|124 106 112

dog No.
\ 8 21 22 19 20 27
B.P. before
irradiation
(mmHg) 132 122 148 | 120 125 118
term
1M 130 142 130 123
2M 152 154 143
3M 132 152 142
4M 154 148 160 158
SM 158 162 158
6M 220 160
™ 162 158 | 162 170 165
8M
IM 208 182 168
10M 142
11M 176 172

Table 2. Changes of B.P. after 1,500r
single irradiation to the left kidney

3 dog No.
[ 1 2 13| 9 24 3
B.P. betore |
irradiation|
(mmHg)‘ 128 116 126 | 124 133 110
term \
1M 92 122 128 138 128
2M 132 148 192 162
M i 152 196 154 148
1
4M ‘ 162
SM 140 192 | 204 167 173
6M 240 169
™M 212 | 180 178
8sM 170 183
M 172
FL T,

2. X#RFEOMBELENELRICONT

1) EHRAOMHERLSED EFE

X #BSRI25FE O MK Na (38 /E 134mEq/l X b
& 150mEq/l <ZoF#HEIL 144mEq/l CHh-
Fo. MEKIZFEIL L 2580 FHEiE 4.3mEq/l CRIE
3.2mEq/l, %% 5.0mEq/l ¢H- 7. M Cl X[

term —
IM 110 132 112|130 118 126
2M 1564 144 122 | 168 142 174
3M 162 162 136 | 162 165
4M 160 190 172 186
SM 194 168 194
6M 192

Table 4. Changes of B.P. after 3,000r
single irradiation to the left kidney

dog No.
\ 7 18 30 11 14 26
B.P. before

irradiation
(mmHg)| 132 120 104 | 116 127 118

term
M 136 132 106 | 122 130 128
2M 162 162 152|135 182 174
3M 156 152 192 | 152 168 178
4M 154 164 192
SM 174 210 178 194
6M 176 170 196
™M 250

U < 45 106mEq/1 (100~114mEq/l), Mm% Ca i3
F#5 4.8mEq/l (4.1~5.6mEq/l) TH - 1.

2) X#BRBHEOKRMBEERLFEAIEL

IREHRD MERLEAIEE I BT TabS s I T
Fig. 2 CRTZTEL KROWTHRBHESR I v E4 L
Awthd, BEHE30BE X Y #ic 5.0mEq/] Ll EDfE
#RL, EWREH Y v AMEARD ORI, Ll
Na, Cl, Ca oW TUEABEHTEEEZ ETLTEY,
EER RS b > fo. UN IRBSHH20~30AEE T
EHMETHHN, ZToOBRBK2 ERL, 200851
% 0mg/dl L FTERALTCWS. L LEAERE
REHOMCIZETIR bhich - ko, DF ik Tab.
6, Fig. 3 0T & { KIXBHES X b ERARLEAER
o, FgHE 100 BRIE TS RATRL A% 5.0
~5.3mEq/! B4 CBETIISINEEL - Ex R
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Table 5.
\\\\gf oups 1,000r irradiated to the 1,000r irradiated to the
\ \limd \\ - left kidney remaining kidney
standar'd\
Qim ffl?:d@lq?lmn Ca | ct [ Ca cl
torm 41~5.6 | 100~iie | 4.1~5.6 100~114
15D 4.3 5.1 112 108 4.3 109 116
M 4.5 5.0 115 112 4.4 4.1 108 112
2M 4,4 4.8 110 106 4.6 112
3M 4,6 4.1 106 109 5.1 3.9 108
4M 5.2 5.2 5.4 108 113 4.8 109
SM 4,2 109 108 4.2 4.1 113 114
6M 5.1 4.6 114 109 112 3.9
™ 4,6 106 4,3 5.2 103 102 108
8M 4.5 4,6 107 111 ) 4.9 5.0 106 106
IM 5.8 114 ! 4.6 4.1 107 108
Table 6.
\\\ .groups 1,500r_irradiated to the 1,500t irradiated to the
‘ ~.__kina left kidney maining kidney
| ‘i‘g‘ﬁgzrgrradiation l Ca cl Ca 1 Cl
——___mEq/1
term I TTe—— 4.1~5,6 100~114 4,1~5,6 1 100~114
15D 5.2 4.2 106 108 5.1 4.9 102 112
1M 4,7 4.8 4.1 103 104 108 4.8 4.9 4.3 109 112
2M 4,6 4.4 111 110 4.9 4,2 108 111
3M 4.6 4.2 4.7 106 108 5.1 4.2 113 113
4M 4.4 4.9 4,6 110 112 114 5.4 5.1 106 108
SM 4,7 4.8 109 116 4,9 5.0 5.0 111 109 109
6M 4.7 4.4 110 5.2 5.3 112 114
M 4,9 106 4.9 113
sM 4.9 114
IM 5.0 117

. LA»L 150 Bz 23 EO LR LEBCRE
BT 6.0mEq/1 8 ¥ cERATS. LaL Na, Cl,
Ca RBED LTI ROhBH, Wihd —EDH
ANOER) Tl EALET Abhigh-. R
UN RFBFH CHCERCBHERCEAL, RWT
S0HRIECII—BET TR E R i EAL, K
ik 60mg/dl L ECHh - fo, REFCIBETIL BHHE

#%ix Tab. 7, Fig. 4 02 LT TCRKIZERL,

Z DIRABIX100 HRTH ¥ THR#EL, 5.5~6.0mEq/] %
TEATHR, TORESETFTL TS, Na LR
HI00RE X b EALTWBA, Ca, Cl i Riegs
1bizFBDd s o 7o, UN BBHE X » 24 LADER
REEDLIRDH, 0B EEX HEL Y HTREBHC E
AMNERCI S, IVEBEiX Tab. 8, Fig. 5 o & &
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Table 8.
W\ k 3,000r irradiated to the 3,00017 1rrad1ated to the
kind left kidney remaining kidney
e [ B ca a
mEq/1
rerm 41~5.6 | 100~114 4.1~5.6 100~114
15D 4.6 5.1 : 112 116 4.9 5.2 4.6 102 108 113
M 4.2 3.8 4.7 | 109 113 118 4.8 5.1 106 102
2M 4.1 4.5 | 106 109 4.4 5.3 4.9 105 113 115
aM 4.6 4.5 4.4 | 109 102 112 | 4.3 54 5.3 106 114 109
4M 4,7 5.0 108 106 5.3 4.9 109 109
SM 4.3 | 109 4.9 5.1 104 112
6M 4.5 1 107 4,6 4.8 105 113
M 4.6 | 112 4.4 108
Table 7.
\ ’ ‘ 72,0001 irradiated to"the 2,000 “irradiated to the -
left kidney remaining kidney
- '\"lssgez}ggzrgrradia‘tion‘ < - Ca SR ‘ - Ca G
~ mEq/1
term — 4.1~5.6 100~114 ‘ 4.1~5.,6 100~114
15D 5.0 5.5 4.2 105 110 114 4.3 4.6 5.1 109 118 112
M 4.3 4.6 108 109 4.7 4.8 101 106 114
2M 4,8 4,1 5.3 112 114 116 4.3 4.5 5.3 108 110 109
M 4.5 5.5 114 117 4.9 4.8 111 113
4M 4.9 5.0 108 109 4.9 5.1 5.2 112 116 109
5M 4.4 116 4.7 5.2 5.1 114 108 106
6M 5.4 114

{, KRE#X VERLEAXR, HTFETFH TS50
~T70HEE 7.0mEq/l ¥ CLATS. FO%HEVR
YOFEFCHHH, ik 5.0mEq/l L ERHERLT
Wwa. Ll Na, Ca, Cl ii—E0ES % RdEn
Aote. UN XRHEHHE L b fhric L& LGS, BEx
FEBTHR S ERAL, Kk 50mg/dl LAEE 7
-t RBEAERNY, ABEME%L D Kix 5.5~6.0
mEq/l ¥ CLATHM 3~ 4 A EHEEE
L, ZOHIEHETHECEEL Tic. 7 Na il
BEVBAY OEREEDI, T EELHE 2 B
BB EHELY TR L. Ca, Cl @onTid il d g
xR ohich» . ¥/ UN 3% 2~3 BER
1% 20~30mg/dl & &4 EHL7ch, Thbimik2E

BTREL, UBREFEHERCEEL T

3. X#BBHECHT I BORBHEMSFEL
Z##ix RI ¥\ T nonfunctional pattern %
AL, PORHERBEEEALCDLOENY THD
O TAHRMC HBFRNT S, FBL IRERAKOE
LR LU RREHREC X B EMMREPRBDLR BT T
FERNBLIIFED bR » DO TRBHBEC LS
R, ERNEBLEOWT—ELTRRBZ &
5, FeREBOoER Tab. 9 ciRTHTE
{, HERTLINTEIRHBOERORBI »RD
oy, REHCXECERIBHEOHIEMAR
bHh, BEBEOMIMNCRE > CRAFERIINELE
b, WBRCE VT REHERD LTk,
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Table 9.
Kidneyweights (gm) Difference in gra- Kidney weig-hts (gm) Difference in gra-
. mes between not . mes between not
Dose non operative groups irradiated f{md nephrectomized groups irradiated and
p : non irrad-| irradiated kidneys | . . non irrad-| irradiated kidneys
irradiated f iated irradiated iated
20.0 20.6 — 0.6 30.0 25.0 + 5.0
1,000 10.83 12,5 — 2.2 28.6 26.2 + 2.4
20.1 23.4 — 3.3 31.3 32.4 - 1.1
15.0 23,0 — 8.0 26.5 29.0 - 2.5
1,500r 29.5 39.5 —10.0 25,1 24 .4 + 0.7
26.5 26.0 + 0.5 14.5 21.3 — 6.8
18.0 19.0 — 1.0 29.5 33.0 - 3.5
2,000 r 15.0 25,0 —10.0 20.0 29.0 - 9.0
24.5 32.4 - 7.9 32.4 43,5 —11.1
6.0 15.5 — 9.5 34.0 47.0 -13.0
3,000T 12.5 22,7 - 7.2 20.5 30.0 — 9.5
10.8 24,2 —13.4 9.8 15.6 — 5.8
D I# iR, BERarETRE Roh, RAEROEX

E%, #E RER IUBERCKE L —HEREN.
FmERCHERCELTAL TS, A TIIERE
BEL D, HERRPHOTWS, ABFHATREL
TIIRAE LMo AT b ALhviEiagE, I8
BEHLTAD, Wb 7 e<Fvic X {RFE BRI
LA CEMLUTHEREL EFNLERIT/L> TV 5.
PEECIIE TR E OB L RD D, FIARBREIIR
FREM DD BET, = EF~/MEIEHLE
ERIEEL, MEOKIERL X -~ KRERKED
5, PFRIREORHIIED . Fd/Ng)
WRBB DRSS BOBIEYE B TR EBED R FRRE
HERESRS.

HE, ARMCIEROIRE L BEOREXADD
fICEET o, BRFEACILREE EE OB E
DERER L RS F BT« WTEwEOEY
BDHHN, HEOLETILV. SRETEEREOR
Bl LUARGOBEOMTRELLRS. TRk
EROROWHAD VI ERL T 5. HEOKS
BoOHHEIERA TR, FenBFECIRESLEHT
Iichs.

2) I

EE, ARGIIABTCL L,/ b 6 UREE
BLERK: oBELRELRD, KA, MERCK
BOEMIREATEAGTRMKR TS S. BREHRT
RCRMBEORAMOMIENEW CHRE LM
R, JRME MR SRk U HIBABLYE b % < BB,

LRETHRWEOUERRD. ARKIERL, £—~<
v BRI AR L I SR MmEROWE B X O
BokEZRD, AT TABIERLEED
BHALD T FRERIZEL BB 0edH D,
EEBEIIEEL TV, ¥ EREIEROBMELS
E-CHIBIIRITIZE A ERELRDI T L B
BELABCHTFRYEONELZRD 5.
HBRIARMCIEEOEEOIEERRD 5 LUt
EIIOCA, BEENIMRE L BRI T«
R, BHENFRD b WEEAOFRMIRORL A
HY, BEUAREIFCERIZER THLERL ST
LI, MAEETILENRMERES RN T
5. RRECIFORORUFEBTREL, %E
W, SR, EEEOREYRD 5. HECIBED
WAL a2 RS, BIRELBEDCIEE,RD 5.

3) mH

EE, ARMCE261E EMRL, SRIEELK
EHL, FracimBeR, RKEOEHXZH KA D
3. ABRFEMCIIMRE R E Y E O RENE
BT, ZREES JOEFEE, BiEk, B, 3
BHEETHEL L, SREFIIER TS, ARREIT
— IR TR LR L, MIRBIEREL, A—-<v
RERMESAL 700, HBRCROREOREIIRDL
V. B OB ZE CTRRETID &L X 5k
RTRELARBLREBIRCIEEL T 5.

EHE, ARMCITIEREOIBE#BEEY, EKEC
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EREZLRTWS., WFhic® LEEYOH
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r5%2ThH5H, Tab. 1, 2, 3, 4, wFET L >
K ABFE L T 170~190mmHg x5 —%% <,
FeBHREC X TED FABEREZEC
ook Bbhicho to, Wilson®® &3 5
v M L100r BH L TRHEL4~9I AKX
DEMECHEKAED N, BXBRBHK k-
THEALNBBHEMED & 5 AEbrass
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necrosis AE BT, L C(EMENT CER
IREBEHL, ILbLRIERTERY 52
B5LBRTWS, i Lamson® w4 & &
~%Fv bick s 1,000r £ 5B e <8
CdE VRENELET RTvwihvwiebhnb
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4,000r BStic X - T BELIEERR S 0 i
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— B X $ B4t < nephrosclerosis %z
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Lo TR T b h, BELEOBRLBHEE

C—HRLZBMERRD bR k., = hE
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BRI > CERRORBIT Ty FRERE
BRI LHWE, KETRERR LU L HEZEL
TWw3 2, Moser & Sarre® BEREIC B\ T
S00r FBShc & » THEMEX RS TR D, Gold-
blatt!® p kR 3s & ¢, Page®® iz X % cellophane
% silkcollodion # ¥ 1z — € o HaT+
i, TRAEK BWTd BlIFEYRK
LTw3, BETRW KL TEREK Lo T
BIES BRI NS 23 RECTH 54, renal
anoxia U BN TWw%, Flanagan® 438
HBEOMMABD 0, DILZEAIEH I B\ CIRE
FofiBho O, SFBEORWA»BEE 7 A
Khics TRTW3, ¥/ Pickering & Prin-
zmental®® XFREIC W CTE—RIBBIR % 53k
FTHhE, BEFEFOB/ICRBENEY LT
e, ischemia ¢(EFLBBORK
BRON, —H0 O B HIThE—Fo
Brro@rximL, BERy BRI E
REDRTTCWHMBRECHBOMAEL »HEK
7t len. Levey & v LBEHIRD
WokERE LT, xohicEdEhs 0, 0F
HEEx Bicvs BB O AARE L THEEERT
R T LR TWS, Al o anoxia 23
118984 Tiegersteds® & k- T ER Ik
renin OEL®{EL, =@ renin NMEEHD
angiotensinogen icf@\»C angiotensin I #{E
hohy IbmEFoEE#Re X- T angio-
tensin II AN, ChHABIEMERME
EREZEL TR 7 A F AT v v WRIEIE
A2EL CENELY ¥R+ w5 Goldblatt!®
DEixBERERTRIBLEEZ bR T
%. Lnl chiekificdi~s Grollman?)z
36)37)%@%5&%’ %@,ﬁﬂ@%gﬁml 6&%88)39)
bHOBEONEBNEYL b TRFOEHYE
Bl ko THRLSBEREZ bR
WORERTH B,

2) mEEE#EL
ARBEMBEOME oW CRBYELE, F
MRES LOHBEROMBEZ oW CEED
EHYEDTOWBHTh 5. WRBHFERCS
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W HBSERRS, BB X 3R R A
EnRINTW5S. L LBSHHEBER s
B BEEMEOME O\ T D M8 13/
{, »OoWwShbliFiARdD T, e Na, K
BT sBMERRLRA W,

1. BUN

EERHORKEY L b s RAGF TH
REINMAFCH 55, FEHCHEEEL 2T < AR
FeTFREAND., Ko TEYBE R EHBEE
PEBRINREPCHI 2 <xEWE, ALFEE
HERENMPcER T 58 3 & L, NPN
o5 E HD, BEBRECRED X #Bind
LZbERLOBEBECHRE L CEREER
INTw3s, KEBRK BTk Fig. 2, 3, 4,
5, DTl IHTR BEEAKEES i
THEE, BNt LA L, AZHOMI
BAARERRbRMs 2, UL, I, IV
HTRBHEIOVALL BAacLA T2, R
BHOFIERAc AL, Lird 150BELYD
A#ic FAL 100mg/dl F<{ F CREcXE
FL Tz, XEBSHHE BUN 2HZEL L&
BOBEE 2 8M ¢ 10mg/dl © LR 2D,
Hartman REEHICR¥H 14mg/dl <FER
2, WA 22.9mg/dl, BEH TR
¥ 65mg/dl LR ER L EEREL, REX
11,900r HE4H L = Bolliger*® 1t | £1320~30
H#cec v 30~50mg/dl Figgeeb, LIk
b RE—FEOFRILH - I L BT W5, FEOD
BELRMGAROERLRAD .

2. InfE Na

FfirHH & THIEBEREAOMBEBRMHRE
DTk Selye 2GEIGERR A% 20T
BREFFERIGH, B, ®HHo0 3 s
FCEBRMESRIGT S LEl~, Na
R, BEm, KRS OBEILERTC
LaHELE, OB Na BcBi 53 s B
s b0k, ACTH iR hk L8 =
rFag FekoBEo GFR ET2s b0 Nao
RABEA2METL, %% ADS O FIRIERI
Yo NaoEEIECELEINRTHWS, —FC
NERHLS L LHTL CXRBSHc X5
BB R VT, MEROMEBRKENRC X

BHMIBW SO Na EEO LAEEY. FLS)
BFrrEmffaaEo 2R s> Na
OMIEANBA®O R E Na 0B TE2ReT LT
5, ¥FBEBTRLBCRRIER S C L 2
transmineralization LR, & %\ ik AREF
BHREZD LA DD BBEFIRY Eie T
R Na pRpERIC X D& Na MEXEL & &
RTW3a . Ll miE Na ok
tx DERNH- CT—EOHALZEI L 2w
bhTwd, FEOFR- kERTHLR2A—FE
DIEAERD o 2. o THOREICHL
TNa BT s REYR O LIZED
nigho o,

3. m¥¥ Cl

B4 4 v T A + v ORI #4166
Yx i, BEPCE-, TRBEEORE, B
EEPHEOAEESL TWs, XL CRDH
i Na ¢4 KT L TR0 Na LHffrL T
ZE)+ % . Selye? 12 Na » A+ OB B % %%
WRA, BHEm, BEgoRd o 3 s
FTw3, LhLigErolk1+ vt HCO,
nCl oREx T22¢23b0, 0k Cl
i Na OB icfls TWBBRENCRLTLS
—F LA, ¥4 Cl rigsk, TF#Hi, shock,
ZR, BIBET2EREREROBRERCLIVE
HINLTFLLBEEBc L0 EFHT 50 TR
T, REOBEMED Cl oFlbiconwTik
HLUAREYRSBNcHER - Th Ak
BYonRbh, *OBR—EET S 2HME5 ~
7T BIEhir THYEL L, 14~218 TREEHR
BRCERL, COBRREENEET Vs &
QHOBEMAR YRS T35, LiLEERT
A 0K E ¢Eie 100~114mEq/l O
Ch0EBHATRBED bt ds k.

4. M K
BEtgickT s mE K oZFgén: Fig. 2,
3,45 0l L K BHEHK X v ¥ Tk 5.0mEq/]
HEe ER®2RL, coRBBE Rl LcHE
ORDBRB0BFBHTELOBIERDDR
e BREKCk s i THUORALEA L, §H
ORBRTEAL D BRERS2S Rl Eci@
o bsFRMC- Td, MHFE K LA o Na,
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Ca,ClBERIRBLALEEEEZR T, #s
TMEKD» M ZBEMARREY G LA LR
mME*HRLTVWaRTL 0, BUYEEMELEK
M DR BN 5 #%, Carpentert® 1k B ¥,
EMoERNBEEEAFEKC sWwT ME Na, K
CEFORWCLE R D, TR ABEEYR
Goldblatt FfIERIC s\ CTHHEERECRA
HH, BB C—EoRFHEAZE R
f&ll\& L, -i t%®m®%< @%5&50)51)52)53)54)
DB THEEY R Ty KTk
REEA AV THO, EFENORFRMREY
BRCERET S, o (RERER, KOoXEH)
wBET S EFL LT ACTH ofl#ic & 5
MR AR T X 2R K ORE®. ¥
LB XKoo ERF », hFEEREAS T
BB Lo KoME~DOBE), Ibik
MERFc#Ene 5 Na 2filal K L HERK
BEIZ T T LT 5. Selye® ohbo
Rito#EREBEE, BEMNCHcrnEKRE
AL, Effica@d L, ko oEEHcr bk
AOBAETRL, BRI UCBRET2CLD
BKIEYEc T eh<TWw5, LBk
ERickld 5 KOEEC oW T 1 Winkler &
Smith®® K o Mg E & ARE,» FES R
RARBLXKOHEYRET 2ETChH s &
B, %7 Danowski %57, Berliners® £k
REEHIRAKEEE K2 XET 5H0
KRFTHDEELTWS,. LT Green®®
FRBET20BrrmTKEERECEL &R
~XTE Y, Schwarzs® ¢ M7 K »: 5.5mEq/1 [l
e 3 0RBEEABRMECER RSN
tWR<TWwWB, LiL Elkinton®? b, Merrill
DI I MEIBARL TEKMEYECTORE
EOZRICWULERVEIREG LB, 20
BRETHLLTLSRKMEYEBcTLrEL L
Wi, % Rabinowitch®® (X BRI
MEKZEN 2R~ TWw %, HF® 2 GFR
CMEKEE & oM BRABRREAb R
Wat, IMMEKEEL 5.5mEq/l 23T ok
GFR 22 ~<XT3OUTTHo L &BXTW3,
¥ REO R ERERERS g L A EMEK
EOBB % Richo e BEL T3, BlEo

T BB LNEKEOMIC R L—ED
BRI EONIW L5 Th B4, BEOERK
BT, GTR0Z L EEY R, chik
D EATHEBRORBECE TS b0 THD, %
OHBEO R, FIRBEEINSD
OBWPERT N, rOBRMIEE, FHEAHD
i, BE~NORENGOEEL, IbBR
FERE, BB R Mb, CHEKMEYERL
kdbDLBbhs,

5. MmiE Ca

Ca AN TEAER I ) VB, RES
LREALTER LUEOERS %4, Mk
k> CRIEERE S X Na, K s EH e
YER L T ARBEINAE 3 & OFE, B0 REKE
CBEEL Cw5., HisBEARSCHEEL T
Ca OBV IBEBOKEE, i<+ 5 acidosis
Db 5AF Y vBEE Ca RERL, B
BEX 0o Ca BEftO¥ins X O RME O EHERF
DERFAC L B bERNELDLRTWD, KER
kit s fE Ca 0Bk Tab. 5, 6, 7, §,
DT L HRLCEENOEH Th- TIHFLE
ExFH TCic\w Hartman? $BHAQME
Ca #BEL L HERELCEFTRX Rk, T
¥ Ca 2w L, B% kb catabolic re-
action DR, BHIN L xRARCHEET5E
By vofFfEc o gl Ca ks T, M
H Ca ekt sREzbhTns,

3) HEBENE oW T

X% B% % 47 < Buschke & Schmidt®
(1905) »ienr ey, b BIUREBXHREBHE
Xo T 6 BERCHEBRMNEIL LD TLR, X#
A X 2 BHEBENE L OWTRE O
Lpd %, 9T b Bolliger & Laidleys®.
Earlam & Bolliger*» "3 1,900r ¥ X ¢~ 3,800r
— IR ERS L ORBR OV CHEMLRE
PRV, BPCRIERR X OB VB EE
BRI D W T b L LRI L T
5. Bolliger & Laidley® z-R0 & 1 HRE L
B H bR S HBENELEZ RO T & & 5k
BesgEL ctns, 81 HREH#%488:R % T)
SMFELHY, FTHERSE 1~ 8 BBEBRE,
SBIH (A% 5 ~320) MREEHS, £V
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B (Bsi21~60H) HAEBEIER, FEVH
(FBH#£60~2308) K/ BEL Tw5b. A
b, RIZEEET B EVHL R HE
UL Twb, EVHOBLRBERERRMEE
FEEL, RERS FELERSMRE 2R
CEFET . ARBREBEEL HFETH LI
RO, =AEF—/MECRBELYEZ TR
ity Bbh, MER AT, ERMCE
KEDORH%ZT B E SN 5L BEL
THIRERHREL, FBchtBEHE, 2R
MEtER L BT RE LY KL T 5. ik
R Ieho RARGOREEBR IO B
n, EFEABELESBT, KECEHL, W
TREL © 50 5. RMER HEENRE Y
Bol, B H#EEO BT RERME &
> TLES EBEL TS, KICBRHEKEE K X
BEERILOWTIL, Feine® 5, BB
T, BHBREOAV L WRRMREORELYE L
L, MECAREOERD WA, REDS
WX R X o B RARBIC SES SO,
BB TEY o0, XBBSRE -8k
B L ORI FITBER 2 B o e LBRTWB, &
7z Earlam & Bolliger®® iz Kk ERE (3,800r)
CHHE L B omE L fibrosis & Ak
BTFHEL Tthy, Bl RAs KB E
L, REEL%E 4 L = fibrosis tissue
RHETFEEErEC L, AREERE%
fibrosis tissue K X -» TEROEEh, FEHEEMH
TEEH A T <. RNERIER ok
BREDRL RO BEEARELCHEA, THES
th2¢ fibrosis ¥l & WFREEBRC s, FEE
BE (1,900r) chiA—~vEEOIEE LT
{erdEEc, B fibrosis ik ko CEBIN
TEHLEH TRV, HREREECTOED
FEHETHo ceBNTWB, KHAERS O
BAREL L OHRE LI, AREDLEL
F7u vl LToBESRDL N B X 5
T, RMEE LB L CORREO BHRRZER
BN EEERLTW5B, L LEEDOHRES
Wik, MBI CREREROEIEER
xh, BRIy b 100r BETHEMTOD
HEEOHM, ARMROEELXED THb,

L OIMERDE LKW THRE EEEROE
¥, MIREOBILLES, T B EBRTNS,
¥ BABOLTD, EHRERELE
1,500r FEs4C127H H 0B cHEBRAT D
EX, BEERR X SN AREDEXE
fR%5R%, FRHATCOIEETH 518k
ADHTWS, HEDFRE S00r BE CARKHE
LD I - T2 i3, FEREB e T CrohikEk
DAL, R—<vKE~NOBHYOUE LR
WE L gMiao 2lREE s L CBilakoER ¥
BHOTH2D. AIbLHEKNEHTL» bV ERE
THRHUBBRBD DR TS, KERTH
BB T e v EELELERBD, TOR
fevz Bolliger & Laidley 0% 5 &£ VHOZIL
L—H LTk, BIb IHLIVETREZOERE
DERENBD bR EF N E B WTHORAE
OB BRESEER R, AREREH LMY
Fr>FEE LKL, BHESKAL, XEE
RIEEL, AREORABRBETI>ER YRR
L EEEER MBI THFEL, IE
BB L CEBRN Lo T 5B, #s TK
ERHTARITH, 202 EET A
CRBEELHRENELRELRLL, ¥R
B Wi BHBCSLLWELLEAD T
5, EHMEELL L Sc, 1,500~3,000r B
HTORPREBRHT CAKOEELADE
5 Lo HEREE, Rl PER L ERNELS
I —HKL T,

= ]

1) FEERMERAZERL N 5HRS
B, AEGHEL L FORERREBBELFL
WREBAE L THE I HEBE 1,000r B4, £
TR 1,500r FRgd, IO 2,000r @&, $IV
7 3,000r B, FVHRBERELBRLLT
OB HOME, mERLEHEL, RIF
EROEBFENE LT OWTRITL .

2) EFERRMERMBEE T74.5%7% 110
~140mmHg OFER K H D, REHCBWT
VxRS £60~90 A BT X b F35 30~40mmig O
MmED FHEZRD, L bk chds k. L
NUBHGEC X223 BcRDD R ik b o
k. ¥AEEBECROED FAXFEET, 12
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Fh 9 EIcR U< 30~40mmHg o MmfE EF %
btz

3) EERAOME Na & 144mEq/l, K 1%
4.3mEq/1, Cl vx 106mEq/l, Ca 1% 4.8mEq/l,
BUN 1 9mg/dl TH- . XBEBEHE &
Na B—FoRIGE R, Cl, Ca »ZE®H*R
Blho e, LELKRSFIcREER X 0FE
B LAY RHEL 5.0mEg/l M EOERFR
L, BEH50~100 BRiECT—CAETRH 5
REELLEYRL LY, ¥Fkiflciiibic
ERLE., coEARREERHCK W CRCENR
TH- . BUN b BFEH CRBEH50AE
¥FCREBRBIEY Biswi, FOBBA LR
T5HhEE, REBFORMCRERAD DN,
»f2. U»UIHE, 1,500r &L ECcriBg
E#%Logxic AL, BHEH508 0% Tk
BTT52, ¥FrBrxic kAL Kk 100
mg/dl ¥FTLEHALL. zoHARFCRER
WEHTH- .

4) ARMNcRZRBHBREKO ABESR~
DORE, WIME, HEEELRD ¥ EHRLE
BEED D CER L bDbHo ko, EicEl
HREHACTREOERRERN Chs k. HEE
YABRE TRV TN IBHUBOEREOB %
ADEH, REE -k 1,000r, 1,500r Bifc
RHCEBEOH ML AD I,

5 HBRFHNCRIBELIVHETREIOBED
EL AR WTR b REERBEREI R, Rk
HRICE®RIN, AREIEMLHETREE Y
kL, BB AL, ZERCBEL AR
o BB THRES %Kiz U L BEES A%
TIOEC gh, MEBRIEEL CEBRD &
oo TW3h, %IRRT bREDOE
BObNI, o TREBH TR TINRY
O % B3 5 N B E L ERENELY
Rlel, KfcERaEc b RAkoEE2R
3T LRI N,
(FBreksedhich, HiEE, HKMTS > BN
BB BB L T, I XBRBSChic- THE
B e R e SRR M LB, REFNEEE R
> e —RE R A SRR X O R ot e B E
SRR 3. MARXOERIFIMAR
BRREELSCTRELE. )
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Bp. of normol dogs
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Fig. 2 Changes of serum Na, K, BUN following 1,000r renal irradiation

X : non operative dogs
(O : nephrectomized dogs
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Fig. 3 Changes of serum Na, K, BUN following 1,500r renal irradiation
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Fig. 4 Changes of serum Na, K, BUN following 2,000r renal irradiation

X : non operative dogs
O : nephrectomized dogs
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Fig. 5 Changes of serum Na, K, BUN following 3,000r renal irradiation

X

O:

Fig. 6 Macroscopic appearance of left
kidney after 1,500r irradiation

Fig. 7 Macroscopic appearance of left
kidney after 3,000r irradiation

: non operative dogs
nephrectomized dogs
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¥ e N\ o o .‘
DRI v o, T
Fig. 8 1,000r treated side

The cortical tubules are destroyed and in
many instances the tubular epithelium has
marked fatty degeneration resulting in albu-
minous exudate in lumen.

There is remarkable thickenings on the walls
of the vessels.

2 P RS :
Fig. 10 1,500r treated side

There are tubular destruction and hyalinis-
ation, disappearance, atrophy and some thic-
kenings of Bowman’s capsule of tubules to
which the glomeruli are at times surrounded
by interstitial fibrosis tissues.

Fig. 12 1,500r untreated side
Degeneration of tubules and interstitial
fibrosis are partially shown, with thickenin-
gs of small vessels, enlargement of spaces

of glomeruli and hyaline changes.

Fig. 9 1,000r untreated side

The tubular structures are destroyed with
marked fatty degeneration and albuminous
exudate in lumen.

Fig. 11 1,500r treated side

Considerable lineal interstitial fibrosis is
found with noticeable thickenings of vessels
and marked atrophy and almost complete
disappearance of tubules.
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Fig.13 2,000r treated side

The tubular structures have almost compl-
etely disappeared, and glomeruli are surrou-
nded by proliferative fibrosis tissues resulting
in hyaline degeneration.
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15 3,000r treated side

Fig. 14 2,000r untreated side

g.

Remarkable thickenings of vessel walls and The cortical tubules have been destroyed
obstruction of lumen by exudative substances and proliferative interstitial fibrosis have
are found. surrounded the glomeruli with consequent

hyaline degeneration almost replacing avasc-
ular glomeruli.

Fig. 16 3,000r treated side Fig. 17. 3,000r untreated side

The tubular structures have almost comple- Showing interstitial fibrosis avascular glom-

tely disappeared, and glomeruli are surroun- eruli with nuclear proliferation, cells rests

ded by proliferative fibrosis tissues resulting representing tubules which have atrophied
in hyaline degeneration. and perivascular sclerosis.

Fig. 18 3,000r untreated sid
The tubules structures have been destroyed
and have been replaced by fibrosis.





