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B1E XgRSBamBEEOMBINSFF v
CHNTORESS

D #E: 75ty OUITFI7) )
VA RN IR R TR GV B S LA S HSIE & s 7
BRI H 0, [7] ONEETER, FEEvEm
A L ITETERRED R & 2 BT L2 D
Thd. FEHILCREY AV CHEETEY TR
AU, X#mgha 7] REh s bk
EORLTHEYEEL, N 7] BERXE
TEMEZORIFZE L (R LD ZHED RS
N3, o TRE T XEED AR B g
71 RECEDRBEELRZTOIDTHEh
R CHRER B A & L CASRERICHEF L.

(2) EBRGEECERR

BB I AR R~ L TRz DI~
A 300r GIEEOXHRES % 5 3 T3 BT,
FEBIBNCG B & P 6 B, M~ 25203 <
W37 5 vIKIES 2 B, EE, b krE
& 160, /NEF4 B, Hoth 7 FRE1TEITH 3.
Rk §%223000r JRETEIC FEERA EGC 4T B
H, MEKREE I X 5 [7] O fieEisi

—8, HOZNC X YBIGETNINEY [7 ]
D aE ¥ {707z,

XA etk -

EERBUE R SRS IEE, FERS TO— 200
—25, TYRHEIE : 190KV, Wl 20mmA,
TEEHE 0.9mm Cu+ 0.5mm Al, ZiX 1.5mm
Cu+ 0.5mm Al FEEfE40cn )y 550cn

(3) LB :
(1) fEEsk Ay 7 ] i

B IR (7] focibvCliE L7 6 Blo
EE 1 BCERT 2BV THS.

SRR T & B HESE [ 7] w31, 3mg%
(733, 4mg%, i T-29. 10g%), (L 7 | 1%31.8
mgo% (H732.008%, LT31.78%) B 713
63. 1mg% (5 T65. 4M8%, I 760.918%) TH Y,
M7 133 B Thl i 49.6% (BF51.0
%, ITAT.T%) L7115,

T ADEFNT A TAH BB [ 7] e LT
Gabbel" 1324, 0~46. 1mg%, R0 1) 5538, 3
Mg%, #CT-36.418%, SRENYD 135732, 3mg%,
2C3-30. 9mg %, 1003 5125, 4mg%, CT26. 1

% eSS

- mg% mg% mg% mg% | mg% | mg% mg% | 1g% | mg%
1 16 3 32.2 | 37.4 | 70.6 ’
2 45 3 33.7 | 27.7 | 61.4 33.4 320|654 4
3 59 5 .| 834.5 | 29.9 | 64.4 f;§ i
4 |22 |9 |37 | 322 | 62.9 = |81-8)|8L.8]631
5 38 Q 20.1 29.2 58.3 29.1|31.7|60.9| 49
6 | 52 Q 27.6 | 33.8 | 6.4
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2632 AAREEBAHRSE SRR $19% #l2s
5 2 %
g0 | 44 e Lo e e g T BT TR
221 FORRIE | 27.6 3.8 61.4
23/VI 3380r 27.6 30.7 58.3
1 47F ? AR T 7904r 26.0 26.1 52.1
6/XI 124231 26.0 93.1 49.1
30/ VI F@ 54 i fit 29.1 27.6 56.7
2 68 2 Ea®m [ 1yu 34801 29.1 26.1 5.2
26/ VI 8004r 4.5 27.6 52. 1
18/V WISHIE | 27.7 24.6 52.2
5 i g £ 9% |80V | 382r 26.8 23.8 50.6
28/ VI 8424r 26.8 25.3 52,1
23/vi | 12064r 26. 0 ) 49.1
9 | MMEiE 29.1 26. 1 55. 2
300V 72000 | 29.1 23.0 52.1
4 46 ? L I T 92831 59.1 21.5 50.6
28/VI 126501 24.5 21.5 45.0
9/V BaifE | 29.1 27.3 56. 6
24/ V 3820r 27.6 24.2 52.1
: 61 g E LM T 8700r 27.6 21.5 9.1
26/VI | 13980r 24.5 21.5 46.0
8/l R | 29.1 26.1 55. 2
14/ V1 35311 28.3 26.9 55. 2
6 46 2 ELH | 28V 7011r 29.1 27.5 56. 6
19/VI 12231r 27.6 27.6 55.2
221X 153001 24.5 27.6 52. 1

mgos, F51991132.6m2%, [HIRI 1328.3mg%,
/ANBEYOD 1339.8m8%, MRAL 7] fiE & L 3100
13510, 308%, 2T 9.9m8%, TFIH109) 1313.9
g%, RHIRI0 1122.808%, /NBEOD %21, 7TmE% 7z
BEZIRE L7, K2R OEERRLNLS
&R QUE) FEOBNEBE D EE
bhs.

(i) gBE DRSS wimyE 7 ) &

X AR TR R I E 1B 0 XA y5mEBa 1 B o0 1 e

[ 71 ECEET A B3 PSE TET 7] 29.0
g%, b [ 7| 28.9mg%, #& [ 7 ] 1x58.0mg%
Thd. ZEBERAOIE 7] (HEE<212
BIE 7] 1.4%DWAR, BILTZ] 9.2%0
WAOR, BT711 8.1%0WPEEL Y, BE
F X X BB AT BRI B RO 2 012, IRE
ELRLBITROWMEEREBII D 2HRS 5B,

(i) YcgBrg ofiER, 44, I, R,

WMAEHH, MEXEE, BT 7], BIE7],
BI71 ke, E6l 1~ 6 THMERE
T2, R T ~EFI0IBEEH~EE LTX
SRIEHR Z 5 V) 72 CH 3 | F OMERI 1 1~5EE]
1738 4 | —FEEFE L.
(A) SEBI1 ~SERI6 D 6 Izt hE 2
U T B~ XRa8 % 53 72 BC 5 523, 3000r
BEORG S GEF4 2B 56
WGIBIT [ 7] 27.8m8%, BRIL 7] 26.3108%, &
[7]54.208% T, = i BEHIECE<BT
(71 3.9% DA%, BILTY] 5.4%0m/d
iR T7 ] 4%DWARE 2 VEEITDE .
7000r~8000r VZE 3 k 6 FlOEAEIRET [ 7]
27.1m8%, WL 7] 25.1m8%, # [ 7 ] 52.30g
%T, ZRHRECEET 7] 5.3% D8
R, BILT7]9.8%0WAR, % 7]7.3%
DWDBEZY, s HFEDWDRTIXH B BHK

O, |/

R nuw!—vlvwﬂ"l
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7 3 *
w | 44 | # | m & | mEs | xam | 5p7 | BLZ 87
T | WEE | 32.2 38.4 70.6
7 455 5 B | 15/ 7864r 27.6 27.6 55.2
v 139807 26.0 29.2 5.2
14/I¥ 188 45 7 4L 27.6 26.1 53.7
8 31 8 S aw | 7308 | 26.0 | 23.1 | 40.1
3/X | 11484r 23.0 23.0 46.0
6/V | Wi | 88.3 2.1 64.4
9 62 5 ’_”f e %‘5 2/ 3560r 36.8 2.6 614
22/V1 76807 36.8 23.0 59.8
) AT | 28.3 30.0 58.3
10 49 3 ideh A 4080r | 27.7 24.4 52.1

7344r 24.5 2.6 | 521

€5 4 #
g0 | 4 t @ & | mEn | xam | 5LV | BLZ | B
20/VI | GBI | 0.7 32.2 62.9
11 73 5 R | 1V 4060r 30.7 27.6 53.3
2T 64967 27.6 24.5 52.1
14/V1 R 45 7 i 30.7 33.7 64. 4
12 59 % E%ﬁ gg 9/l 9338r 26.8 25.3 52.1
74 174587 23.7 25.4 9.0
1Vl | EsiE | 27.6 29.0 56. 6
13 77 ? WiEE | 22V 34207 7.1 29.1 55.2
10/VI 49017 28.3 26.9 55.2
BV | s AE | 26.8 31.4 58.3
14 29 2 ?*ﬁamﬁg 12V 32767 2.3 26.8 52.1
27V 63187 23.7 %5.4 9.1
B (& | 19/V | JE#m | 2.3 73.8 9.1
15 45 5 ﬁf’f‘fé% 31/V 8140r 3.0 23.0 6.0
7)) 24/X 153401 9.4 24.6 46.0
B R 23/l 18 354 i 4iF 26.0 29.2 55.2
- 2 S CEFi | 10/x 6630r 23.0 2.1 0.1
1BV | RENME | 20.1 2. 1 5.2
. " . BFEG | 26/ 8l12r 23.3 28.8 52.1
g % 9/vl 16224r 23.7 22.8 46.0
23/V 236601 23.0 2.1 49.1

77 2 TAv. 120000~ 13000r V2EE B LI
fid CREBI2 2B ER Y 58) 3385 [ 7] 25.7ng
%, BRI [ 7] 23.3m2%, # 7] 49.0mg% L 7z
D RS RIEIC BN 2 L BT (7] 7.9% o WA
R, BILT7]15.3%0WP%R, B T7]12.7%
DWLETHS, BIHASEEZFOXEEIRIIY D
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WQORTC [7 ) 32.2m8%, WL [/ ] 24.508%, #%
[ 7 156.T08%C, MSSAINCE~% L& 7]
3.4% 0 WAR, BEL 7] 12.5% D WRADE, &
[71 1.6%DWLREFTHEHLEL T
V. 7000 T b2 4 Bl iR IT 7] 28.7
mg%, Wb 7] 25.3m8%, #& [ 7] 54.00€% X
nh, RATAE B R2 EBIL7] 9.2%
WA, B(LT7]16.0% O WL3iE 7]
12.5%DWHLRE B ) BREAWD LT OB 3.
11000r~13000r % Bk L7-26 GE@E 7, 8)
DEHEIIRTT [/ 24.508%, #E{L 7] 26.1
mg%, #& [ 7] 50.6m8% & 71 Y RIS HIfEICE < %
LIBETT 7] 18. 1% 0w/, B{L 7] 19%0
WAR, B 7] 18.6%DWLRELY, WIE
FERHOELMAS.
() BEROEFI~FEFITITERT

XA IRSF3000r~4000r W2 T EHIE (Esk11,
13, 14) 3385 7] 27.308%, ME(k [ 7] 27.5
mg%, #5 [/ 55.2m8% & 7z b JROSRGMEICEI~ B
EIBITE 7] 4.0%0mWA%E, BILT7]11.1%
DWW, BT7] 6.8% D WA T HEOE
B 2R E . 6000r £ TPHE GEFI1L,
13, 14, 16) 3870 [ 71 25.618%, (L [ 7]
25.7M8%, #& [27 ) 51.302% TR FifEE~< 3
LIBIT [7 ] 7.6%08A%, B{L 7] 15.5%
DWW, BT7] 1.9%0WPRr15.

8000r~9000r = Tkl (ERF12, 15, 17)
VBTG [ 7] 24.9mg%, WR{L [ 7] 25.7Tm8%, #&
[ 7] 53.4m8% L 72 Y fRSFAGECE <~ 2 & BT
[7112.1% 0, BILT7]) 7.6% 084
R, B 71 11.1%0BPRT, WPEIEER
EFE B, 15000r~17000r V2 TWEHME (6F
12, 15, 17) 133850 [ 7] 22.9m8%, FEILI 7 ]
24.1M8%, #& [ 7] 47.0m8% X 72 ) FRSH G2
B EBILTY]19.1% O wWAR, B 7)
13. 4% O, ¥ [7 1 16. 4% DA ¢, 18
P XIFR ORI 7 OWRAEE D TREE
Lo TRB.

23000r ¥ CaEsk L7-EGI17 (T HARRES &

) FE 7] 29.0m8%, WR{Lr 7 ] 28.9mg%,

TR RO

BAEZMSRES MR H19% w125

#& [ 7] 58.0m2% CHRASTRIHE~ 2 L3857 )
21.0% DIRAER, BAL[71 AR, 8712
DWARE B VIR 7 DWAREEZD T
5.
@) NEMTERE

XRUED R EIEE1TEN Biv-TIi7 & 3000r~
6000r JRUREVCER Lae [ 7 ) filf 2 Wl L.
HEE1TH O XARERBHMART O M0 [ 7 il g
BER A DA & B L TBRC & HOR O 7 DITIREE
b MR TR OMWMEIRAET B B I3 Gk L7 b
THD. WCXHRINC & o THBEE L
12000r DL _EoRENC X 0y [ 7 WG58 0w
3L, AL LTES~RIEE 3 J 72 5E8 7 ~
SEFI00 4 FIER S TEMERT00r & b ILofhE
kD 6 B T 7000r~8000r X Y Iy [ {4
DEFOWRDRTED bt I TTRAES O 1
Bl (EFIT) Wi 16000r X by [ ] ik
T E WA 7 LR LB TR0 LI g &
N5, MUT 7] G TRk & h B
BRE L ED THEABRICIB EEI B A T
%. Bl% Ferrari U Cadeol'D 3ZE T g A
HigE 1 Bz Uiyt 7 ) GHlERfEc E ¢
WLT BT, LD (IEhY SRR U R
REB X U IFFRBis AERR 2 % i @ T it el 7 )
A L, MRS AE ISR BV A T BRIE [ 7]
ORI LU TRBEEM~, BT I EHFELEE
A LIPS InBaR e [ 71 omd %3k LIF
BEEL — OMERIICHZEH D T 3. Ik
118) RNV ISR [ 7 | OWAD§ 5
FITEN T, ZSBEREORIECRI ST LB R
% & DI HERARE MR T BT RIER R ORRE 2
FETBEDE LB, BloMml 7] T
[EHERE & vt BE 2 BIRC B B B E VR A MR
MITCEOVFEESFIA X h51cE Y Block!® 4
13 NS Btk Ci4 glycine # FivT 7] 23FFhs
PCTIE 1 €120 %40, 2mg~0. A D5 T4
RE B L FTED, X Waelsch U Ritten-
bergl® 3 NI glycine ik NI5 glutamic
acid ¢ [ 7] R T L, SR
B B0 7 0B 2 ~ 4 BT, FofEiEE
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BEPECERRET B4, L 7] RE0h
BIL Q32 K DERBMZ btz

W PRI [ 7] OB Oz T & 51
DTal, [7)RBOBEHDOHUTLHBLEL
bhT\w5. ZoZAREE X v L TRl 7]
DZEBNCEN TRFFIBHEEES F b EE AR T L L
AT 250 THY, BHEOXIRELERIESL
OEHEC TS BT 120000 FBAT X b, R
ST 7000r DLEX b, ZToOMmoRE T 7000r~
8000r & VI [ 7| DEEDWRLHBBD hi:
R, RO T B RER S D AR5 2 &
h, FCEA TITHRERRE A IR R 5 —F
BChBLEELNENTHS.

F2E 2BECHTIEBELETICER

EFFHIXERA O [7 ] REhc Rz B8
WTHIZ 72T, FEEERO T IWCRRAIE TR

NWIFE 2 1T\,  FOFREHRC B Tid BRC 365E L
7o, Bl 88— 3 T F S R 10FI -
TP, BARUInE [ 7] ORI 2T, X
E R B ERTRE 2 Yo, FVCBHIE LU A

2.0 SHIBYIROBIER [ 7] aF R RIZTE
HE B, 10HHEICTEIB<T5 BLAOBEC
LY FRHEEFED, Ko TESEOHERITIT R
SRR OME 2 HiE L T10% L Eo%R) 2 F & 0%
Bye R CEBRZED ZREPMRA~T.

BB —s TR X R0 7] A8
CENE T RN TR LIPS 7 W
G4 TI24000r X 0, 4R TI21000r X b3k
REW LD E DR, Loag RaTE: & TS
SR OFTIEC 7 J0E & b5 U CiaiisEm
& U T DT A et ol 722 R AR &5t~ 7.
SN CEETRE [ 7 ) maiimg R, <
AICER TLGERET BB BE D v C % BRI R AE
DEFLTTHEREZ DN DE LM~ W
[ 7] 340 R Tid 600r X b, FFEHRE T
124000r X D FEOWMDBRLN, A 7]
TR SHRZUREE bR 5 < E451000r [
L OTURD THEPWDV R b h 2B ERE
725

WA IR O XSRS o T7 ] 4R8
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CEAR ¥ RERCEN U UITIEE 7 ) WP sess
SRS T16000r X b, 4Byl R Ti2000r
X0, m¥E 71 RS Y Ti36000r &
D, SEERECRI1000r XY, RIGA 7
VIIFFRE AT B RS k6000 X b, 44 ST
T32000r & WR2GEAPDEZED BT L~
72, W TR o H & LTItk
& 2 3B U FIRRS I R % 17 -0 TG o S R
BrZEE) & il L7z, — PR XSug2 o
I E S T30, 1, KBS T
BB A e D & 5 A B(E A B MY, iR
D LIS % RS Lz iskd 28 Th 3
W HIOT.

CRVCITIE % B3l L2 DRE T e LD B R
b T 2ETETEER 2R L, Zhd Xy
VA 7 2 BB % B2 3 Vv TEi TiRAT L.
EBAREF S FER Ll A S
Fa=v, FAZ7av vy RBEbEST, VB =
MR, 758, VB 2B U T ahRaimg
sk a7z,

TRATHTFE S T XA vast e o 7 )
WCELC T o GRBIER T H 5. KT R AD
1M 7] 2P U CENRE L s 2 = & SUHE %k
B, TeTEE ST EER - T 3000r~6000r JR
ST 7 ] 2B U ChkoibR 2457,
BN FEE Tl 12000r X b, 5 g
TIX7000r & b, ZOMORER TLE70000~8000r
L, FETEAELEH T 16000r X bz
¥ M7 ) OFBEOWLBAD LI B E k<,
T [ 71 ARG LB L oBIR i, [7)
BB TAERR & M ELIF AN eE & i BEfR I
HY, [T 7] QWA e R R
M R B AT DL 23k, A CITIBNE N BT 22
—FEBTHBHEBE L. B RO 2 &
av 2 X o [ 7] Rk B8l
LTEETH Y, XEEEOPIE I [7] A8
WEHHESIERERTHIHEETAD .

L& DGR

FEFIXHRE O 7] Ry gL
372012, ERIERUERITIE 21Tk Ofs R
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#4587=.

(1D REICRT 2578, HAEC L 7]
RO ERA X OTEZL WS E
50

(a) FFHg 7] : FFEgE—R a4 <z 4000r
2T, g —REREE T 1000r 12T, FERS
SRS T 6000r 12T, 254 EIE T 2000r
VWCCER A DT,

(b) W 7] : FFREE—R S <3 4000r
WCTHBERRER { &5 —F RS T121000r 1<
T, TS SR T16000r 12T, 284549
JESTTI32000r V2 THSEEE IR B 3T,

(c) My 7] = FFRgHE— RS T 4000r
V2T, eH—ERI 136000 2T, HFERES
BRI Tix6000r 12T, 484 #RSS T1X1000
CE 2 & ey,

() XIRMHFOZE2 [7 ] RO
LTE FAFA v B TA7 uryvighg i
WHBHHTHY, VB ZhIik®, 778,
VB TR BRIk A h 0.

(3 XHEPwmERE o mE 171 3 #n
7000r~ 12000r OXFHRINICE VEE O Wb %
k7.

iR B R BI3E, H14E, HI5E, 16 E K
BE¥ipEaeaaciizL L.

HGET DA, BB 5B - WMy B
o7 B A SR, BROS EMEE L TE bR B
B AT 1 e VR e R B
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1) Weiss:J. Natur. London 153, 748, 1944, —
2) Edward Spoerl: Scientific American 12
%, 23, 1951. — 3) Lazarus, P.: Handbuch
der gesamten Strahlenkunde, Biol, Pathol
und Therapie. Munchen 1928. — 4) Bloom, W.:
Histopathology of Irradiation. Mc Graw-Hill
Book Co, New York, Tronte, London 1948. —
5) Behreus, C.F.: Atmic Medicine. Williams
and Wilkins Co, Baltimore 1953. — 6) Elling-
er, F.: Die biclogiochen Grundlagen der Str-
ahlenbehandlung. Urban u. Schwarzenberg
Verlag. Berlin u. Wien 1935, — 7) HA&¥#i4
B FTENRENERES, BERZEHERRSE,
1953. —8) K : HMREEEEERNEREM
W, 1955.— 9) Irving M.: Radiology 57, 561,
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1951, -—10) Hall, C.C. and Whipple, G.H.:
Am. J.M.&. 157, 453, 1919. -—11) Martin, C.L.
and Rogers, F.T.: Am.J. Raetgenol 10, 11,
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J. Exper. Med. 35, 203,1922. 38, 713, 1923, —
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Seylers ztschr. 224, 61, 1034. — 29) Raabe, S.:
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A.: Biochem. J. 29 811, 1935. — 31) Waels-
ch, H. u. E. Weinberger: Naunyn-Schmiedeb-
ergs Arch. 156, 370, 1930. — 32) Rosenthal, S.
M. and C. J. Pharma. exp. Therap. Voegtlin
39. 347,1930. — 33) Binet, L.C. et al.: C.R.
Ac. &. 204,1761, 1937. —34) FE, BiF: HAE
MRS EE, 35, 295, S16, — 35) Tunic-
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&k, 5,116, S12, —-38) Ium : [EFEEH, 47,
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The Effect of X-ray Radiation on the Glutathione Metabolism.

By

Yutaka Kitamura
From the Department of Radiology, Faculty of Medicine, Kyoto University
(Director: Prof. M. Fukdua)

Our experimental and clinical warks to prove the effect of X-ray radiation on the
glutathione metabolism have led to the results as following.

1) The measurment of the glutathione in the liver, muscular and blood of the
rabbits has shown a noticeable decrease with following rates of X-ray irradiation.

a. Liver glutathione

The remarkoble decrease of thé liver glutathione has been acknowledged in case
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of the full dose irradiation of 4000 r on the liver, and also with 1000 r full dose irradi-
ation at the whole body, 6000 r fractional irradiation on the liver and 2000 r fractional
irradation at the whole body.

b. Muscular glutathione

The measurment has shown no definite change in case of a single X-ray irradiation
on the liver even at the rate of 4000r but the medium decrease of glutathione has
been observed with 1000 r full dose irradiation at the whole body, 6000r fractional
irradiation on the liver and 2000 r fractional irradiation at the whole body.

c. Blood glutathione

The ratio has decreased remarkably with 4000 r full dose irradiation on the liver,
6000 r full dose irradiation at the whole body, 6000r on the liver and 1000r at the
whole body in case of the fractional irradiation.

2) As the contermeasures against the injury of the glutathione metabolism from
the X-ray irradiation on the liver, the prescription of l-methionine or glucuronsiure
has been proved most efficacious and Vitamim Bjz next, while no effect has beec con-
firmed in the case of glucose and vitamin Bi.

3) Previously the blood glutathione of Patients who were treated with a series of
deep irradiation has noticeably diminished affer the X-ray irradiation of 7000r to
12000 r.
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