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Effect of X-Irradiation on the Oxygen Consumption Rate anl Protein Level of
Ehrlich Ascites Tumor-Bearing Mouse Liver and Kidney

Byung Ok Choi, M.D. and Young Eun Choo, M.D.

Dzpartment of Physiblogy, Kyungpook National University School of Medicine
Taegu, Korea

Oxygen consumption rate (QO;) and protein content of liver and kidney of the Ehrlich ascites tumor-
bearing mouse were measured from 6th till 14th day after the inoculation of 4 X108 Ehrlich ascites tumor
cells. S i

The results thus obtained were compared with those of the groups in which;

1) Whole body x-irradiation with 400 r was done to mouse prior to the inoculation of 4X10° Ehrlich
ascites tumor cells, 2) Same number of the irradiated tumor cells were incoulated after subjecting the
tumor cells to x-irradiation with 400r or 900r in vitro,dand 3) the normal,

and the following results jwere obtained;
1. QO, of the liver.and kidney of the tumor-bearing mouse were all lower than the normal and a

gradual decrease of QO; in both liver and kidney was noted as the ascites tumor was progressively
developing.
In the groups where whole bady x-irradiation with 400 r was done, or x-irradiation of ascites tumor

cells in vitro with either 400 or 900, QO; of the liver and kidney were lower than the normal,
and the pattern of the dzcrease was similar in the case of the tumor-bearing mouse. :
3. Pro:zin contents in all the groups showed lowar values than the normal, and the decrease was

gradual as the ascites tumor was developing.’
4. QO; and protein levels in the liver were generally lower than those in the kidney.
A certain cancerous metabolism was, therefore, noted in the remote organs of Ehrlich ascites tumor-

bearing anima L

N 9] #% $ 2 4 (Crabtree, 1929; Murphy and Hawkins, 1925;

#* Ll Belkin and Stern, 1943; Dickens and Sime, 1941) #3}

FEEB maabolism o] (LR o 2 4 oxidative meta- FAE TIE EARY PRl Y A Het Wik &
bolism ¢] {§F ¥ fermsntative metabolism 2] JGi#¢ & Tt Aol ¢uA gk} (Warburg, 1956 2;1956 b). Bl
o 2 3 B oxidative matabolism &) EER S 1930 fr o] B3l ¥R wlel mitochondria o] s R
G Warburg(1930)7F Be: LR @& 4359 ¥E WSR-S JERTHMAVIRES YAIET 2o R Bk B
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£ ks WK energy & BN A BEEH:ARRE] Esl
ToER = A9 S o] i (Warburg, 1956 a;1956 b).
2l HErERS Baydl data S wm HREL 00, =
Fordl A FEIER Bl 4= 3(pancreas)ell 4] 31(retina)7}
AY EREY range§ rolz sl BEASNAE 5
(sarcoma)dl] 4] 20(mouse skin carcinoma)$| £iES o]
A 9lv}(Boyland, 1959). olA o BA EMEGNA HlZ
Al o] {ETFHejAclat nol WS, Greenstein
Q9508 KR@iElA 2 & E¥ 2 %A@k s v
A E#E 37 o84 wageh ¥ Q9% =
Yoshida JER#EREGF ] I @ BRI 2 QO 7 F#
o Mt ETES g, k%(1962)-¢ 94| Yoshida
BEAxEmas s F 2 B mitchondriad 4] . QO,
+ ohviEl EELAy BEMLE A 1 RS 8
Al ETFHALEE B@ED gt

= Ehrlich Bl -2 HBAE S &
BB B8R BlEAdld s —8S RiEshEe
#yol Bl £ 2L BRY 4 AoH, A=A 15
*l o2 RETSS WHEDRY B Xge = —
B 2R % BHERS S2Esd, Bk Y o
BRI (b7t #kd Aolvt. =3 EMKE in vitro
A4 X-gpoz v)e] WA % ol AL kel BET T
Bl wke A EEAs) o ERER S XHmRHEA
8 gLl g8 Roleh ’

v AfRe] —&o JEo] Bidle] BEE AFT
o BRIl B EEREY &8 R4 J9A gk
kel Hal A ol Fle TRk ol 2ol B
#helel. ole] RSt 4= Burk(1942), Kinosita(1937),
Dickens £:(1943) ¥ Orr 2(1941)°] §&o] T4 =L i
BE7] JiEpEe] FF(precancerous liver)®) i@zt
E WESh &4 HAT BREL 5T 9 d1, &
4(1962) fzifrel] Ehbrlich SR #9204 2 %58
wEd F 2 BRS #msld R 2 MRdmees
HERL v A HBEBREA AL B HY SR #el &
HAGHS BRE Jdebddx #@Esigich

HHEEY B 2 £Q969DE & Ehrlich [@kme
ol 23 Wl o Bl BIiERES o A% ¥ EAE
4] #bol]l B3t o)w] HHERY vk glvk A o] 8ol K
3wl 400r B2 900r ¢) X-fo = Ehrlich EfiiE in
vitro 2 BT % o) &S BEd vH-& HRERE BE
A& EBES 21 RS HRA Ly = ZRJ)

doda =} R BAES BRE & e B8

24 B AEL #Ee o o2 AR Hsl 900r
o X-\WBHHEA BAE T vl HEY 249 A
ZA 2% 2oclm dbe =3 i BRI =

BB st X-RBEARE Bl 2 282 voivta 3
t},

Dlksh e Bipd A FHEL WEHHS BERY
]l FF 2 B BREEES BEARo] oj9A #MLdt
LR s xg in vitro 24 400r ¥ 900r 8 X4
BHE T BERE BE Y S = o) 8 ERESE A
B AFA Bt E ¢4 FAERE RES A
ol o FRE ol TEFHIAA L.

RBMH o 5%

1) BEHH
O BERBY-L & K24 HEF+F #gEIA= 20
Al BBE 20~25gm &) JRF BRI A& KBS E5
ol AR BEsle] W20 e HRstgd o HHEK
T Xk MES FE BAT Aom stn T B
AL Hnstgl e B HHEE 53 fiastg ek
@ Ebrlich [k /-2 A KB BRAE A8y
A4 GEL-L Aol FHEAA BR, HBEES
B, ST B o4 IF BiEst HRA FES
glom KRG EEe] Frillel fEke B #AL
{EX 3l . hematoxylin eosin Jefh o 2 JEMINRS) S
23t
‘ 2) B®AZ
HRHws
=l
18 HBERozA Ehrlich i@Egalg § B
Eog X 2HBHEoEA B 400r Y X
BEE 4k # Ehrlich il 8242 &
45 37 . Ehrlich JE#ll8S in vitro & 400r & X-Zo g
HE BT & BRDo B2ES 3 ‘
% 4 ¢ : Ehrlich JE4IIES- in vitro 2 900 r &)
B st % ZREhpd R #
© Ehrlich K #8& :
Ehrlich a0l B4 10 B MHEARY EAE

=9 4Hfo R o] EERI oL

Xfgow

BREEER Bk 0.5 mld JERIIES] BV 4X1050] B %

£ saline o 24 B (E 2 %, 1969; Klein, 1953;
Klein, 1950; Klein, 1951; Revesz and Klein, 1954) 1 @
o 10 Tu] w92 [REsRCl s gl

Rl el Tl MEEs ol FoiAAL B
el mEA% S oBkYY 8 L MER 14 H
7= EHE ST '

@ B WEE WE

W% BEEL Warburg 8 E¥GERE(Umbreit, et
al, 1967l fkdte] HiEsget. B KEReZAE
KRP.(pH 7.4) 2.0ml & frfstx 345 E CO, ¢ 3
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K REye2 209 KOH 0. 2ml 2} 2 cm? ¢] J#KE- accordin
o ® A4 Eizmd FEASAT). £MAL mE dx
10 4H BEFHES W % 605/ 4 10 599 BE
HEES WESA Y. B3 HERQO)E 1l O,/hr/mg
dry weight 24 s&pRebg el

Q@ EHREY EE:

BF 2 BHESe £4 L 50mg S torsion balance 2.4
IEHEs] P& Sl R Virtis homogenizer 2 4] homogenate
¥ B3 Folin Cioculteau phenol reagent £ #FH%S
Lowry Q95108 Figkel] fksled WiEsign BEEL
(mg. protein/gm wet wt) 24 FERebg ok

@ X-# Bat

a) Ehrlich JE#if9E in vitro 2 X-# BHT % 26
T OFGE 3 Y F 48D JolAEe BEBEEA g 8
&K plastic 7850l Y 44 400r ¥ 9001 ¢ X-i R
HE dex, e Xt 25WaR BOE 28)d
el e 1Ee] 10768 vl$-2& & plastic i BElig<ol] @
= BEmEe X4t BEE shglch

b) X3 M M-S AKRE HEHFE AR Picker
W X% FEREY BEZ4 200Ky, 10mA, 1 mmAl g
0.5mm Cu filter 9} target-object BEgf 50 cm 452] fgeft:
L 2A 400rCEE 28 2 5 3R B 900r(8E 439
X458 HEl] Batsbgd et

-

1) Ehrlich [EkiEE ot FE#2]
R HBRQO0Y :

4X10° {84 Ehrlich JE XIS ol o2 fHReie] #
fiste] e B # #HeHNH £ 14 Hel
ol 7R {H R~ R 00, & mEd
b, sh-&ell 400r8] X-if 2HRHT % B B
MBS AL B Y BEBE in virod] 4 4007
- 000rd] X BHE Wk 4x105M@e) MRS &
T Fo) el A9 FERS Q0. & BiwEstd Az K
B, Fongt Aol 1k g &1 Bol=h

374 mE wpolgbe] REEBMBAA BF 2 Q0,7
ER B et 2FBAC YdolA F& & ohgl, &
oA B2EY ZRE Jov EF BHY K wuk
WR 2 Q0 7t ETFE+® AL £ 4 vk H Ehrlich
AR B4 SRR 1304 20 Q0,7
HEEZA ETH % % 11 B2 HE & ©Fo)
ot o e &S ETHIA §14 Bols npaly)
E®S 50% LT W g vdehlz 948 & 4
et 2 48] Rl AR BEY 2L AFEY 4 9o
U 25 %3 ETY @ild no)xm gk

el o7

2"l
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Table 1. Changes in oxygen consumption rate of

irradiated and non-irradiated Ehrlich as-
cites tumor-bearing mouse liver

(Q0,= 4l O,/hr/mg D.W.)
Control [400X(Body){55i(cen)lgooX(cen)
Q. | Q0. | o, | oo,
0 [*63:£0.08f3.63:0 0da 63:-0. ol 63:£0. 08

29 €)) 29
6 127220, 08[2.95:-0. 14[3. 12-0. 12[2. 130. 30
ao ® ® ®
7 [2.800. 182. 89=0. 10/2. 88=0. 11}2. 280, 02
b ® ® ®
g [2.580.232. 39:0. 15[2. 83+0. 172, 25+-0. 08
(14) ® a2 ®
9  [2-7520.2412.1610. 05]2. 94-0. 172, 414-0. 12
® ® ® ®
10 |2 7720.14{2. 1020. 07)2. 922-0. 06[2. 330, 04
® ® & (&
11 [264:0.16[2. 2540. 2312, 03:£0. 11[2. 080, 11
® ® ® @)
12 [210:£0.182. 20+0. 21]1. 822-0. 05[1. 99:+0. 16.
® ) W) ®
13 16220, 05[2. 1220, 18)2. 01:£0. 06/1. 840, 11
® ) ) €P)
14 {1-7820.10[1. 99+0. 13[1. 69-0. 03[1. 76+0. 13
@ @D ) @)
Q02
A
N
9,
3 —0
\ ANl ‘
e N
L e A><.\. g\\\i\:\ .
°>’<‘1§<9
oL . % so0x 1eeuL)
® ® 400 X { BOOY)
& 8 900X (CELL)
T P

Changes in oxygen consumption rate of irra-
diated and non-irradiated Ehrlich ascites tumor-
bearing mouse liver.

Fig. 1

ul @EAE 10 ARl & &8 Q0,4 ERSF 9l
= % ) HiHmes Ar & FEY 27 2949

2) Ehrlich B/kIEfEAIR A BB BE 488
Q0 :
RSl A 2 A—3 e T4 fEd 8 B

g —



88
% Q0,8 Exe 2R3 Higstd KFT Aol H2
* 2 % 2@

Table 2. Changes in oxygen consumption rate of

irradiated and non-irradiated Ehrlich ascites

tumor-bearing mouse kidney
(QO, =yl Oy/hr/ mg DW)

Days

Control

400X(Body)

400X (Cell)

900X (CelD)

Q0,

QO0,

Q0,

Q0,

10

11

12

13

14

9. 4240. 19
9
8.3510. 31
a0

8.38+0.20
L))

8.38+0.17
(6))]
8.1440. 25
)]

7. 960, 19
@
7.8140. 20
(€))]

7. 42--0. 23
®
7.48+6. 18
®

7.16::0. 21
)

9. 42:£0. 19
(6]

8.55+0. 17,
®

8. 5520, 20
®

8. 552-0. 21
®

7.760. 10
®

7.834:0. 07
@

7.47+0. 12
®

7.42:£0.13
€

7.5120. 0§
Q)

7.4520. 03
)]

9.42+0. 19
39

8.75%0. 12
®

8.460. 14
@®

8.23+0. 08
Q2

7.522+0. 02
@®

7.77£0.12
@ -

7.71%£0. 21
@®

7.324-0. 11
)

7.41:+0. 05
)

6. 63:£0. 21
€]

9.42+0. 19
62))

8. 06+0. 19
®
7.7220. 08

C®

7.73%0. 12
®

7. 7420, 09
®

7.95+0. 15
€

7. 851+0. 14
®

7. 6420, 08
@

7.670. 20
(8

6. 532%0. 18

)

CONTROL

400 X {CELL)
400 x {BODY)
900X (CELL)

14 DAYS

—EFEE - FkB I X-BEHE & Ehrlich I AR oh9-29 I 2 BRG] BRERE 2 Bald Hild—

e molz geh whak Fgd Hitd 2 £THE
Bife] shulshel HWREKHA & 14 B4 EXEY
70% LIRS AL gl .
=3 &Rl Q0,9 ETFY fHEe Az BFY
ERE 2 4 9lo) 55 FA—3 ETFY #8S no]
T Yes & 4 g
3) Ehrlich iAot 22 FaEe a8
3% W HIFEAA nx wlel o] £WHE A
¢] Ehrlich JiA{EEn$~ FaBe BE8< mg/am
wet wi. B FRehd ZMfye s HEY ERET L 4
g, % WA £ERMAEA L5 FEHdE et
EFSe] g& & opiel BERS BBl el FiRw E
TH d¢s & 5 ek
4) Ehrlich BkigsEnte2 BBES 88
AR Y FAENA nE ubelgde] BRMS EA

Table 3. Changes in protein content of irradiated

and non-irradiated Ehrlich ascites tumor-

bearing mouse liver

Control
*

| Days

400X(§ody)

4OOX(*Cell)

900X(*Cell)

f]

185,522, 31
16

(=2}

151. 30%2. 52
®

133, 75+3. 51
®

140. 53%2, 12
®
112,371, 82
@

106. 53%1. 33
@

o)

1

[e)

1

3]

1

=

185. 5242, 31
ae

160. 70+£3. 51
®

161. 552, 91
)

150. 853, 00
®

113, 38+2.01
®

119. 012,91
@®

185. 52:+2. 31
ae

171.35%3.13
®

149. 23:+1. 90
m

135. 38+2. 03
Q)

128, 77%1. 74
®

135.21+2. 19
€]

185. 5242. 31
ae

168.01+3,12
®

142.134-2. 04
®

149.91+1. 73
®

140. 06£2. 05
®

126.63x1.72
€]

*: mg/gm wet wt. tissue.

MG/GM WET WT.

200

100

—

A><°
o 8

g\)(

CONT ROL

400X (CELL)
400 x{ BODY)
900 X (CELL®

Changes in oxygen consumption rate of irradi-
ated and non-irradiated Ehrlich ascites tumor-
bearing mouse kidney.

74 mEvkel o] FREA A= KR A
o} 2ol 2 Q0,71 ARl A ZEHHS Hstd ETH
ol gz =7 R EY idd =e WKL ETFY &

Days

Fig. 3. Changesin protein content of irradiated and non-
irradiated Ehrlich ascites tumor-bearing mouse
liver.
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Table 4. Changes in protein content of irradiated
and non-irradiated Ehrlich ascites tumor-
bearing mouse kidney

Control
%

| Days

400X(’l§ody)

400X gkCell)

gooXEkCell)

147. 3442, 12
as

180.16-1. 75
@

o

2}

[o.0)

129. 30:1. 92
®

1

(=]

122.552-2.13
®

1

oo

120. 042, 42
@

1

[

117.51+1. 83
(¢))

147. 3442, 12
av

140. 262, 82
®

127. 361. 50
®

115. 50+2. 03
@®

127. 51+1. 82
®

131.1342.18
®

147. 3442, 12
a»

122,562, 72
®

129.551. 83
€]

127.36%2.12
)

120. 282, 27,
@®

117.313-2.08
@®

147.34%2.12
as

125. 552, 23
®

137. 38:k2. 07
®

131. 27+1.52
®

125. 36--2. 12
®

120. 052, 20
@

*: mg/gm wet wt. tissue.

MG/GM WET WT.

200 -

100 -

e 1

x

X CONTROL

0——0 400X {CELL}

@ 300X {BODY)

p——Dp 900X {CELL)

Fig. 4.

1
14 pavs

Changes in protein content of irradiated and

non-irradiated Ehrlich ascites tumor-bearing
mouse kidney.
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Al BEEEE A5 s Sl s 25 sl
ol 8 FREA & 4 o, wekd fEREBY me
tabolism -2 IE¥AY FHREET FkD RAolod 4] oxi-
dative metabolism & JEES) TR =le} #ike B
£ 3A 2 Aolr) o]Bie 19304F Warburg(1930)7}
fEHZ) FisE oxidative metabolism ¢ [B333-8 BERYL

89

A% vb-e AbgbEe] Wigess R (Crabtree, 1929; Murphy
and Hawkins, 1925; Belkin and Stern, 1943; Dickens
and Sime, 1941; 4, 1960; Nakahara, 1960)JEMEM Tr
E AR - oeln s Renk &8 fA
22 R4 o) 2r7tA BEs wa A And F
o o}

2121} Crabtree(1928) - f3t4ste] o] o} MR %R
ERE BHFHY AL¥E(Greenstein, 1954; Aisenberg, 1961;
#, 1963; Shynn, 1962)% = x| ¢fe},

AEERN A Q-2 FReR Ehbrlich K58 L %] T ¥
FEGY Q0o #MbE el MBAHK MBY BB
wel 2% BiRE ETH &3 FERA s = ER
o] ol Bl MERA% 5 14 BAd £ EXRES 50%
LUTR SAsisleh o] B A#HE FA%DE #(1963)
o] kol ST BRI LB e o] Y
ol F7E8 mRaEEelst € 4 dt 2 BaEEs Q0.
5 HES {ET5 o] oxidative metabolism &} [EE7 18
ez, webd ol gk mEHTI T EEAHY B8
Sushim 9o RBRglE Holzh Stk

o] kol RSk A = Nakahara(1960)+= RikMEHe] Wi
891 % & FiFf toxohormoneo] ZpuEelA 2 fE:
Bigell = 2HH99] 5k EE (systemic cancerous state)£]
#ibst Bk HeEHul gz Mider #9550 ¥
Pratt o Puthey(1958)-& falEo| 4:88/el BpAste] |
g ool & EMEBREI Y BEERBAE SR B#LE
Bfitpst o 455) energy IHFEE-S fES 1BHA =l @K
Bt HES

#3) JEHNEe] 9lel A& . mitochondria 7} IEH M
8 A4 Mt Be] A m(Carruthers and Suntzeff,
1954; Fiala, 1953; Price, et al, 1949; Schneider, 1950)
NAD(diphosphopyridin nucleotide) 7} 4= 7] <] k3t
#4 (Wenner, et al., 1951)% 0 2 =] o] Buj ojR.&
S fEHaAe] gle] A& 2 mitochondria 7} fragile 3}
T Aol BRA S Bkehte Aolw BEEHYS PR
FEEREA = ool #brt FkA HRA ohdrtn
PETES

s WD ERSEEY EAge ouA kst
ofol] BEA = FEES] &MY gelA oA HE F
Bk WEE ¥x Fsba 9lvl. el Ehrlich JE ko]
sfrdel ek HEASEA T E BHERY SERBSR
bETE wpelzto]l o QO 7k ETE ozl L Bk
By BRER(LS] REE ETTECER, 1960; &%, 1962),
BREMER 94 KTFE B okl I BMEE HE &

"FRie}(Pratt and Puthey, 1958; 255, 1963; £%, 1963)

t A8 BESS Fastd B4 BEDHHY BmRBE
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T R EEEt Bxda #EARe Bk B
E£Z A E] W BEEHHE BCT - ol dE
Zlo] opdztm 4§ 2=,

# BB HEE olE I ¥ HARY Bl
WE WA A B HY G =el HikE ETEE 2e
d Bl A ERE vlekzko]l fHREMHS] H BEST B
HH QA-CE ohe} e BEEEGKC] RiEd R =3¢ &
¥l B/ AR Bk Y Bkherz HER
9 Eae] MEHE BRI} ohdstn A= b
Ehrlich ##/1i 94 Ex8pd &+ REEA] L(Klein,
1953) @ebAl Ehrlich i s WEME Bt HE
B EER EAlAld v —d] REEEHSN
Bigo] £2 Rolvh(Revesz, 1960). =lebAl fl vk
28 BREHSS NHEER B Xfox —~B 2F
Batgr % SRS BEslg - ol B2 Ehrlich &
HE in vitro o) A X-BEBAY % G BHE
T} AR EREERY R Jdebd Zolvl(Revess,
1960; Z= 4, 1969; Revesz, 1955). HD & 2 (1969
o fkshd FEANES 400r o] X o 2 in vitrod]4 M
SH3F % EfEstd o BREdEe] BB aAs B %
Bl 9ok 900r B EAIRS B & sk 2
w|hEEEIEC] BBl Hste] ke (EHEstdetm she
400 9| X-H2HBHE & vloLol FHRES BENY
Lo = o ERERRO] BB oAl 3l gtz
vl =3 EMRERY BaRe XRESE TR
Baftel] glolAl R Ml Az 2 R/ i
I gl

HEEL AP oA oMY REBFE WY
gk & X-go 24 f5ES vH-&F e XgmEst
%+ #% Ehrlich jE/IRE #8&eAJ =L 400r B 900r
9 X-#o 24 Ehrlich B#ilES- in vitro o] A HRERE #
sty B BEADS BRETU F L TR QO,
2 7 BARe] X-HEBHE stx dawl #Bd et
ol #EE JEPIAQNE 4R st AEER
4 3 A o BRE v9 2ERS Bt HEHF
(BN Ehrlich jEA#ae 407 #)9 QO, ¥ EHEY
#el & ZR5 glu K= w3 BEEeRA FH
9 &R el 2T #ik ETHE BRE ddsh

Revesz(1955) & Forssberg(1955)l] k3l = Bai=l X-
#9 Bd =l SR EMS B WH, ®eE T
#2ckx stgch. =3k Revesz(1955)= 4000r ¢ X-f¢
o 24 Ehrlich {4l in vitro & JRAHE BEsl &
M EHEsx 2w stk el EEE #
AR 9001 7} 2] X-#Eo 24 = Bl 8%k
F HEs AL st 2 SEEHA = £ FES AR

® XA ¥ 4k 1969). weld Ehrlich g
© FEEBA AT X-ggels & EEEE
Aol A Foopsl WIEE o= ouj e EMEEY QO, ¥
AR vA e BEL B fild Fz Fyiex
gzl ohdstm B,

s E ]

no 2] 4X10°/5¢ Ehrlich SIS BHEsto 24
BEAKERS B4R % E6 B4 14 Holl ol 2r]71A]
B0 52 BER BEDDY F € BE/fs Bk
I BEREBREQO) ¥ BEAES HiEsn

“@© 400r 9 X-fp& mhgzol] 2EBHT % AR
FEAE BEIEY B

@ BHIS in vitroo] A 400r 2 900r o] X-fo g
A EE R % A8 SRS EEg f g

o4 QO0, ¥ EmES WEsm FHY 243 A=
st gt 2. Hns Atk

@ F ¥ BEY Q0+ BEDHY ddAdv =F E
e A Hete Ym FEAHE e BB wet
Wx KTk

@ 400r &) X8 2HBHE % BHRE EEY B
ol vk 400r B-& 900r 9 X-Ho v WIS in vitro
2 BAR % BET B g9 I 9 BEY Q0.
£ BB Kl Kz FizEgle] BrHY KBEA &
Tl

@ IF 2 B BEAEL 244 25 EFar ¢
I okEE EEAY KR et #ix BETEE @A
zglet

@ FFage Q0, ¥ EHES #te BHEY 24
of sl Z2fnye e (EFFSHg e

® Ehrlich Bmgpe]l SREE F 2 BaBd=
—&Y BHAHY Hes £ 4+ o)

REFERENCES

Aisenberg, A.G.: The Glycolysis and Respiration of
Tumors, Academic Press, New York and London,
1961.

Belkin, M., & Stern, K.G.: Cancer Res., 3:164,, 1943.

Boyland, E.: Practitioner, 182:673, 1959.

Burk, D.: In “Symposium on Respiratory Enzymes” P.
285, U of Wisconsin Press, Madison, Wis.,
1942.

Crabtree, H.G.: Biochem. J. 22:1289, 1928.

Crabtree, H.G.: Biochem. J. 23:536, 1929.



— g4 Bl erE] Al LAl 3 Al 235 1969— 91

Carruthers, C., & Suntzeff, V.: Cancer Res., 14:29,
1954.

Lok, kB RAEBE 14:17, 1969.

sk BmEEIE 3:11, 1960.

kKB, BERA, £FEF, BN RAEE 716, 1962,

Dickens, F., & Sime, F.: Biochem. J. 85:1611, 1941,

Dickens, F., & Weill-Maiherbe, H.: Cancer Res. 3:73,
1943.

Fiala, S.: Natur Wiss. 40:30, 1953.

Forssberg, A.: In; Ionizing radiations and cell meta-
kolism, Wolstenholme, G.E.W. Ed. P. 212, Ciba
Foundation Symposium, Rittle, Brown and Co.,
Boston, 1955.

Greenstein, J.P.: Biochemistry of Cancer,
Academic Press, 1954.

&EF, S, RxE, BN, S$EE I RIRE
6:1261, 19638.

Kinosita, R.: Trans. Soc. Pathol., Japan,

ond Ed.,

27:718,
1937.

Klein, G.: Cancer 8:1052, 1950.

Klein, G.: Exper. Cell Res. 2:518, 1951.

Klein, G.: The production of ascites tumors in mice and
theirs use in studies on some biological and che-
mical characteristics of neoplastic cells, Alnquiist
och Wiksells, Boktrycken (Uppsala), 1951.

Klein, G.: J. Nat. Cancer Inst. 14:229, 1953.

MEFB | IFEBE, 8:77, 1963.

EHR, BHEMN £xBFEES 8:31, 1963

FHHK . HEEE 12:87, 1963.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. & Raudall,

R.: J. Biol. Chem. 193:265, 1951.

Mider, G.B., Fenninger, L.D., Haveu, F.L. & Morton,
J.J.: Cancer Res. 11:78, 1951.

Murphy, J.B., & Hawkins, J.S.: J. Gen. Physiol. 8:
115, 1925.

Nakahara, W.: J. Nas. Cancer Inst., 24:77, 1960.

Orr, J.W., & Stickland, L.H.: Biochem. J., 85:479,
1941.

Pratt, AW., & Puthey, F.X.: J. Nat. Cancer Inst.
20:1738, 1958.

Price, .M., Miller, J.A., Miller, E.C., & Weber, G.M.:
Cancer Res. 9:102, 1949.

Revesz, L., & Klein, G.: J. Nat. Cancer Inst. 15:
258, 1954.

Revesz: J. Nar. Cancer Inst. 15:1691, 1955,

Revesz, L.: Cancer Res. 20:4438, 1960.

Schneider, W.C., Hogeboom, G.H. & Ross, H.E.: J.
Nazt. Cancer Inst. 10:97, 1950

Shynn, Y.S.: The Korean Medical J. 7:10, 1962.

WS [ IREBE 8:111, 1963

Umbreit, W.W., Burris, RH. & Stauffer, J.F.: Man-
ometric Techniques, Burgess Pub. Co., Mineapolis,
1967.

Warburg, O.: The Metabolism of Tumors (Translated
by F. Dickens), London, 1930.

Warburg, O.: Science 123:309, 1956 a.

Warburg, O.: Science 124:269, 1956 b.

Wenner, C.E., Spirits, M. A., & Millington, R.-M.: Proc.
Soc. Exp. Biol. Med. 78:259, 1951.



