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BRMAMBY + V2D 1>ThH 2 MC29 #i2 1960
% Bulgaria ICHRRLE L7- AMFKE BSOS
N5 BES 1723 2 retroviridae, type C oncovirus
group ICRTAEBRUEY 4 V2D—DTdh - T,
RFIRIE DT 4+ WX (AEV) OBHFERE Y 1 L
(AMV) LEBORIBY 4 VR ELT, BHIRELE
L, ZODHERMICIE helper virus 248 E 43, 1
MC29 Brid, FRIFBRAE, NEE, g, Bo Lk
B, FYsmRafE, Y o<, BESELNGESER
WARHME T 223492 1050 & AFARRQMEIS 10,
BRI & A% b EN MO
WZieEDo, Ve v2HIFEREC—ERRELTE
HahThas0,

FiT, WAH MC29 ¥4 VAL ZEBERER
T B8, IR RS 4 LS OR T I R
CRIL, RESBZOEHERODT 3 v —
&, OMER, OBBEARS LB 5 glutamine
MR ORRMEIC OO THM in vitro OHFFEAEIT-
IS I6ITI8 iz BRE s EBFMRLIE gluta-
mine EXRWSE VDS, T OEBMHILIL EE TR -
1320, mitochondria i€ glutamine dehydroge-
nase %¥§7:9, glutamine synthetase fE¥EAEL
DT, FPHETARI N glutamine 2FA LT
HEd 5 LEZ oNt. £7:, transaminase /L
T glutamate » 5T 2 A ¥ —4EH L, mitochon-
dria iZi3 glutaminase 2> DRHEAHNKIBE L /-,
& 51T, cytosol iILBLT, glutamine i3 glutamine

*EN TR ERERBE Y 0 L2 8RB LT $E4-7—1
Department of Measles Virus, National Institute of
Health, Gakuen, Musashimurayama, Tokyo 190-12

phosphoribosyl pyrophosphate amidotrans-
ferase (gln—PRPP-amido TF) % £ ¥ GMP syn-
thetase %4 L THBRDEREARKIC, £/, glucos-
amine synthetase 24t UL CHIlE&RKIc5 4 25
DI Ehi, ChoDRIRICE D, ToEBEE
D glutamine fRBHCBIR T 2 MR L BRICHE
5L EICE-T, in vivo ICHBIF 2 MEE MM E
(5 HREEZ RS TRE S h e,

UEDESSERT, TOEBMIID glutamine
RJPAEFEANIC L 3 in vivo OEBRKEMNFISIE L HH~
SHEEHEL, BT in vitro THIRIRMEIME % 225
SNTVWAP FRO=ZMOMEN A EH T 2 ERHD
Tohi (Fig. 1).

1) 6—diazo—5—oxonorleucine (DON). k[El5E
Streptomyces > L 3B S hi-iiEME ©, B
?D mitochondria @ glutaminase % 1mM T50%,
#lAED gln-PRPP-amido TF % 0.0lmM 50
%, glucosamine—6—P synthetase % 0.3mM T95
FHET 5.

2) Aminooxyacetate(AOA). 7 3 /ML 8¢
5 Ltk y, EHMID mitochondria @ trans-
aminase % 2mM T50%BHE G 5.

3) Acivicin®(Upjohn Pharmaceut., Ltd. Co.).
Streptomyces suviceus H» 55y B S hi-HiEYE T,
DON &[EUK glutamine analogue Tdh 5. HS
HFIMIIE O glucosamine—6P synthetase % 0.3
mM T90%, GMP synthetase % 0.3mM T100%FH
9 5.

ZNT O THERIL Fig. 1IGR L7,

LFREICMA T, BFEEEABU T 3EHOR
BERES T 2L 4 2 0 in vivo DEBRRICHEA L, B
B LU glutamine RBMEER & OBAMRLENS
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6-diazo-5-oxonorleucine (DON)

K
}
H—?—COOH
H
aminoxyacetate (AOA)
N—0y 2
I C—(—COOH

Cl1

L-a-amino-3-chloro, 4, 5-dehydro-5-isoxazole
acetic acid (Acivicin)

Fig. 1. Chemicals used for chemotherapy.

cEiclt, EBicHd 2R, EFEMASICH LT
MERDORENE N, MKIC L 5 BEESEES
NTHRABEEICGET S LN, $1E pH, EX
&, EREREOHRZ —BRIKEE BRI H,HHEINT
B3RP L HMRBEHRELED L. - T, EEM
R 5T O] RE 7S IR 1< B W THES O BIRMIBE B iR
Iha. MBHERLENEEBFRMEICKIISh,
MBFERE LTEEBAK, FNR BFH, <1 70K
BEBFHINTVS, HLl3, BHOEBEOREL
FR_E# 5cm T, BB 30°C izxt L 45°C iKfED
cEicky, HhoERTIBELEFE~O2H5ME
ShHRAERD, L¥EHEEEOHHADRGBELEB/OT,
ZORBENBRELEDTIICHET 5.

HHE&EIUAE

x B N

BREEELEHEE vy —LDABRL K —
Vi | HREERE AT

Bt

Rous associated virus—2 (RAV—2) %Z~s¥—
Y 4R ELTMC29 ¥ 4 V2% RIF free © HAEDF
MT BHARICHIRAER L THR L FREES %

BEOHWE TRICHEEL, 6 RBERLICSDERAVT,
R
1 HEMBOBEFORE TRICHBEL, 2~ 3[R
£ 2em SOFEF LK -LbDHh S, BEMIC 1~2¢
HEIKICER D, BRAANY I THYIL T2 ERBD
BE PBS TR L 7-#K % 18 gauge $t TR TS
L.
\AEE L ULSMBEMNE
FEMmEBEOATICRHRUNBLTE Y 1A
5) - TSHOBEHBAEAL, BEFANORESE
30°C fLicFBEiL, kI F v 7 7—-F OLEX, #E
A) 21 3EKKEEbICEZ 1.
LEMBEE I, A ryrA41RX~N% ) — TS
DEZEL - RHEEOEHEHOMEZR K — Vv THEID,
EITORDIT 60W 7 v 7FA2DF, KHEHD 200W
B EBHET, 85%xT70%x25 cm?® DZEMEZR YD, HiED
HETIEELR 4cm BLTT7 52 F 9 7d50iF
N7 ZATER->THRIEFRL, ADM 5K 10ecm BiC
HAHBEET BREHEKICK 5cm) H545°C 2RT LD
ICHE L. #910— 1453145 C oh TRE Lbs, i
%1 HIZ 42°C »SIEHTIEREIC S0 T THRLIT
45°C IKAs = &1z,
{E¥®% (glutamine KN EHSE)
BHEESOESE AP THR%K, DON, AOA (&
b1z Sigma Chem. Co. &) 3 LT Acivicin ®(Up-
john &) OS5 %A L7-. DON i3 5mM PBS &
WAaBAE% 9 HED» 5 0.1ml/chick/day ZHEFERIC
11EhEGERS L. AOA 13 100mM PBS A& A#%
fit% 11 BHEA S 0.05ml/chick/day SHRINESL,
e 9 BS (FIEIDA 0.1ml) L7z, Acivicin i
5mM PBS ## %+ H#%I00H» 5 0.05ml/chick/
day DREREMNES % 2 Bt T 1 BIRA, &t 8 [k
HUl7. 3%, & PBS BIMABESh, FHic
i3 1ml vy~ ) YERE (FvEe) 2RV
£ B B (ERI0
1. NEHRER
1) HEMER (7)
1) EEsEEE (5)
iii) IEXIEE (7)
iv) SEILEBEXEE (5)
2. DON #5. - IniBE%
i) {88 DON &z (6)
ii) 8% DON & (6)
iii) DON *{f88f (8)
iv) HEMER (6)
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v) HEXEE (6)
vi) SALESIBE (8)

3. AOA#E - mEE®
1) 1HEE AOA IOBEE (7)
ii) HEE ACA B (7)

iii) AOA xtFEE (3)
iv) HEMER (7)
iv) {HEXHREE (7)
vi) EALEIRE (7)

4. Acivicin #5 - INEEER
1) {84 Acivicin MERE (9)
i1) 5% Acivicin B (9)
iii) Acivicin X/ (5)
iv) HBIER (9)

v) {HEXEE (9)
vi) EALE SR (4)

BRREGEBOBES LVBEEOER, 6%, &
S%E/FATEHA IERMEL, Zhr#das-5iE
ZEBIEMOEEL LT, MESONEABE L
Z1ELTHRABER L.

REREHBRE

KEH B LOHBEROMII/KIEE5H OB A ICAE

120

=-=-a---= Non-T 30°C
~——<4— Tumor 30°C l.
~-~-4---- Non-T 45°C l

3
S

=% Tumor 45°C

Body weight (gram)

60

40 o Start of Hyperthermia

0 1 2 3 4 5 6 7 8 9 0 N 122 13 %
Day of age

Fig. 2. Effect of hyperthermia on chickens
with or without tumor.

BUER, LRREBIRIRME L OOBRMEIC LR L, B
BElULBEBEL L H LTHER, 10%hiHe
W7+ 1<) VBCEE L. SBOREN 2~ 3
BICOWTN T 74 VI AERIL, ~w bty
YTV RBBFERNSE THE L /-

Mg H L CEMBOEBEDO—H % 2. 5% glutaral-
dehyde, 0.1M cacodylate buffer solution pH 7.3
TEIEL, 2% 0s04 buffer THETE, Epok 812 T
T, BARRY S V& T VRRSATRE L, H-600 =
FHMETHEL-.

M & O MEE L ERRE | LSRRI X 0
hematocrit (Ht) f, hemoglobin (Hb) i X t¥1f1
RES (p—TP) 2#8IE L=,

DR MIC & 0 238 L 7- g% —20°C THREL,
glutamic-oxaloacetic transaminase (GOT), glu-
tamic-pyruvic transaminase(GPT), 7 -glutamyl
transpeptidase (7 ~GTP), alkaline phosphatase
(ALP), lactic dehydrogenase (LDH), [R# (UA)
BEUORIVZRFo— %, Fiko HbfEd & bic,
2245 +® (PAMK KK) £HT RaBA-SU-
PER (F4) THRIFE L. 74, cellulose acetate

1 3

—&— 30°C

b 45°C

Growth ratio

0 1 2 3 ] L] [} 1 8
Day of experiment

Fig. 3. Effect of hyperthermia on tumor
grafted into chickens.
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g
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B
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60

Day of experiment

Fig. 4. Hyperthermia and chemotherapy in
chickens with transplanted tumor.
Experiment I: 6-diazo-5-oxonorleu-
cine (DON) and body weight.

BESKSEICLD, MEEASBELLU A/G O
BHAT -7, MAEEGRLMFEHRER, R
EBEAEHWTRIE L.

08 - JHBBORBHC OV TN - FMBOREE
9 ~ 3 Ak, MET I/ BAFEIT-T.

= F

1. fniBhREER

Fig.2 iCRd &S ic, 2EHAFBRKE TO 2 HHO
HEET 2BV CHREMMARD 0, 30°C @FIC
U 45°C BT RE LW EFEET A5 L. JHE
BoBSEMmE 3 BET p=0.01, {EBOBSIIMNE
3 HET p=0.05, 4 HE T p=0.01 £ Th TN DX
pricst LEEEAR L. 30°C AETRIBRICKS
BABEOE FHABE%IOB B THEES (p=0.01) &7

-7,

HHEIES 2 3 ~ 4 BRICAITIREL 55 bOBE L,

6 BEED ST - BRIET, BEEOETHRD S
h, EPEOMEE & bicE, HRASFR, HT

(93
—t— 30°C
—a— 45°C

Growth ratio
~N

ol .
0 1 2 3 A L] ] 1 L]

Day of experiment

Fig. 5. Hyperthermia and chemotherapy in
chickens with transplanted tumor.
Experiment [: 6-diazo-5-oxonorleu-
cine (DON) and tumor growth.

&, KEETHREDEREE L.

45°C BB I LD, TAHE, ARETIHEE
L b, POKEEML, dAXFR, PEOHNHSH
l‘l'. - 7.

Fig.3 (IEBMMERER L, MRRMEROBEHOK
X X3, BROBERIET 5561297 (mm?®) TH -7,
i & 2SS EERMENEI A2 L, NE 3 BRIC
p=0.05, 4 B#IC p=0.01 DHEEEZRDI.

e I < 10 D@ % Table 2 D EEIC/AR LT,
MBI, B, 77 ) +v 2% (F8, IF, B
D, ZAERIESC EAHEER - HELE GIKEDS
nr (B, B3 p=0.05, =S p=0.01). {HEIC
X R, BOEALZENZE R p=0.05 p=0.01 TEH
Shi-hs, MBIk ELBENRBICGEVEICT 7.
F 8 (2B MiE CRENIcERSEmT 0, Midiamn
Bz LD p=0.01 DIEXEE LT, HEEOMEICE
BOEEDLS SN BRI LEROBRERLD OB
L.

BAEETS 12 IR T TR R AR S B 2 TR
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~=--&---=- Non-treatment 30°C

160p  -=--0-~—~ AOA 30°C

~==~&—— Tumor 30°C
——d—— Tumor 45°C
=0~ Tumor 30'C + AOA l/:
160 —8—— Tumor 45°C + AOA

120}

Body weight (gram)

100

sor

0 1 2 3 3 S 6 7 8
Day of experiment

Fig. 6. Hyperthermia and chemotherapy in
chickens with transplanted tumor.
Experiment II: aminooxyacetate
(AOA) and body weight.

L, —SHA~NORMEHELED S, AROMES
BERBER L THREOEE ST, B & 25501
TS SN h - 12,

KRR 0 I B ARASS ~ — M RDPTRICEFIL,
BOMABONEIC L D/NEREE 2 LT, (SIFRs
AIRE & RBP4 A L, Wl 15
DHEURBELRBEET 5. BRADEBIES, 8K
DHEMREE SRS Stz ) B OEE S+
ICESHARROMIc R S i, MBIcLD, B4
HEVED L, EHDEMICY v/ D ik
MOZEED SNz,

InaExasti, AFROER & KBRS L O
WOIGRA R Ui, MOKEEBE, MIRORBEER,
FBD ) v NSRS L OMBIBEET & UL E S h
fo. BIEREEMAOZERL®RLS, REMETD,-S,
KEMREOBIRELE L, BHMOREREMET
R,

HEx R icI3, O Kupffer MIBADMEA & 155,
) oo, MEOTEMEBAESAED -,

——t—— 30°C r

6 b 45°C

0% 30°C + AOA

——&— 45°C + AOA

Growth ratio

0 1 2 & 4 5 v T8
Day of experimet

Fig. 7. Hyperthermia and chemotherapy in

chickens with transplanted tumor.

Experiment [I: aminooxyacetate
(AOA) and tumor growth.

Bics ) voogIlaE <, BhLAE LN FEO
miarh O ER DR TRE. BIBRHE - BEMBR OIS
5. BMEMIEE CERERR, FRIERRLE IO
TH-1z.

HEINESEDI & Kupffer MBIIEHALE ) v ook
HIRSR DR 1, BROMBIAZE D UL R
HHER, MOBRODE RS RMRIIBE RS X /L LR
B b . FRO Y vro NS, MEBEeE <,
BARBBEOEY, BISORMMEINSIES. 58
DMIRFEE L, EMEFETH -7,

ETEAMBEN T, EHMEEIIARSKETES L
FIEBMIC granular elements ICETri%{55 1 B
D, MREANICIE polysomes D% & 38D ri-
bosomes L/DEMDME/Ma %L, mitochondria
B—RIITRAET 2EM AR L7 (Fig.10). TH 50D
#U3 Beard 5 (1975) ? D& L - ‘hemocytoblas-
toma’ ¥£7:i3 ‘endothelioma’ it—%4 2. Mic
L BRI ICEBD SN -7, CHI
U 4 W ANFOSHE 4 MfARIBRIC A S/ (Fig. 11).
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200}
~=--8-~~= Non-tretment 30°C K
emngeamn Acivicin 30°C s
180}  ——o&—— Tumor 30°C ,
~——ar—— Tumor 45°C
——0O—— Tumor 30°C Acivicin J
160} ——e—— Tumor 45°C Acivicin ! i
g f Acivicin-treatment
51
&
- Lot
=
13}
2
>
g +p=0.05
M 120 »«p=0.01
100
80} >

0 1 2 3 & 5 6 7 8 9 100
Day of experiment

Fig. 8. Hyperthermia and chemotherapy in
chickens with transplanted tumor.
Experiment III: Acivicin and body
weight.

ik L MBS LEREIC LD, MEXEE
GOT OEEL LF L albumin DET, A/G HOE
T4z, Htl@BLU Hb b IPiIcEF L,
A BEEIE GOT, LDH O LR, UA OET, al-
bumin DEFB LT r-globulin ® EF, A/G LD
ETHED L, EEEEOELWERK (No.303) T
I MFED ser & gln AETF LT 7z (Table 1). 18
EinEgtcid, GOT, LDH HEICERL, p-TP &
Ht fE12{ETF L. Albumin ®EH & a@-globulin
DIET, A/G o ERHBFHT, KavzRTo—v
[HRAEETH -7 (Tables 3~5).

2. {tEWMEEMEET

1) DON 2B EE

DON 5 L1 &8, g, HRofFRichsd,
WAL LBHIET, TRMEEL, Fig. 4ItRTXIIC
pakE R/ L, DON fRE I 3 BEA SEMLEXR
Bt LT p=0.06 DEBEEE L7z, {BMIEMED

10t
——t— 30°C
8t —a— 45°C
—0—— 30°C + Acivicin
8t ——e—— 45°C + Acivicin
f Acivicin-treatment
7 3
e 6t
o]
©
i
o
R
z Of
o
Lol
&}
&t
3t
2}
Ty vttt
ol

0 1 2 3 &4 5 6 71 8 9 10N
Day of experiment

Fig. 9. Hyperthermia and chemotherapy in
chickens with transplanted tumor.
Experiment III: Acivicin and tumor
growth.

184 DON B5EHI 2 B EH 5 p=0.01 DEEETHE
BER Y DEESET L. BEMmEDSHS, DON
WEEHL 3 O HURGELSEE VRIS Y, 4BH
» 5 IR ERE & ORIC p=0.05s DR EEZEDI.

Fig. 5 OESHMEIRT L 5 ic, DON BH#TSH
BERADCEEBRESY, WLERLORIC p=
0.01 DEEEAEY, 5HBIK6 Pt 1 FoEHH
W% L#-. DON - miEgtATid, 3HBKMBD A
ORicx L p=0.05 DiB#EERL, 8 HHICIZ DON
BEcs LT p=0.05 DB EE THEGHRZED
t-. £ 6Ph 1PN 5 HEICEBMHEE L. 45,
CDERICBI S MERBEEOBBOKRE SiX 330L
261 (mm?) TH -~ 7.

DON ##5ic kb, B@NES X CEEEMREIC
BT, FhEOWBEHC L CHEE L OEIMA
f, - AR - F MOEHEERY, MiEENE
DEAEAEEER L. (Table 2)



Fig. 10 Electron photomicrograph of MC 29-induced transplantable tumor cell in a tumor

Fig. 11

bearing control chicken. Note ribosome-rich cytoplasm and unevenly distributed

mitochondria. %10000.

The same tumor transplanted in a chicken which received whole body hyperther-
mia by being kept in a cage regulated at 45°C. No obvious ultrastructural altera-
tion was observed. Some virus particles of C type were occasionally found in
either heated or non-heated tumor. x10000.
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Table 1. Analysis of serum amino acids (nM / ml)
X Non-T 30T Non-T 45C Tumor 30C Tumor 45T

No.17 No.18 No.20 No.158 No.161 No.303 No.312 No.324 No.325
Asp 30.53 45.40 18.61 133.31 38.06 45.78 30.01 206.63 271.12
Thr 873.64 1243.51 1042.97 558.07 424.33 467.96 614.84 789.67 775.13
Ser 958.63 1068.42 1080.05 1004.13 878.46 519.16 1191.13 1117.08 947.35
Glu 369.65 298.50 225.48 457.47 244.28 262.33 260.93 304.08 309.07
Gln 852.71 987.44 1198.72 977.33 808.66 375.08 978.31 1342.23 121.93
Gly 929.13 867.98 731.96 726.01 513.76 404.29 598.23 902.63 689.09
Ala 960.74 989.15 1005.24 963.00 768.76 315.90 862.78 1079.39 992.39
Val 438.12 380.10 399.22 197.53 179.06 179.73 219.49 399.66 270.16
Cys 54.35 50.08 57.87 34.88 40.53 14.50 37.08 34.04 23.78
Met 94.56 82.15 74.36 54.12 57.15 29.50 65.49 88.74 70.79
Ile 188.16 161.47 147.01 76.61 78.06 82.79 113.25 144.34 107.04
Leu 391.16 374.02 395.72 207.61 208.28 161.49 217.37 344.62 284.20
Tyr 212.42 214.52 195.45 202.32 184.49 60.25 95.54 151.85 153.00
Phe 204.08 181.37 161.21 109.81 105.86 95.22 141.87 162.19 124.99
Trp 106.14 74.34 84.75 51.24 45.92 25.55 53.13 77.41 54.80
Lys 411.23 236.72 417.32 250.74 189.38 133.14 422.91 231.96 126.37
His 101.73 113.38 104.36 102.50 80.67 37.76 56.13 90.80 91.75
Arg 415.32 428.48 385.40 259.51 197.86 89.21 261.04 439.91 300.78

DON B5Ic kD, BREEEAELENELVER  CEHEHZBRS ¥,
L, ©0B<, gfcsErEsgishnre £, B Fig. 6 iKRgLD1IT, AOA S PR BRI AL E S R B

BEOEBLRALNIEL T

DON B EEDRTIc 8T, Kupffer lasiEtit
L, BREOEEEENS -1 O vkl id
DadHE LT/, DON 5485 o gL 3K
REMICBEI L, BARANRBORDERDI. F1, BT
PRI IC B0 Z/MEFEEASER S, Y VYRR
BB 3R D, IRIBSIEE Y o RO ek
56, MEROBEXNEGRD, B TRARFROBME
A Sz, DON EimBoMiIck b, EEM
DAZMERED, BB OB, YV v RO
Rk RSB S, BFO Kuffer MFQEME(LPM
IR D BRIk A, V) Vo SREiagERES & AR, B
DY vooRRAERROER, KIREEOE, FRY
VNI DR & PO F R LY AR . BT
RasEFEIL A SNTEH - T,

DON #5ic kb, +xXTO#D GOT, LDH »8i
#ic b5 L, ALP @3EmEc EREm, HENRT
ET4R L. 7—GTP bimmERETELIETL
t-. B4, DONE Htfis p-TP 2 T,
Bt T albumin & F, 7-globulin b5, A/G
HAETF 242 U7z, (Tables 3~5)

2) AOA %RV EER

AOA AMERENRSS % &, BEBREICRNT, T
Sk, BEETARAHLOT, FBRHBANEEHICL

kLT, 4 BH p=0.05, 5 HH p=0.01 DHEEED
HHE OGN, AOA FRSHBEEHC B 5 HKEMFE,
B BRIc LC, 5 HHIT p=0.05 DHEEEENR
L. (HEMEDEE, AOA BS5IISAEALTAFIC
L, JeEEuc LT 5 HHIC p=0.05, 7THH
iz p=0.01 DHFEEEZDTI.

Fig.7 3T DERICH T 2 EHEERETTH, B
EOEER RIS, SLEREROEFOK
X X3 5622297 (mm?®) Th-t. AOA H&5RIH
HpoiEABHO L, 3HETHEESREICEL, p=
0.01 DHIERNE 4%, MEHHEHIIEEMERICH
L 4 HEIC p=0.05, 7 HHIZ p=0.01 DHEEZED
7z, AOA ENEOBEAIZ AOA B X D bEIEHR
pH<, 7THHIK p=0.05 DHEXLLD, BEHHE
Blx 2 (3HEE6HE) B,

AOA HB5IMRERVRZE L, HEBOBAHEIC
BREThH -1, FEEFRDHRIBBOBEDAEZFLL,
FICBRIEAERA R L. AOA MEEORIIIEXR
MEE7205, IBBOESFEREN >71-. AOA - INEHF
BB OO - finZEfFdEna2/R L7z, (Table 2)

AOA 588 Fth 2 HoRT, B, 818, MFcE
BB A BRDIH, MBS 8 Flic3EFERS
hiim -7, AOA BUEE 5 H X UNME R DS
i, ©PEI<, BImICHERSEERASEAEL T
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Table 2. Organ weight ratio (Organ weight / Body weight) X 10°
Thymus Spleen Liver Heart Lung Kidney Bursa F.
Non-T*30C 85.9+12.2° 15.8+6.7 334.6+58.9 84.0+9.8 91.6+17.5 115.94+11.6 64.8+15.9
on-
18°¢ 18 18 18 16 18 18
52.6+12.9 11.8+2.7 301.1+26.8 72.1+6.2 88.1+14.9 100.7+6.4 32.3%+9.5
Non-T 45T
9 9 9 9 9 9 9
T 30T 70.2+15.3 30.7%+12.4 390.5+72.5 85.4-+12.2 92.54+19.9 121.5+14.7 34.6+12.3
Hmer 29 39 35 38 39 37 38
T 5T 58.9414.3 17.5+6.0 338.9+43.2 78.8+10.0 98.5+13.0 113.3+10.3 19.6=+9.1
umor 29 30 35 38 39 37 38
Non-T 30C 78.8+9.1 12.0+4.5 343.4+34.6 85.8+7.3 91.4+10.7 118.2+12.0 57.3+17.2
DON 6 6 6 6 6 6 6
Tumor 30C 57.3+18.4 21.7+5.8 385.7+48.0 83.0+12.7 91.9+12.2 109.1+12.1 28.2+15.5
DON 6 6 6 6 6 6 6
Tumor 45T 32.7%8.0 11.0+£4.1 368.9+29.3 70.7+5.6 94.3+£8.1 101.0+13.1 12.9+7.7
DON 6 8 8 6 6 8 8
Non-T 30T 65.7+3.2 22.3+7.4 343.3+52.4 81.3+11.0 96.7+8.5 118.0+10.6 66.3+18.8
AOA 3 3 3 3 3 3 3
Tumor 30T 57.1x11.9 17.9%+4.7 339.3+40.3 84.9+11.5 92.3+8.8 131.0£8.9 28.4%15.1
AOQOA 7 7 6 7 7 5 7
Tumor 45T 51.2+15.2 19.3%+4.8 326.2+46.4 75.8+7.0 88.3*+1.6 120.0+17.6 22.8+3.6
AOA 6 6 6 6 6 6 6
Non-T 30T 58.4+4.8 12.2+4.0 322.6%+33.7 82.4+4.0 94.6+10.3 112.2+7.7 34.2+13.1
Acivicin 5 5 5 5 5 5 5
Tumor 30C 32.4%14.9 9.6+3.8 381.7+36.3 82.1+10.4 80.7+10.0 104.0+12.0 10.1+3.1
Acivicin 8 8 6 8 7 8 8
Tumor 45C  24.6+7.4 8.8+5.5 434.8+67.0 84.8+7.8 82.0%+9.0 105.8+11.1 7.9+2.9
Acivicin 9 9 8 9 8 8 9

a = Non- Tumor-bearing Control

7.

AOA HRBBEDIFFIMRIR D & BRIk IC R S HE5R
HEhp1s 0 DEBETHA SN, —EREIEICHE > TUV b,
FIRSR BRI BB 1S - o, NERIIEE O HRIE & B 18
i, BEOHEMELRON. BOY voo@bacid
RAulhid b, MREEOE ADREDER & i
WA,

AOA #5ick b, BHEESICIIEADHGRD L
BMiEst oM, KEMBREREE L, Y ookl
BOBELZY . MESHBICL D FEEOEEHE
S FEERE S BOMESEETH - /-,

H% AOA 858 DIFicid, AOA StBfficESh
e R IBERESKME T 8 > THE S ©, /NERE
BEOUR, MMABEMAE, RIS R LS A2
HoNt, BEEICY) VBRI ELASE O 7 b,
MM EZS L, WBGAICELD, FEEOEH

b= Mean * Standard Deviation

¢ = Number

R3FLIMNL, #ricPRBIC/NSESHE S
5DHTH 7z, FFEIAOISHIRIINE L., MBS
H, BEOY ol bEETH - 1.

AOA xifafE 3 Birh 2 flic, FOZEHHEDELEIC—
¥d5, GOTDOLFEAEDHI:. BFELEHS ALP £
5, UAET, HtE LR, p-TPETAEN7-. 105
AOA 58 bHRZ L MR84 % GOT L&, UA B
THd 50, LDH G EREE%ER L. NESET
GOT, LDH @ L8 0EHT, UA METHREAETL
7o, AOA #53&BD r—globulin LR & a -glo-
bulin ET%%L, A/G HiZFEEHRTEST, 48
BECTET L. Ht ELEBOBAEEEHE TS -
7z. (Tables 3~5)

3) Acivicin 2BV /- KR

Acivicin OBWEHIC LD, REVEH S EHL
TRHEK, BREEROET, TEX2L, B5KkE
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Table 3. Blood examination
Hematocrit Plasma Total Hemoglobin
3 (N) . ) & (N)
(%) Protein (g/dl) (g/dl)
Non-T230TC 30.0+2.7° (22) 3.0%+0.4 (19) 9.81%£0.78 ( 4)
Non-T 45T 31.0%3.9 (10) 2.9%+0.3 (10) 10.40+0.33 (4)
Tumor 30C 29.5+5.3 (34) 3.0%+0.4 (40) 9.39+0.17 (4
Tumor 45C 26.9+2.9 (29) 2.6%0.3 (29) 5.38+1.59 (4)
Non-T 30
on E 30.1+1.4 (8 3.140.2 (8 N. D.
DON
T 30C
umeor 24.8%1.9 (6 2.7+0.3 (6 N. D.
DON
Tumor 45T
27.6x3.0 5 2.4%+0.4 6
DON (5) (6 N. D
Non-T 30T
on-T 32.3%1.2 (3) 2.8%0.4 (3) N. D.
AOA
Tumor 30T
30.0%x5.1 6 3.2+0.3 7 N. D.
AOA (6) ("
Tumor 45T
29.7+2.2 6 3.1+0.7 6 . D.
AOA (6 (6 N. D
-T 30
Non T ,°C 30.5+2.4 (4) 3.7+0.2 (4 N. D.
Acivicin
Tumor 30T
re 29.0+3.1 (7) 3.4+0.4 (7 N. D.
Acivicin
T 45C
fmer = 25.8+4.1 (9 2.9+0.5 (8 N. D.
Acivicin

a = Non - Tumor - bearing Control
N.D. = Not determined

OB H @ IIRELEDT. Acivicin FHBELD
bigEs s LR HBICB T AERBED - 72,

Fig. 8 iT/Rd £ 91, Acivicin EfEE50OFBIT
HERD L, BEKLEOBHIEEYNG ST, &
ICIBE OB AEEINHIOEEE Th - /2. Acivicin
it BB 13 SEALE xR B IO LRS- 4 [BIRIC p=0.05 D
ETAR L. Acivicin &5 (3EEHOBEESL X
LAEELSE, NG, EMBOESREEHCL, ¥
5 2 Bl#%iC p=0.01 DFEBELED .

Fig.9 @SSR AR L, BHEES OB bk
BE50FAICEAFICA SN, Acivicin BREFIK

5 2 [Bl#kiciBgstBE o LAROHIBHMREZRD L,

IEStEE O MER IR L 3EREBRICERE (p=
0.01) &75-7-. INEBEABET Acivicin B 5

b = Mean * Standard Deviation
N = Number of chickens

izt L 9 HBIZ p=0.05, 10HHIC p=0.01 DFEET
B AME L. COERIBY 5 RNEBRSER
OFEF DA X X13386+269 (mm?®) TH - 710

Table 2 IKRT L DIT, Acivicin (3R, g, F
BAERIY, HIUBEBOBABEETH » . IRt
HBTIRIFEELLHEM (p=0.01) 0554 S5tz {H5E
Acivicin #50ATH, MOEM, F/AMEHHAT
OEMHBBSHBEICH LAERE L - .

Acivicin 5 D&E3, ZFASIBEEA & B H R
BA 2 L7 JEiBRE 5/5, {H8% 5/9, HEINGE 7/9. &
PECFEIL Acivicin 5 TBIEa Y, FPE~O
BosIEE T 1, ERIT2HED SN,

Acivicin 5RO ICIIFFPRED O 0§
fRic 2 A% - SEE, NERBE ONEEILER, 8
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Table 4. Fractionation of serum protein
Total a- a- -
b iod
N Proteine  Albumin Globulin Globulin Globulin A/G
Non-T*30C 4 2.940.1°  72.9+1.9  13.5+2.0 6.6+1.5 7.1+3.1  2.69+0.26
Non-T 45C 4 2.9%0.2  60.3+2.9  14.241.9  11.7+1.7  13.8+3.2  1.53+0.20
Tumor 30T 4 3.140.4  65.6+5.3  13.3+2.6 8.1+3.9  13.1+3.6  2.2140.28
Tumor 45C 4 2.5+0.1  78.5+4.1 8.0%1.3 7.342.3 6.3%2.5  3.76+0.86
-T 30
N°“DEN C 4 2.740.3  73.8+5.3 9.3+3.3 9.7+2.8 7.3+0.9  2.95+0.91
30
T“'";‘E)N © 4 2.340.3  70.5+4.9  10.4+2.0  10.6+4.2 8.5+1.1  2.46+0.50
4
T“’";Z)NS'C 4 2.440.5  64.4+1.4  13.3%3.2 8.941.0  13.4+3.2  1.82+0.11
N°“;\(T)A3°°C 3 2.6+0.4  71.2+1.6 7.340.8 8.3+0.4 13.242.0  2.48+0.19
T“mz;:()t 4 2.9+0.6  58.8+8.0 9.3+3.4 9.3+1.9  22.6+4.1  1.49+0.46
45
T“’“Z:)A € 4 2.840.7  70.4+10.6  5.642.2 8.0+3.9  16.0+4.9  2.77+1.49
~T 30
Non-T ¥ T 4 3.340.1  74.3%1.9 5.0+1.5 8.9+3.4  12.7+1.0  2.91+0.29
Acivicin
30
Tumor _C 4 3.340.2  67.6%2.7 5.7+1.7  11.3+3.9  15.4+2.2  2.11+0.24
Acivicin
45
Tumor 45T 2.240.2  62.5+7.9 6.3+2.4  13.1£2.3  18.246.2  1.75+0.55
Acivicin
a = Non- Tumor-bearing Control b = number c = g/dl d=%

e = Mean * Standard Deviation

OHMBERLELGZBDH SN, BOY v @D & R
DHEK, MIREEER S GRIHNED, FBRDY Vo3
INTERE S BRAEYD, BLUBROBHMFIRAEM
DET bBD .

Acivicin BMES THEBMELKEEBRE 2 O 18
FAEEL, YV BRI PP L. MBGAT
i3, EBPLEROKR & 1S5 B & DR o B MR D
KERREOED Sh, FRABOBDEY v/ #4l
BOBDIEICHEL L 10,

8% Acivicin 5# O i HFIRRIED S uidgic
E5PPREOEY - WIEH, BEWIEREIEH B,
MRREHLAA Sh, MBS IC X D PIRIE O R
IEEICBBEICIS - 7o b8, FPHIRE D BURRQIHST Hs il i8¢t
KERHMBR L, MIEFHEIHRES -7, KR,

FEBOEHEUZEILHIEE Acivicin #1588 & MBEHH
BicBWTEDHONS, BE Acivicin FlOEREZ
Acivicin XRICH U CEMIREMMER T, MEHF
FF| OB #I3 AR IFERE M ASHE B T B BZFER Y I HME
HTH-1:.

Acivicin #5 L &BRIEHIL GOT O L% %E
L. ALP, r—GTP OETIIIBEAICEE TH - 1.
FHEE TRV XRFo— v LDHIZERL, UAR
ETFL. HEOHE UAIFELLERL, LDHIZ
BT L. HBEMETGPT BLEL, MEMAT
BarzxsFo—-nwhERLK. (Tableb)

Acivicin 5. 3HBMERDO Ht EETEEL,
BEOD p-TP #ZMBE L D /DA, HEMER
D p-TP {3MEF L7, Acivicin i3 @ —globulin 2/&
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Table 5. Effects of hyperthermia and/ or chemotherapy on enzyme activities and concentration of
substances in sera of chickens with or without transplanted tumor
GOT GPT y-GTP ALP LDH U A Chol
" K—U) K—U) /1 (W—U)  (W—U)  (mg/d) (mg/dl)
Nom 74300 , e 12.16 14.37 86.58 1232 8.08 130.9
on- +12.10 +1.85 +3.17 +31.43 +266.2 +1.95 +13.71
Non. T 45¢C ,  anoe 13.53 13.25 84.15 1571 7.10 127.1
on- +42.64 +1.41 +2.13 +32.37 +157.3 +1.61 +4.87
. 20 , 206 12.49 16.54 69.89 2353 4.54 160.0
amor +23.53 +3.26 +3.55 +38.66 +376.0 +0.81 +17.13
N 45 ,  36eb 15.84 18.02 90.94 3676 8.43 94.09
umor +104.3 +2.12 +1.85 +37.29  +1498 +0.17 +50.27
Non-T 30T , 1966 11.82 17.07 108.3 2143 6.65 180.8
DON +20.38 +1.49 +4.17 +11.12 +386.1 +1.46 +70.45
Tumor 30T , 2396 10.83 11.48 112.8 2027 6.55 128.9
DON +51.82 +1.81 +1.50 +9.41 +330.4 +1.35 +71.57
Tumor 45T , 202 13.91 7.77 61.71 2135 8.71 116.5
DON +76.02 +1.54 +2.18 +11.09 +768.8 +1.79 +13.40
Non-T 30C , 1848 9.09 18.67 105.2 1538 3.80 106.1
AOA +33.45 +0.39 +4.27 +4.24 +545.3 +1.12 +16.14
Tumor 30T , 2031 12.04 13.44 68.56 1697 4.14 144.5
AOA +19.20 +1.91 +2.93 +28.15 +453.5 +0.52 +65.8
Tumor 45C , 235 13.18 14.79 62.15 2204 5.75 133.3
AOA +68.22 +3.69 +4.89 +17.34 +705.2 +0.92 +23.30
Non-T 30C , 3194 12.73 11.17 81.67 1733 6.16 174.9
Acivicin +50.11 +1.17 +1.17 +25.98 +53.03 +3.31 +19.37
Tumor 30T , 3152 16.04 7.47 56.05 1962 11.70 160.8
Acivicin +136.9 +4.19 +1.00 +16.58 +623.6 +1.98 +42.26
Tumor 45T 265.6 15.65 9.85 65.98 1513 11.39 153.3
Acivicin +94.14 +3.22 +3.10 +45.44 +655.2 +4.55 +41.96
a = Non- Tumor-bearing Control B = Mean * Standard Deviation

T&XxH, f-BLU r—globulin 25H 2@EFRINH D,
i@ MER T3 albumin ETEBHELT A/G
HA2ET XH/. (Tables3 and 4)

z 3

BaAmEY « VR MC29 ickh=7r YD
FFicE % Lo a st s 2 9 £ MO K T ic R R
L, 28MBIcL5E#EELSCICIBOI VS
YREEEFIC K 2ILEREEERAAIER, ThEN
DOHBSHR AR, BichBEOHHIC K 2HRHED
BEahi, Thid, TOMBRBIVS I VERR
HICRI A LTS R0 5, BRIC in vitro T#E®
SHTVAHER DR L glutamine RIBTF T44°C
mEickH RNA ABROGELLETI2E0MAEY

2B % in vivo ORFETH - 7.

@ik L CAERVINREAE L, BH oK
A1 IR AT e U T53~T70% ((E1563%) #iE L 7243,
BEAE $31~40% (FE335.5%) BT L7z, % 45°C
BREDTHE T ER, FEBTLELVEEEERT,
G MBB B SO EERBOKELOET, FFHEEE
BLUBEMEEDIE F2@H ks, HEMNEDOSHE, H
BRI LMERIC & » THEBRNIKBRI /- b
DELT, F-BOEK, Vv mki@ioEE, UA
DETHHD, HBEOEESZOFEFHRHLEINTVS
bDE LT, O Kuffer MBIaCEMEMOERE L
0, HBEEMBOSRICLVEFLIL -2 bDIT,
SMmEEE T, FROZEM, GOT-LDH OLtR, «-
globulin & T, oLV XFa—-VOETHH S, B
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BN O Y v okbfak s, bidoMdms adic
MEIT & » CRfatEERE AR L2, T hidmBog
EPRROEBEENBE CTRUEA1DELEILNS
5, LA, EEMEORML LCRMD Y v ki
IS TUES R i BALR 2 FEEISMEMEI O R B L & 2
RETHAHY,

HAEREE PRI N RS RE AR DB A 21T 1500 »
2. Janiak 5775 Sarcoma L1 Bifivv x %<4 2
ORICE D 2SR LIIEE, BRdiskoERARIE
OB TICL D, MEcBoRhmL 115, 4
OMBEFF L DB AHEEEL LS.

iR RS ORI I MEMR O ic & > CTHE
e L OXBIEEIC/I D, 2 b LR EDBELSHEE
SNLBOEFLUENTH - 7278, IHBIMEF TIZT
DEALRBAFHETH »7. BICFELVORFASLES 2 &
Bbhs,

ETPAMGEHEBERIC LD, ZOBEES I3 Mlade-
nov 5 (1967) 20 ¥4 L 72 “Endothelioma” iz—
BL, HFHRETEESNT Ebh o7, $7-, 10H
FRTROIMNRIC & > TIRIEERVISEOE(LAES 3
&IP3V IXCR AR

{L##EICH - DON, AOA, Acivicin i2, %4
TS5 1 H, 3H, 3HHTHEEREICHL p=
0.01 OHEZETHIBHRLRD SN, MEMHHICE
DEME S L DON 38 HH, AOAZ7HH,
Acivicin (3 9 HHIZ p=0.05 DEEEHEH S,
DON & Acivicin (3 & bICHIEERIT, Hiciks i3
famttrsg <, EHIEIH 0 TR BOBEELIZEA
EEIEE ¥/, —F, DON BEMLITE CTHELD
&I IBONID, ZOoDOERITE D A EE R
2B NEDD DD T, [ERTHER ST LEH
51255, EEMICHICKR T 2188, BEEENS
MRS ERTBERLASNEDT, ThE—EICE
STRBEE NS,

AOA 38735 transaminase PHERITH 373,

SEIGERICEVHRERD Lo L3EHICET 3.

Balf, £ ORMEHIKSEERIC 0.4mM DIEBE
AOA DSHEBEMGIZNR AR L2 8HE 2 sl - & T
ATH5. AOA Tk ZIEETMSN LB DS,
AT DBAIREVEIFAEE TH > 72, Acivicin (2T H
KRS DOZEMHEFERE A L, DON Ti3iHEEMmE
BlLT/NBSEE 2385 7., Zh O DRFRZED B I
LOBLEIGHEI LT &iF, glutamine LB
EROBUEBE T 20R,LLEMEBICHELEL S
gh: 7 =Ll 1AV A

L5 3O 2MIc B\ CREEMG O T & BE
U OKEMBRENED S, MELHALTLESL
7. glutamine HREREH ORBHRIC X 2 IR
ENENHBREEDNS, £/, BERICBIIRE
ISP DDV TEARADNHROEEARA-ECH, &
FEHB SIC X 2 B4R REORE DON (60%),
Acivicin (68%) DIFEICEIHT, AOA (74%) i
RICLBIET (716%) L[ERETH -, MEHEHIC
LDEICRZD2~0FBETF %27,

FNXTOD glutamine RBJAEFZ S5FIcE VT
GOT & LDH O ERDEED SN, Thi3EE
RADEABIE ) 0 T L, TERICHERE 2 SO (Kia D
BEICLLECADBREVEEDLNE, = by HE
U4 VA ERBEHEES S OO BRI RTH Bh, BE
BEDETVERB L, $ERIOBERIIIRBRELE 3
AIREMRH BDT, TNOEIEELS LT, AikickiE
TEEEE L0V, EHEEDEIMES X AR
TBHBTLOMBEEREST 2LENSHSS.

B ¥

MC29 v 1 vRiT Kk D FER I N /- o B W R R
R T, FRMS glutamine FIAIC K > TZ DR
FADSIESE 3§ MBI » 12 b DA, FIERD
K TICHHE L T9~11H%IC 45°C OMBHTIc L 5
LEEMEEL glutamine RBPHERIC L 3/L35
B XUHHEOHRZIRIC >V TRBFMICE~ -,
{LFHikicid 6-diazo-5—-oxonorleucine (DON),
aminooxiacetate(AOA), Acivicin® O=&% >,
BEXE, MmEE, HLENREENT, 9~13H
FRIEREE L 7-.

INRic & 0 S 63 % M| S, HeikEIZ T
3. 5¥MHE SN, BERY v ERBOEE, &M
REMET, /& GOT, LDH O L RS ATEETH - 1-.
BT EAMSE R I FEB AR PO M FE & HIE S 7 o8,
NI & 2 M REDEAIZZ L - -

DON 3 & 0 & S & EELIEI L,
BHRIC X DEFEHRAED, 6 B 1 PN EB 5
KL7. AOA iIC Xk 2 WAEMENIMELFEETH -
7o, MESHEREIGILEEE T, MEHASRE LA SN,
7Peh 2 PIOREBHK A B 7. Acivicin (3EEHE
BB L OREELMER L OEMEI L, MEFHSE
L DIREAEBBEVIRELE LT,

AOA % Acivicin ¥ 5ick 2 FFLEHEEFEE I3 MAE
BERIBRICE L BRI N8, (LR s 25
GOT, LDH ®_ R %285 1.
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mBko%E, glutamine RBIAFEORIITL
MHEBOMERLEIEAD.
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Summary

A transplantable liver tumor induced by MC29 virus, whose specific utilization of
glutamine in growth of the tumor cells had been well demonstrated, was implanted in the
subcutis of day-old chickens, and 6—11 days later, those were given whole body hyperthermia
by being kept in cage at 45°C and/or chemotherapy using 3 kinds of inhibitors of glutamine
metabolism. For chemotherapy 6-diazo-5-oxonorleucine (DON), aminooxiacetate (AOA) and
Acivicin® were used and after 9-13 days of administration the chickens were sacrificed for
pathological observation together with the administration control, hyperthermia control and
non-treatment control.

Hyperthermia inhibited the tumor growth 53—70% (average 63%) and the body weight
gain 31-40% (average 36%) and caused in the host chickens atrophy of lymphatic organs,
lowered erythropoiesis, rises in serum GOT and LDH. The tumor cells were identified as
‘endothelioma’ by electron microscopy, showing little morphological alteration induced by
hyperthermia.

All the 3 inhibitors of glutamine metabolism depressed tumor growth more effectively
than hyperthermia, and the depression was augmented by combined treatments of the chemi-
cal and hyperthermia. The inhibitors lowered weight gain of the host: AOA did it as well as
hyperthermia; DON more completely; and Acivicin almost perfectly. Disappearance of
tumor was observed in 2‘chickens treated with AOA-combined hyperthermia, and in 1 treated
with DON-combined hyperthermia.

Focal degeneration and necrosis in the liver caused by AOA and Acivicin were markedly
mitigated when combined with hyperthermia, while increase in the levels of GOT and LDH
was seen in all groups treated with the chemotherapeutic agents.



