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Radiosensitization Effects of Perfluorochemical Emulsion
to LLC Tumor Mice with Fractionated Irradiation
Under Oxygen Breathing and Radiotoxicity to Normal Mice

Youko Hishikawa Itoh, Yoshio Ayakawa and Nobuki Miyata
Department of Radiorogy, Aichi Medical University

KResearch code No. : 407

Key words : Perfluorochemical, Radiosensitization, Oxygen, Radiotoxicity

Radiosensitization effects of perfluorochemical (Fluosol-DA 20% Saline; FDAS) in varying
doses and modes of adminstration were studied with 5 fractionated irradiation (3Gy each, totale
15Gy) under oxygen-breathing for tumor bearing mice. And, radiotoxicity (LDs, and effects on
bone marrow cells) in the combination of FDAS under breathing oxygen was studied with

whole-body irradiation for normal mice.

1. Significant (p<0.01) tumor growth delay was observed in all of FDAS-treated groups as
compared with FDAS-untreated groups under oxygen-breathing irradiation.

2. FDAS prolonged tumor growth time in dose dependent manrier, however, there was no
significant difference in total dose of 20ml/kg vs. 10ml/kg.

3. For the mode of administering FDAS, the fractionated injections before each irradiations
were more effective as compared with the single injection in the same amount.

4. Oxygen-breathing slightly increased radiotoxicity (LDs,) of normal mice, and no further

increase was induced by addition of FDAS.

5. The combination of FDAS, oxygen and irradiation showed the same radiotoxicity as the
level of irradiation alone, on the bone marrow cells of normal mice.

It was concluded that FDAS could increase radiosensitivity of the malignant tumor in the
case of not only single irradiation but also fractionated irradiation, without increasing radiotox-

icity.
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Perfluorochemical emulsion (PFC) (1&EEE%E
BRERHEYPLLTERD, HB~OBEOUS
KI5, —F, EFEAKPc—BK
16~20% DIEEEFM S F4E LY, BE/Lika X
h 9 3 EHAHRIEREY TH B, Thdiis
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MEROBBME K EKEETARRELEELBRT
Wh, X2 TR, EEES OBSEES T
DEMRFEMROBESEL @D S I, &0 PFC
DECEERERBE A FIH U o R R e a
FE L7, LT Perfluorodecalin # X5 &4 %
emulsion, Fluosol-DA20% % (V225 SsEE 7 »
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Fz, F72$ L\ PFC, Perfluoroctylbromide %

FH 4 & T 5 emulsion, PFOB % Ehrlich & ~
VA E L, BAREESREAELTY, Zof
BshRiwBI LTk, Teicher 4919, Song %103,
Fluosol-DA20% % {#EH L CIEE ~ v = D 4R
REHOHEBERE L T3, FrERE2R
Perfluorotributylamine % £ % % & ¥ % emul-
sion, FC—43 %R L, zoEHM LR LI, =
DFRIZ, Fluosol-DA20%, PFOB, FC43 &£ D
PFC AT X OFH L 7o A iR RS BB Vi 5 X
nTuwb,

LhL, ThbRLeT—BRHRT5ERT
H 5, PFC DEEKRICA X ZEThE, 48R
OMF I T it hiis i,

Zoicdic, 4EIZ5EOSERBHICET S
PFC ORGSR At Lic, & R R
PFC o5&k X O 5HE (—ERE 13 s
g5 wowTHRR L, ChikRRxoE—
DEMTH %, Fiz, PFC © Radiosensitizer & L
TOBRKICHAOEENZHICEE - TETW3
b Ay 63, PFC ffRRC k10 5 MU RS
CoWTESTHRENR IR T, X -THE
DB, PFCH#tE5~v A4 H—ERBEL,
LDsods & OB fMifgic it T 5 8 i K EHAEE
R AN E (RHBREE) okied
5,

KRERFTEL B & UERER A&

1. Perfluorochemical emulsion

PFC & L T ZPerfluorodecalin & Perfluorotri-
propylamine % B % & ¥ % Fluosol-DA o # &
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0y,

EDF{ mouse fg ?

Lewis Lung Tumor Q

108 cells l after 5 days

rrﬂ?
1 I li I I | I 1
Group No. 1 2 3 4 5 6 7 8
FDAS injection + + + + + - - -
Total dose (ml/Kg) 40 20 10 20 10 O O ©
Injection times 5 &5 5 1 1 0 0 0
Breathing oxygen +F + + + + = -

Fractionated irradiation + + + 4+ + +

FLA (PFC L LC25% &%) ik 4 %igfbr b v o

AW AN 2 T20%PFC & LTHEHA LK, LT,
Z @ Fluosol-DA saline 20%% FDAS & %+
5,

2. DEBSHC & 2 MEREE 0K

2-1, oL BE

8 A i © BDF i = v 2 © & F i iz Lewis
lung tumor 10° cell (107 cell/ml #0.1ml) %
ET5 BHES E#O~v 2 (BEEAHG600
mm®) %, FDAS 58, 50k X UER
BADETEDEEN B, Fig. 1 ofm, 8Hic

AEFI624:12 A 250

(61)

(5 1/min.)

fractions 5 5 5 5 5 6§ 5 0
doses(Gy) 3 3 3 3 3 3 3 0

Fig. 1 Procedure of administering FDAS
fractionated dose irradiation.

o0, BRI <y A& Fi, # 8B GifR
B XBREF 1~ THO=Y 25 BO5EIRE
FTleot, 1 ~5F I FDASHERE, &6
~ 8RS 5 CH B, 1~ 3T FDAS %
SEIDEIRED > L, #1F138ml/kg (&40
ml/kg), # 28 i3dml/kg (£®20ml/kg), # 3
B x2ml/kg(£E10ml/kg), BETNCRERKL Y
SEIRE L, 483 FDAS #20ml/kg, %5
FX10ml/kg & 5 RO 4 EIBHDE 1 HH DA
BRI RS L, F81~6FuwonT
X, 5 B0 4-E R S48 v TR S B304 el L 3R A T
(100%0,) L, EAZEEN LooiaE Y Ba L
B, Bl oMBRAM L, F7HE5EO
SEIBH O ZEFTIN, B 8 BELEAE O X REF
& Lie, MR BT, °Co teletherapy ## A L
T 1H 1E3Gy (SSD 80cm, dose rate 0.72Gy/
min) OEIRHE 5 AREAEER Ui, B,
BE15GY & v v A4 T O EEH O i /TR
U,

2-2, EEATEORIE & 5o ¥ e

BHE 1~ 2 HECEEORE (amm), EE
(bmm) BLUEE (cmm) %/ ¥ A THEL,
EEAE (Vmm®) % V=aXbXcXz/6 DXRT
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KRobte, PHEOHEICIL, BHE1HE»HEH
D= v AEEAEHS,000mmdic i b ¥ ToHE
BHEL, TOERBEOTHELRD, HitaE
LI RTOFIHTIEREREY T - 12,
3. MEHEEMEOBT —LDs,—

98D IEH DDY = v A & kR 1 BE10pT
& UMEREE H15BER A fe, 15BER IRBHEE, B
B, FDAS+BMFRH 0 3T AT 5, BHELR
HOZTHY, BEHILSBEOMELYBRA X2
B 1D T07 1009685 AT AR AT Loo]R
SL, BAEHED 5 SHBEATT )7, FDAS+
BRSRHF (LB E IR 5 5 FDAS #20ml/kg # 54,
BASREE L ARROBRIFCHHE L, Zhb&Hico
W, ©Coy %15, 12, 9, 6 351 083Gy &4 —
EIfES Uiz, BAIIOCo teletherapy 1o Tk —
Fif@4 (SSD80cm, dose rate 0.75Gy/min) T4T
tofe, BEHBLLTE, &R0 3HEDO<Y
AOWT, AFAH, —REROBIZL B3
H# & TiT/c -7, £ LCIHRT-# 5, Litchfield-
Wilcoxon ¥51 X ) &8O B AR (LDs,) & 3R
iz,

4, BHERBHEOBT 8 2 = = R
(CFU-C) MIEE—

4-1, BWoT L BB

8 WEiRIE C;H/He = v A %58 1 BEIL 4B LB
XREF, B 2RHRBHOLZOBHERE, £ IFHIR
A0 MR AT (100%0,) HEEATR Lo>oR
BL, BAES PMRAT LT BRER, H4

PFC iz & % 588 5 ¢ O BAHRIBRE R & T OMUHRER

#1X FDAS %#20ml/kg BEIR X b BIEH RN
ERBEDEIER T 5 FDASHBEH D 4 B
Gitic, BUERBANL 3 & AEHTIGYWE g —
EIf@5 L 7z,

4-2, BRI X 0 CFU—C oG

AJEEERL, MEMARHE ZEED, 2.5ml ©
McCoy 5A modified medium 2T BB & &5
X hEEEMEYHALES. Chy—cBEL
e, AEAMIRRE A H L CEHA AR
1 X10%cell/ml % L, £00.1ml &40°C iz ff
B LB im0, 9m] & %,35mm Petri dish
(Nunc #) iz An X < BB EE CHE, 0.3%ik
FERIE A ER L, 5 %CO, incubator 37°CizT
7THEREZELL, BEdshPicBEEhi-ae
—# (SOELLEfAaD &7 5 EM) A 5758
B8 (Nikon I TEHBIL 7=, 7ok, 1 #fkoflE
3BT T iR 5 7,
7w R

1. DEIRBSC & 5 SHEBROKE

BHE 1 B CIEE A WA, 000mm?ic. 7 % %
TORD, EWOFHE, B L OEHOXBE
X A HIEEREOEE, iz h b4 BTk
THERERTEY Table L R L, BEAR &
BHOE6FFTIX, BUBOHSHE CIEE)
HLUTHREIC (p<0.01) BFERE L7-A%, B
DADETHEIFBELRRE ko7, FDAS
BEEMEAT T TRHEDE 1 ~ 5 xR,

Table 1 Tumor growth times to reach 5,000mm? in volume of each groups and their

statistical comparison

O |BRE| ST | 5AY | = 1 {23456 7]s
1 40 [14.8+1.0| 48.0 | 12 1
2 20 (14.3£0.9] 43.0 | 12 | 2 N
3 | 10 |13.8+1.0] 38.0 | 12 || 3 | *
4 | 20 |13.3+0.8] 33.0 | 12 || 4 | ==
5 10 |13.0+0.8| 30.0 | 12 |[ 5 | = | | =
6 0 [11.0%0 [ 10,0 | 12 || 6 | * | ex | e | e | w0 (DN
7 0 [10.7+0.8] 7.0 12 A I L I ~
8 0 [10.0+1.0 12 || 8 | x| s | e | s | owe | e —
(62) BAREEMEE 478 F125



e E¥ fh2g

BRARMTCTRHEOE ML UE T, 8B
LTHE (0<0.0D) wEEoME» 8 L i,
FDAS o 52T 5 B 4585 42T -
T 1~ 3WE, BEEOMIMCHE BB o
BEOMHEAL ALK, 18 (&E40ml/ke) &5
3B (B 10ml/kg) & OMTHAEEX (p<0.01)
BRBOLRI, Larl, HINEE2H (L8
ml/kg), 2 HEE 3L OMICIEEE L e -
7z, %7z, FDAS 1[E#E5 0% 4 8 (20ml/kg)
LESH (10ml/kg) & OMICIIATE Ll -
1z,

wic, FDAS 0% 5Bix—EL L, HEE¥r
EzlMusge, Tivbb5EHOSEBHD S L
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FRAATIC FDAS # 5 &3 5 LB e (31 ~3
) & F1BEOBRHITO L EBRE L 1—
BREDHE (B4, 58 L v+ s s, 5
REOT o1 EEE X b BEIE R 275 L1,
ERTIMI/kgH5EOEIPWLESHTRIAET
(p<0.05) wHEFEDHHR 1 S & b BEEA
AU, £ET20ml/kg 5 DEIBEL 8 4 B
CREBZIED LRI T,

2. BEHRREMEDIRTT—LD,,—
FDAS+B%BETIZ, 15, 12Gy BBH TS 2 B
BREX DIE, TR, > 0ok
EL, M-~ 22d 7 HEE TILMZEE L
7=(Table 2), 9Gy MRH TILRET 3 BHHE X b .

Table 2 General conditions and macroscopic autopsy findings of whole-body irradiated groups

Days

after irradiation General findings

Autopsy findings (macroscopic)

1

2 15Gy
3 12Gy
4 H

: Gy
5 : ' with closed eye

6 1
7 all dead

all dead

3GyMild
piloerection

Severe debility and piloerection
with closed eye, diarrhea

Debility and piloerection

6Gy Debility and
piloerection

(Dead in observed period)

Pulmonary edema and emphysema

Hyperemia and bleeding of intestinal wall
and mesenterium

Decreased contents of digestive tracts
(anorexia

Pulmonary edema and emphysema
Decreased contents of digestive tracts

Survived were autopsied after 23days

Pulmonary edema and emphysema
Decreased contents of digestive tracts

624512 5251

(63)
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M=o R ELBIFE, 5T FHOERIPEHD
~ Y ARRbLh, RECLETHBCKY, 1184
¥ CIRE&BIFET- Lz, 6Gy BE T - M 310
HEX hILE, 5F< T hERIEH AR
fo. Fio, FETHUIHECIOMUAR 3T, HECl0Pt
TG & HEEMR L bR, 3Gy BE T L 314

HEI W BEOTENRLILY, 23BHETE
FIEFE LT, 205 blff~ o AT OEEICD
T Fig. 2 iR L7,

BMERICOWT S, FDASHBRER & 2T
D—IERE R LTz, BICHED KR LI 6GY &
ST, BEFCSWTIRTEIZ#ETI0ES 2
VS, METI0Purh 8 T & FDAS+FEAHERE & RIEHEZE
BRI,

BB T3, B2 B &I EBEL5, 12Gy BEt
TUE, T EVREXELLHE, THHET
wEHIFET Lz, 9, 6Gy BB\ T HETRo
2H L BEREOEREZEL, 9Gy BE CI1112H
HBETCIEFFET Lz, LaL, 6Gy BETTIiE.
HEE HIC23AFEE CIITH R AR, 5T,

Table 3 ICEFFHE « M~ RDFETHEH LK D
FhFho LDk Rk, L, BHFETIX

1. Irradiation

g I — 15 Gy
2 = ——12 6y
Zs50+4 | ! —— © Gy
-3 I R =+
z ~n-= § Gy
. (3 0 —lﬂ '—'l
2 Irrad_li_atron t
Oz 100%!“‘?- o =

& 1 o I R
@ :
F50 L |7
2 | L
< b
é L]

Irradjation 0 +

3, Q2
FDAS 100EEEEs T P ———
z 1
Ol I T -
o
E 50 I L__l
2 N i
= 1
5 L
@ o = i,
5 10 15 20 (days)

Days after irradiation

Fig. 2 Survival rate of each male mice groups
whole-body irradiation.

(64)

PFC 1z X % B8 M T OBAHREEAR & £ OBU RS

i« L H9Gy TERFIFL, 6Gy TEBIAET
Hotoied, MEOHKOIRETH 57.36Gy
#{ED D LDsp& Liz, Table3 kb, =9 245
BEEHC X AR IR M (LDs) 3, BRTEAN I X
hETHEBIhAEAI ALY, BEATC
FDAS #ffR L T HBRAML L 3EE S h
Teha iz,

PIIRAGEIRRFT B T3, AT, BRRB, FDASH
MR L ORICER RZRRD bhishofe, T
i, 15, 123 X 09Gy BHEOFEAFETH (3
-~ 7 BRIZIED) konwTRBEHMmRS b BE

Table 3 LD, of each mice groups with whole-
body irradiation

LDs, (Gray)
Group 95% confidence limited
Male Fermale
Irradiation (7.36) (7.36)
Irradiation 6.20 5.30
0, (5.56—6.91) (4.67—6.02)
Irradiation
+ =
0. ] 05 5.45
£ (5.40—6.78) (4.82—6.16)
FDAS

©--0 Control
o——=& Irradiation
A——4 Irradiation+0; gas

1501 »— Irradiation+0; gas+FDAS

,\;\M

50+

Number of Colonies formed by 1x10° Nuculeated Marrow Cells

]

Q

L) -~
1
JlI

1]

!

1

\

1]

1
}

s

)ff

ok

0 5 10 15 20 25

Days after Irradiation

Fig. 3 Changes of the numbers of CFU-C in the
femur of whole-body irradiated (1 Gy) mice.

AAEKAE 28478 F125
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fEHIM & &8 R S hi, 6GyIRE O 5 BLIETH (11
~1TEBRIECIIC2\ T, LBERBY DT
W E D ABRTES M E e, R, BT
IaEBbhaliokERABLRE, TOMOH
Bk T, BEEFRED o1, 4
B oW TREVERSR D ienC &, BX
VR L 5 &2 bR AMOKE R I hc
(Table 2).

3. HEHREME ORI —CFU-C flE—

MBa 7 B, BT, Rl X OUFDAS+
BARRE L B & 1Te o 7o 3TN U BRI
LEE (p<0.01) i CFU-C g4 Lic, 2hb
IEREOBLOES I OWTIHEERERZTED A
Temote, ZOREADBHIAABCEIFFLLE
EEmERL, 21X 3T L SRBRO L <
AECEE LA, Fig 3iwRahizind, FDAS
+EAER R X OBR L LB L AROER R
mLic,

z =

PFC # % L \» Radiosensitizer & L CTEERATIC
FIHT Aoy, BRI X 0o ER s
CRTHHEHROBFLLETH S, ¥,
PFC ORI MEN SR ES X 5 & At
HhuE, ERESHREIEB S LTHERGHI
TEH\, PFCRERGITL W BED 553X T
EREBFEEYHF LTS, 0 5 BT, Fluosol-
DA RBMERES & LT i M52 4%
ﬁ éh-c ?a f) s %Ei#;%ﬁﬁls)l?), ﬁﬂtlslwzﬂfi E’
BWHELTRIFELLIFIEIh TS, £ZT,
Z @ Flouosol-DA %1k b V) & A ¥ T20%i1
FHE L= FDAS # T O EIBHERIC kT 5 1
B %, FDAS oftb5 &, #H5EH>EBL
> OMEE LT,
SEIRSIC X B BB RO W T,
FDASH+BEFII TN CRHE, BMEH LA
B (p<0.0D cfEE o a7, FDAS IZ
LY AERFC T RIS R YT T
LMD b hie, Z Do FDAS o5 ko
Wi, BHUBCLEY—ERETHID, &
ERHOOEGEWETHHBL VHRATH-
fo, TOfRER»L, RAEICES S hic FDAS 23

ARfI624E12 A 25H

(65)
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B fEFAT b0 EELLRD, LIL, 20
ERILEHEESEEIM/ kg0 P EHEETIEFBE
(p<0.05) TH 55, 20ml/kg BETCIEEER
fehsotz, FDAS oG sic B L i, 5885,
— 5 v b TR SR o BN EBE O
BEFEBEEA 2R LS, 285 §20ml/kg &
10ml/kg ORI AEEZRFDbhlth -7, £
EOKFE,D, 10ml/kg 5 THHRIFAFTE
HHokEbhi,

TTIHEIR TS —ERHOHRD 5 b,
PFOB # f\ 7z Ehrlich fiEf = v A ¢+ O fE
B R BEGE R 122.027TH b, Fluosol-DA (0.2
~0.4ml/= v A) %M\ iz Lewis lung tumor,
SFa-Il fibrosarcoma @ Teicher & DR & T
Dose Modifying Factor (MDF)=2.76'""TC# %,
Song % % Fluosol-DA (12ml/kg) # fv~T RIF-I
tumorizsf LMDF =1.96 250 L T\~ 5,
DI Ir—ERSC X 2R & SEIOHERBFH X
DR L A EEC BT A LY, EBREHDE
Wiz WREEchH B, SEOSEBHOEBR TS
RGBSR AR L0, W ERLE<
v A DEHEENETKEH -7 (F600mm?) 7=
DEFEOHENDETH -1 LBRFEEO—2 &
Bbhs, —Rco/ERFCETLEOEARF
i, EE D 5o EE (Repair) 12 X 5 FHHE5E (Repo-
pulation) 1IZJ - THIlEDEFERO LA, Fic
BE3E{t(Reoxygenation)iz. & h EFFRDE T 23
= 5 ReoxygenationtZ P L T4 B, FDAS
LT X b i 1 [ B o RGN EIEA O E#ESE
MEOEL BBELEIhBTHAS. ¥, ER
DULBIRIA X BA I, EBENNERLEER
FBETHD, CoRbEBBERTE L bR,

PFC o Bt o\W T, mERRER
fed A4 % PRC ok T (<0.2um) 2310 ER (7.7
pm) TRIEFBATRECEEANERERRC T
BRiR 28 LIRS E 2 @D TR 2 1
KT530LBEbh3a, ChickTHRME LT
1%, FRICBreah L X BBNEXFET 5
1z Tumor imaging &£ % % 7~$ PFC (PFOB)
PHERE LR« EB TR, EEMRLSEIEHELO
R (hypoxic fAl) 1#-#7 % Macrophage

.
e
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12 PFOB %30 Y 3A % 41 Tumor imaging »° 7] 4
LB ERTTIRMEIL L, Bic, B%
1X9L Rat Glioma @ EFH i+ 015 A& (hopox-
ic fH18) T o PO, 4 HE»* Carbogen(95%0,+ 5 %
CO,) DADBARI~, FC43GHAIC X b 3.8f%
B2 E2FETL LT3,

PFC tf i s} 5 AR B o T, &
2IZ, Mason 250 EH <= v 2 D225 - Bk,
BFUE MO Do iikS, %, FDA+KK®
72X FDA+BR CERRELZ R -1 L B
LTWBDARTHSD, Bexd, BUHBRBEICL b
FEEZTLTVRHEARCY L CE#izr = —
WA~ DR BN LR, BE, B%E
FDAS+ B D BRI LY Rdirh o 1, LD,
C2WT, BEAMCE - TRHOZOBE X
DETHHBREE XML, BEAHK
FDAS #ff L T U R BN E I g X h
5T i ot, LD RizowTii, flic
BERRSHEBETERG, LaL, HURRSH%
%, BRESESOmmHg (EBRERE) ¥ 175
&£30mmHg Tk 3 5172 5 #330mmHg Ll 3%
SEZ EFTH Q00%BETDL) FrE s
RWZ &Y, FRERASOBESFEILL0~60
mmHg*”CH bh, 30mmHg LN FTof#IEES
& b BAHRRZENE X B0, RSN
(LDso) dETHMT A b D EE L R B, BES
FE10~30mmHg Ol T3, BMEARO LT L ER
ROENERTBZ 05, FDAS ftHIZ X b
HRRBSZ M LI, LDs b MERE L 1215
—HLIEEMELh-EE2 BN 5,

IEF B3 % Fluosol-DA @ — Bk iz o
WTR, B - IBHENY, RSB,
WEARANDEEO L U T TIREL BHE I h T
L, LPEFETE, BEAFEEILVWIELE
BAIRER, RERSCLIBFHBOBEATHS,
LaL, 40ml/kg 5 T4 4 BE#BIzEEL,
T DMOFFEITIXIZT LA EHEL BB,

LlEDin<, FDAS oftfix, =2 2D LDy,
CFU-CHIEL L OB ER LTS = & 7t
<, ZHRHFTSCTIERCHERYELY R LE
C & BERIREIZ &, ¥ L\ Radiosensitizer &

(66)

PFC iz X 5 RS COMSMHRBEGE & - ol sHis s

LTCHIHTEsTREXETZ2b0LEL bR
5,
&

Fluosol- DA © & F A 020%E R T H 3
FDAS #{# /8 L T, Lewis lung tumor = % & j=&t
L 5 Bl S EIRSHC 15 G5 %, FDAS
58, BEGE DERFELI—ERE) »
ZR Lo o8E L, %7 FDAS ROl gHs
BHEEOWT IR L TRORER Y Bz,

1, SEIBHICH T, FDASR# 5 Uit
BRIRTEAFBIOCBREH LY LEE (p<
0.01) @S DR H BRI L7z,

2, FDAS o5 BB Tz, #E5Eo#MN
A IR O R EIEGIE 7R L7223, 20ml/kg
&10ml/kg #5 & ORICIXEFEZ IR D Hhin
oz,

3. FDAS o5k L T, SEBHO
DERERE LI 0 BHE 1 B B O
E35LhEHTH -1

4, LDy XBEFRARNIC X b 35T HOEAHE I 125
mUZzhs, FDAS SR X b BB 238583 5
ZEidfeins e,

5. EREMIIgITX 3% L, BHBE L ARtCH

b, FDAS ftHIC X Y E I high -7z,

ELE, FDAS 3Bttt 2855 2 & i
$, FERHCI TIEFRICHRYELTL
ERIG A~ TREM 2 B D T,

ARBRIHB IR B, AR
HREEN 2 1L C DR RESRBOT « i BBHH L ET. ¥
7z, FDAS #REEL TS Fa oo s F U5 (M) s
BLET,

Wk

1) Clark LC Jr, Gollan *:  Survival of mammals
bleathing organic liquids equibrated with oxy-
gen at atomosphelic pressure. Science 152 : 1755
—1756, 1966
JCEFERE, AHIVALE | ATM¥E— M » 2 EHE
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3) Kallman RF: The phenomenon of reoxygena-

tion and its implication for fractinated radio-
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4) Gray LH, Conger AD, Ebert M: The concen-
tration of oxygen dissolved in tissue at the time

2
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