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Radioprotective effects of superoxide dismutase (SOD) on murine tissues

Takehiro Nishidai, Koji Ono, Nariyoshi Ri, Masahiro Hiracka,
Masaji Takahashi and Mitsuyuki Abe

Department of Radiology, Faculity of Medicine, Kyoto University

Research Code No.: 408
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Radioprotective effects of Cu,Zn-superoxide dismutase (Cu,Zn-SOD) using Slc; ddy mice were
studied.

1. The dose required to kill 509, of the SOD-treated mice within 30 days (1.D,y4,) was 7.85 Gy
as compared to 7.54 Gy for the control group of mice. The difference between these two groups was
statiscally significant,

2. Protective effects of SOD on radiation induced skin reactions of mice were examined as a
function of the drug concentration and the administration modes, The anti-inflammatory effects of
SOD were most prominent when 1 mg/mouse of SOD was given i.p. | hr before and 1 hr after irradi-
ation, and thereafter 0.5 mg/mouse daily,

3. Protective effects of SOD as a function of radiation dose were examined using deforming
scores for the mouse leg as a measure of response.  Profective eflfects of the drug were observed in the range

of 50—70 Gy, while no effect was obtained in the dose level less than 50 Gy.
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Table 1 System for scoring skin reaction,

Score Observations
0.0 | Normal
0.5 | Slight reddening

1.0 Severe reddening andfor dry scaly appea-
) rance

1.5 Scaly appearance with moist breakdown
. of one small area

| 2.0 | Breakdown of large area
| 2.5| Breakdown of about 50% of skin

)

| 3.0 | Breakdown of most of skin |

| 35 Breakdown of entire skin of irradiated
| 2 area with severe moist exudation
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Table 2 Deforming scores for the feet of mice.

Score i Observations

| Normal ] |
1 | 50/50 doubtful if abnorrnal . l
: |

|

: Slight change of shape, No hair ;:m foot

3 | Definite change in shape

i | Considerable change in shape, Severe
: edama

5 Almost shapeless foot

"6 | Nofoot ]
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7. J§c8.0Gy B0 & o SOD JEf: 5 D3]

Table 3 Lethality data for Slc ; ddy mice
exposed to graded doses of *“Co gamma
rays. 1.0mg/mouse of SOD was given i.p.
1 hr before and 1 hr after irradiation.

i 30-day lethality i

|%°Co gamma. :Injections of Img| i

rays (1.07 | (35ug/g body
Gy/min),  |weight) SOD'1 | No injection of
Dose hour before and 1, SOD
hour after
irradiation |
(Gy) | (%) (%) |
, 6.0 | 0/50 0 0/50 0 |
7.0 4/50 8 6/50 12 |
7.5 20/50 40 | 25/50 50 |
8.0 26/50 52 | 44/50 83 |
8.5 43/50 8 | 47/50 o9 |
9.0 47/50 94 | 49/50 % |
10.0 50/50 100 | 50/50 100 |
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/
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o = Injections of 1 mg (35u0/5

body welght) SOD 1 hour

1= before and 1 hour after |
{rrodiation
1 | | | |
7.0 8.0 9.0
Dose  ( Gy)

Fig. 1 Percent lethality (probit scale) versus *°Co
y-ray dose (Gy) for Slc j ddy mice.
Lines were drawn by logistic analysis'®.

O : 1.0mg/mouse: of SOD i.p. lhr before and lhr
after irradiation.

® : Control. (Without SOD)
LS8 %kt LT, SOD Br58 0% hid 52% T
Hole, TOFEIL L BET p<0.0001 ¢HE
THoic. Lal, 8.0Gy JEE LIS oK T
BE T ot —F, Fig. | eH{ZT XI5
logistic analysis'® C4-52E5 5 4 IFHL A6 12 24C
b5 S X o TRDIEEBTCREA LDyo 300
Il B EMREE (DRF) 131.04(7.85+0.67/
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Fig. 2 Mean skin reaction of mice after irradia-
tion with 20Gy.

© : 1.0mg/mouse of SOD i.p. lhr before and 1hr
after irradiation,

A : 1.0mg/mouse of SOD i.p. lhr before and 1hr
after irradiation, followed by 0.5mg/mouse
daily.

O : Control. (Without SOD)

30

7.54+0.52) Licote. ZDfEIX P EETIE p=

0.

OlozETH 5 7.
2) RMEREEEE I % SOD opyiEghE

Fig. 2 ¢ 30kV #£%20.0Gy 1 [GIfA4 L1k
SRS RUGR AAT. Milil B o B, i
k= AOEDOFHEWRIGTHS. Q= v
boe— B, @F L 30KV XS o 1 HERET
BLO LR @, Fhifh <A 1P b
1.0mg SOD/0. Iml A4:HifrifiK, Ticdb it2mg

Table 4 Averaged score of radiation-induced skin reaction according to the
modes and amounts of SOD administration.

Tnjection sdisdiils and amoont of B Average scores of skin reaction for postirradiation days
SOD in relation to X-irradiation Ist-14th days |  8th-2lth days 15th-28th days
No injection of 50D ) 2.13:x0.28 | 3.10%0.09 3.18%0.02
2mg SOD, 1 hour before 2.00:+£0.29 3.04+0.10 3.10%0.03
2mg SOD, 1 hour after 2.11:£0.27 3.05+0.08 3.11%0.03
1mg SOD, 1 hour before and 1 hour after 1.98:+0.27 2.63£0.07 2.44+0.04
O s Qo before and 1 hour after, and |y gq.40 5y 2.450.10 2.25%0.05
1 hour before and 1 hour after el
0.05mg SOD 2.31:£0.25 2.99£0.07 2.89%0.04
0.1 mg SOD 2.52:£0.19 3.00=£0.07 2.82+0.06
0.5 mg SOD 2.09:£0.30 3.11%0.12 3.19%0.02
5.0 mg SOD 2.24+0.22 2.8820.00 2.8540.02

h
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L) T Ll L L
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Fig. 3 Average score of irradiation-induced skin
reaction according to the modes of SOD admini-
stration.

O : Skin reaction averaged over the period 1-14
days after irradiation.

A : Skin reaction averaged over the period 8-21
days after irradiation.

% 1 8kin reaction averaged over the period 15-28
days after irradiation.
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T L] L ] L ]
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Fig. 4 Average score of radiation-induced skin

reaction according to the amounts of SOD,

O : Skin reaction averaged over the period 1-14
days after irradiation,

A ¢ Skin reaction averaged over the period 8-21
days after irradiation.

% t Skin reaction averaged over the period 15-28
days after irradiation,
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Fig.5 Mean skin reaction of mice irradiated
with 86 Gy in 15 equal fractions.
@ : 0.5mg/mouse of SOD i.p. lhr before each ir-
radiation.
O : Control. (Without SOD)
Vertical lines represent standard error.

2.87 6y x 30 (86,0 Gy )
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Fig. 6 Mean skin reaction of mice irradiated with
86 Gy in 30 equal fractions.

@ : 0.5mg/mouse of SOD i.p. lhr before each ir-
radiation.
O : Control. (Without SOD)
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Fig. 7 Protection effects of SOD on radiation-
induced mouse foot deformations as a function
of radiation dose.

® : 1.0mg/mouse of SOD

after irradiation,

Q : Control. (Without SOD)

Vertical lines represent standard error.

i.p. lhr before and Ilhr

PEUCL X5 i Ellag T, BB
B/ bR, UL, Fig. 6 R+ X511 [HEg
VNS OB ATRFORESREIB bR 5
7.

3 IEEEMomES x5 SOD Db
33]:;1{

FERER A Fig. TR, Eimd2MeV BT
FEOFEE, WS ~ v A 0PSO SR S
H5H. OHNL 32MeV BT -§ MBS o ZT SOD JE
BEROFERIGE, @®EIL SOD £ 50 E
RIGETH %, S0Gy iy T0Gy Dz sy
T SOD oMk 5 Bl sh R 2 38 7.

5. & =®

Bx DFE T~ v ADFRIFECH LT SOD 1=

BEE DBIEDRA GRS B vte s,  OffRzhR

(DRF) 111.04T Petkau, A., et al.®? D4l
LBEEREI M -te, ZOBRRE LT, §
1 IZAEBIC 7z Sle; ddy = & A D45 FRghe
&5 LDsoao 1 7.54Gy Clp b, Petkau, A., et
al. 23\ ~#- swiss white mice ¢ LDgyeyq, 6.44
Gy LHELTRK v s, 82 e e 0 H
Tk SOD AFRAEK & JEREPY @ g Licay,
Petkau, A BEHELTWwWB Z & M#EL S
ns,

. et al,



IRF554:104 25 R

SOD o fsHRbr b+ o B Gk, #y5
ISR T 5 - ENFBRTHEMT I -T2, T
b, RO B2k RIS 5 SOD Dpj
AEAh Iy SOD % SR 2 \ X tRic | @y 53
B XY, WEEL o 2@Es LeingE, F
O L LTx1.0mg SOD X 2@ Thh » Fz, —
77, 0.5mg SOD % @& 1 WiRIFG, #ic 2 m#s
Licliar, & OB RSfE! S SOD JEfy S0
BELtatAEMUTHhoT. LvL, BHER
H SOD % 0.5mg F*-o;a ¥ L7z ¥4, B X
OV BIMES oo 1 e R 48 (@ 0.5mg SOD %4y 4
Lic At bz o fa L o 2. =
D &Y SOD o A EHER I 3 X OHARA
AT OV T OWME L BET 5 &, BHHC
SOD 2FEIET A A L, B O &A= SOD
MWHELET B84, % h SOD 13 Of #il%kT%
2, 0 05 XBHRC X - T U S LR, 7
HEBCKIEC L > T4 LB b ThLEELD
na.

SOD 3% D54y THIE o 1o b i MRl % 88
Lic <, s b Lic SOD (320
JEOEFIA E# 2 bivT5 DNA i
BN LTHS LisvweELbh%, —7, SOD
EASEEdRCEE LT\ B Z L RERTS L,
SOD 134T & » THARIC RS Ci3ic ,
DI, FbhOTRERVERITH 5 L\ 2

20) 22,
%R0,

6. & W

Cu, Zn-superoxide dismutase(Cu, Zn-SOD) #-
Sle; ddy ~ v AJERERICHRET A Lic kb, #
DGRBS RN I A~

1) 1.0mg SOD % b Uch§d LDgoeg 13
7% DRF (31.04 (7.85%0.67/7.54+0.52) T
Bote. ZOED P WET p=0.0l DETH-
.

2) TEEREN PR B O 2R IREE T 1 B
SHRBTRESHR L SOD bk k L OB S
WAF L. 1 [EIBEIC 3105 Beh B3 MR 1 B
FIfTds X O 1 pflc 1. Omg SOD 2 b1, &
HICIBHH0.5mg SOD Zighn# s LicBani b

989—(63)

s> & bEleote. SOD LRI LT iy
INEHE IR % DT B b b 7. I
BT HPEMRZR .

3) RS 3 A RO KEEERFT O B s
T, 50Gy 7570Gy DFREIKT SOD DBfEsh
wihD T,

1) SODREHED IR TH Y,
T DPURIEMR A bEMT 5 &, HRERCs
CTHECIIIRTE SR TH 5.

RHEETOCHIY, RO BHIZREE L
FRME B, W8, W KRELRKE
WM, RETEC BHLET. ATFEo—1
WOCHABIE A & (MIEHREES, 401543), &
EENATRM S (o IRE RS, 55—5), FERM
WEBREe X v Thbhic, ¥, AFRCHERL -
SOD R HEMEKRARLL ViRt S h 1,

Z

1) McCord, J.M. and Fridovich, I.: Superoxide
dismutase. J. Biol. Chem., 244: 6049—6055,
1969

2) EEZ  BREME, 4%, 48:226—257,
1976

3) Hayaishi, O., K. Asada, ed: Biochemical
and Medical Aspects of Active Oxygen, 1977,
University of Tokyo Press, Tokyo

4) Huber, W., et al.: Studies on the clinical and

laboratory pharmacology of drug formulations

of bovine Cu, Zn-superoxide dismutases

(Orgotein):  Perspectives in Inflammation.

527—540, 1977, Univ. Park Press, Baltimore
5) Steinman, H.M., et al.: Bovine erythrocyte

superoxide dismutase., J. Biol. Chem., 249:

7326—7333, 1974
6) Petkau, A., et al.: Radioprotection of mice
by superoxide dismutase. Biochem. Biophys,
Res. Commun., 65: 886—893, 1975
Petkau, A., et al.: Protection of post-irradiated
mice by superoxide dismutase. Int. J. Radiat.
Biol., 29: 297—299, 1976
Huber, K.B.M. and Huber, W.: Orgotein,
The drug version of bovine Cu-Zn superoxide
dismutase. (In) A.M. Michelson, [.M. Mec
Cord, I. Fridovich, ed: Superoxide and
Superoxide Dismutases, 537—549, 1977,
Academic press, London
Babior, B.M., et al.: Biological defense mech-
anisms, The production by leukocytes of
superoxide, A potential bactericidal agent. J.

-]

8]

9



990—(64)

10)

1)

12)

13)

14)

Clin. Invest., 52: 741—744, 1973

de Dure, C., et al.: Tissue fractionation
studies, 6. Intracellular distribution patterns
of enzymes in rat-liver tissue. Biochem, J., 60:
604—617, 1955

Recommendation of the International Com-
mission on Radiological Units and Measure-
ments: Physical Aspects of Irradiation, ICRU
Report 10b, 1962

Recommendation of the International Com-
mission on Radiological Units and Measure-
ments: Radiation Dosimetry, Electrons with
Initial Energies between 1 and 50MeV, ICRU
Report 21, 1972

WaRaL, PRILEs, PIERYEsE @ BUHERE
kG s EFHRGRNE, BERFESE, 35:
171—179, 1975

Recommendation of the International Com-
mission on Radiological Units and Measure-
ments: Radiation Dosimetry, X Rays Generat-
ed at Potentials of 5 to 150 kV, ICRU Report
17, 1970

Withers, H.R.: The dose-survival relation-
ship for irradiation of epithetial cells of mouse
skin. Br, J. Radiol., 40: 187—194, 1967
Denekamp, J. and Fowler, J.F.: Further
investigations of the response of irradiated

17

—

18

—

19

—

20)

21)

22)

AR E SR R MR 5408 105

mouse skin, Int. J. Radiat. Biol.,, 10: 435—
441, 1966

Fowler, J.F., et al.: Skin reactions in mice
after multifraction x-irradiation. Int. J.
Radiat. Biol., 25: 213--223, 1974

Hall, E.J.: Radiobiology for the radiologist,
second edition, p. 70, 1978, Harper & Row
Publishers, Hagerstown

Berkson, J.: A statistically precise and rela-
tively simple method of estimating the biassay
with guadtal response, based on the logistic
function. Journal of American Statistical
Association, 48: 565—599, 1953

Huber, W. and Saifer, M.G.P.: Orgotein,
The drug version of bovine Cu-Zn superoxide
dismutase. (In) AM. Michelson, J.M. Mec
Cord, I. Fridovich, ed: Superoxide and
Superoxide Dismutases, 517--536, 1977, Aca-
demic press, London

Petkau, A., et al.: Tissue distribution of
bovine '**I-superoxide dismutase in mice.
Res. Comm. Chem. Paths, Pham., 15: 641—
654, 1976

Carson, S., et al.:  Safety tests of orgotein.
An antiinflammatory protein. Toxicol. &
Appl. Pharmacal., 26: 184—202, 1973




