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50 percent surviving days (SDyg) as an indicator of radiation effects

(In the case of protective effects of glutathion)

Hiroshi Yasukochi, M.D., Yu Ihno, M.D. and Noritoshi Watanabe, M.D.

The term of LDsy/s is popularly used as an indicator of radiation effects. To detect the effect of
protective agents for radiation injury, LD;,/, seems to be one of 2 good indicator. But the cause of death
by radiation is supporsed to depend on three origins, they are brain death, intestinal death and bone
marrow death.  LD;y/y is based on normal distribution of radiation death, but in reality, the distribution
of death is mostly divided into two phases-intestinal and bone marrow death-on the radiation dosage
between 100 and 1000R.

Here the term of SDj, is suggested which is mainly depending on intestinal death. The calculation
of SDy is just the same as that of LDj,, but the survival rate is compared by the duration between the
irradiation and the death, which is by radiation dose in LDjy/s.

Shortly to say, SDy, means the days between irradiation and 50 percent of animals survived. LD;o/s0
means the dose of 50 percent of animals survived for 30 days after irradiation.

As an example some effects of glutation are discussed, the effective time for injection Fig. 1 and 2, the

effects depends on irradiation dose Fig. 3 and the effect of fractionation Fig. 4, 5 and 6.

AR X EEEO LT A T 4 v
EL, flixodGEEHERLTE B h e
SNTW3Y., ZhofBizEL LT Y AD
50% FE R A B~ B8 LDsosse 0 Lo
bAEARTE

UL LDso 13703k 84 0 @ BIE o fin < ol
HIBIERTF 0D i WEBICfEH S hich 0T,
WS X 2 HIED X 5 fe BHIIB O FET % il

THET, O~ Y ADF R L oT
D, BUIBMREDREE, LB OREE 3D
REE /LW X D IedIc, LDgyg &5 HEHns
ICAEDTUR D B DABERIH IR B DT I T2 18 7R s
XAk - o 2B rdEfekE B E LS hrE
ST EIEFECERS bIE L o B e 3o &
BTELVE WS SL T 5 .
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SEH AR (Sdy : 50% surviving day) D&%
FIA L TARI. © 22T 5 B BB e 5 Bl
SEHC X B D TIkTel, ERESREY O
SFIGHA Ltk n LDy, &R HETIEL
b DTHS.

Wik & DIFEHLFES D LDsosse Pzt T
Wa RS b, 1o E LT, T
TIBEHE ROV TEL X hAbh T
HINEFF VEGRALY, ORISR
o\ T 2, 3 oFEE T o RILBRY MR
Land o=y ATRERYEL 2 8T

HAE SRS LM W2k H6F
#200EmD = v A KR HLE ORIE CIETT 5
BEOHEYBH L, BHROAEHEREEBRT
HRB . Theicl~<5 X 5 iCHET#R 0B A
2 LT Sdyy RRDBBITTHS. F3
16lE LTELRT X 51C14fio dd D %38 <
wA (202 ) 1 Co THi 1,000R & 44 E
H1L, BEBOERE~Y 20B FAMCIA~NT
B5. chivE3ficrol ¥ ToORKETR
(%) %, LT LDgye & AECllE 7 -
EY b, HESrEY b, EH v Y FEED
T, BRF1EMAOML LT Sdy HRDB.

- g
e e e

e THRETS. BB The oW TllsE (1D QoBELTTo7k
50%4EFH HE (Sdy) OFEE. BICHELRDS .
Table 1. An example for the calculation of Sdj,.
Days after | No. of mice | lethal detected | estimated | calculated Weight
irradiation | surviving | percentage (%) | probit | probit probit (y) (w)

0 14 0 I — — [ — —
1 14 0 i - - | - : —
2 14 0 | — - - ! —
3 14 0 | — 2.4 2.06 0.040
4 13 7 3.52 3.3 3.80 0.208
5 11 21 4.19 4.1 4.17 0.471
] 9 36 4. 64 4.6 4,65 0.601
7 8 43 4.82 5.1 4.80 0.634
8 7 50 | 5.00 5.5 4. 96 0.581
9 4 71 | 5. 55 5.8 5.55 0.503
10 1 93 ' 6. 48 6.2 6. 40 0.570
11 0 100 - 6.5 7.00 | 0.269
12 0 100 - 6.7 7.20 | 0.208
13 0 10 | - 7.0 7.42 | 0.131
assume n =14, x =log X

x =—EE%{LL= 0.872, §= ‘%’%’f}-: 5.246, b= E?—n\:‘a%;ﬂL 7.319

y= 7.319 x — 0.937 x = 0.811 when y =5
1) Confirmation of line.

1, = Zaw(y-9) —-@Eﬁfiﬁ%’;—y}; 6.851

in the case k=11, n=9, »(0.05)=16.919>%.

2) Cenfirmation of “‘b”’
1 t?
z =-Er><mz—=0.067< 0.1
(t = te (0.05) =1.96)
3) Standard deviation of “‘m™’.
m-X

1
V(m) e {E}IW’ + >n
A V(m) = 0.020

m = 0.811+ 0.020

wx-—X)F

[l
| =

(0. 000398
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b LZORETELL BRoBELRT 12
DIFEEE TeduE, #E3Ed LDy oEEED 15
DEBRBIE XL, 70D 1o=y A5 FERT
MEX e h, FHEERTIES Chie kL
BAT BT THS.

EEH*®

ddD R =V A (ffm20£28r) * {HFAL,
RAHEEE 2 R 7T fff: T “Co TvHEV 240
kVp X#T3m7 7 VY Dy —2 T B Uiz,

NERBTL /AR FF Vv THDHEFF v dy
EEBEACEAL, Fhbo®ifry FRoi i
XoTHE bR Sdy KX oTHE LA, 54
Y OBETIERECRIGE Lo WA 3 R
T & 128mg/IE Tk 24T 16PTrR 9 PLA: 3R
L, 64mg/PECiX16lLPAER L TCV50T, L
Dsoid 128mg/FE X hEi& i s,

Table 2. The irradiation technique.
“Coy STD50ch 104.2 R/min
240 KVpX (Cu 2.0, Al 0.5) STD 40cn
78.0R /min
(according to Toshiba dose-rate meter)

Table 3. Toxity of Tathion.

Dose |Solution| No. | 24hr.  [T7d. Su-|
(mg) (ml) | mice. Survwal' rvival
16 | 16 16
2 0.2 | 16 | 16 16
4 s | 16 | 16 | 16
8| «» | 16 | 16 16
16 0.4 | 16 | 16 16
32 |~ | 16 | 16 | 16
64| 08 | 16 | 16 | 16
| 1281 » | 16 | 9 | 9
SH
cHe
HOOC-CH-CH,-CH,-CO-NH-CH-CO-NH-CH,-
NH, COOH
s e

Glutamic acid cysteine glycine
Glutathione (y-glutamylcysteinyl glycine)

R SEREICRLSE D, FRAOIIELHEE
W 2FLALTH b, NEILIRA oS4 (#
AL, HEARROALEINCER e,
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NRETHY, HNTELBTEHOF FHoT L
L E S LEERITH D . XED X 5 k- Chicgt
B BIST % 2 3 IERERIZIZ S E h LC\Wig
o

ZORRETFRB DR ETIARZF A VEE
ALTbRHECOMBEEEL, Thic Lot
BFEREIR D E D X W EEB RN, Blb s
F20mg/lEaIEAL, HE, 1578, 309,
1 BEfER, 2 RefElgticdz« %Co v 1,000R %
L, ZoFT o % ihdo TR cHEEaY
A Li-borH 1 FHTths.

NEehnwihR (Sdy) i, B4 BHo
b & B L e 8 2 RIC 5 .

Fig. 1. Lethal percentage curve calculated in
various intervals between Tathion injection
and “Co v irradiation
Lethal percentage

%
00y —
/ —_
///// i
50p 2 It a5 0?5 4: after injection of 20mg Tathion
; in peritoncal caovity
I,l .
% 70 B

ﬂays after irradiation

I LEEAEBCIBH LB b Sdy
DL, WA RIS FBET LB 13 Sdsg
DIFEAR EZES T, RV ERDT I,
SO EREF A vHIEABLBR R B i
SHRT ISR A K75 5 = EDVbin s . 35 LEREREY
AERT % & LT 300 LA RS 23 5 B
BB ENHEPERSD .
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Fig. 2. Sd;, and Intervals got from Fig. 1

AAREZHGHE MR W2TE H6 5

Fig. 3. The relation between radiation dose

Sdsy and Sdg,
(days) <10°R
a0
/ﬁ 20
10} e
g e
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F
3
3 % Control ,
B o Glutathione
(9342) Img
@won 20 10 T 5 3 2 !
. ; 3) oy, 8) 240K7pX
S 7 (hrs)

Intervals between Tathion
injection and “Coy irradiation

DL 5D & F A oA BB
DIz, JLBEIHB LS CUBOERTITT
NT R FF VREAETE B TR ORI RS
L2 T e o B

i) MEAHREC X 55 R0E

©Co v 4% 600R, 620R, 860R, 1,020RJ%
Ut 1,300RZEMBH L, oot gF4 v
HEAROIEEAF20VLIE AR 240l Lic. 3E
ABixvsShd 3 mg/PEsEfRSTERNCEA L.

IO LA LTHBLRIEERND Sdy 2K,
FhEIRHRE L o Bk 2 Ao FIFT
H5H. #FF VIEIFED 600RTIHS0% L FET
Y, HoTZolHETIE Sdsy #HH T LT
Eichote. XIEHEARED 1,000R TikAFHICE
RO EL BEHMECHEAN SR, Thbix
2008 &\~ 5 FF I R R W iEae, EERRES
BofifHeTaRETHHLEELIELRS.

Z DRESR T00R 5 1,300 R o ILIETEARE,
HEARESRhY  Sdyy o & REHREE oD
P EARBAERAVN b 32 h, Thik

vi= 1.727x,— 5.552
Ye= 1.477x,— 4.636
AL yi (XEAFED Sdso DXEL x XA UL

BAHRE © B X ve, xe FIFRHFOTHhD

DETES.

DI EEEF A v OREIREEERT > T
SRS EXHTR LTS, BlbfgiEsidic
&2, BRI KRELIo2TS.

[AFRC X SR RS oA Th Bit Licts,
COBERIEEAR LA BoMCEESERR
BT

vs= 1.369x,— 4,093
EWSIEIC S,

Yo VaOEEE A T 5 o i X b 240kVp X
DA AN L LT ®Co v ofiEE RBE. %
HETHELEAFOT LD, Aoz i
FF VORI HOWTLIRBBZ ENTES.

iii) srElfRghe X 28 R0%E

PONTHEBENC X oT Sdy 23ED X H1Ch
bo TR L.

IBaHI. °Co 7T 1EEO BipEEx—EC L
Fih#al, 2, 3, elEHEIL, £~y A

Table 4. R.B.E. of ®°Co » by Sd*® (compared with 240 KVpX)

i ) Radiation dose (R)| 600 | 700 | 800 | 900 | 1,000] 1,100| 1,200
Ratio of Sdg 0.59 | 0.61 | 0.62 | 0.64 | 0.65 | 0.66 | 0.66
" ii) Sdy, (day) 3 4 5 8 ‘ 9 10
Ratio of Radiation | 75 | 0,74 | 0.73 o2 |0 |om |07 |0m
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Fig. 4. Lethal percentage curve calculated in
fractionated irradiation

Lethal perciatege -
100% 57 —
|

] — s 7 It

Days after start of first irrediation

MREMIETT 5 T BE Lichd, Hln 1042, R
X 6/W 208.4R X 3/W, 312.6R X 2 /WK
625.2R X /W& L, £#& 13T TOREE
PRELLONEARTHS.
ZHiRizys= 13.01x%— 14.10
Ya= 12.56%3— 12.12
y2= 16.97x,— 18.06
yi= 12.77%— 10.53
BL yXAETORBEBRONETH b x
BXORNETHSD. A TOHFE 1B, E
xR T,
y=>5 DFD x Offiz m L3hid
mg=1.4681=0.0033
my=1.3631=£0.0095
m,=1.3588+0.0076
m;=1.2161=0.0110

Lish.

Fig. 5, The Relation between the log of Sd,, and
the log of fractionating number in a week

Y
T /r/

.0g 03 T0x
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CO LS LTHem Lo EEE o E L ol
PRaeRLE LIEOMNBE5KTHD, Hez ofs
REROMBELES 2 0T, Fofix

y=0.3119x+1.2302
Ligot, HLYRETRO m TH b, x i34 HEE
HoxThs.

CORBLHEIEARDLZENTESL . T
XHeThuE Sdy FCoBEsBELRD LS
L, 8 1 mRRFhes-+5 9 ERHOBEOH 3
RoOBRS.

Table 5. Effect of Fraction

No. of irra- Radiation | Effect ratio
diation in Sd“.%day) Dose for $dg|(compared
a week (N) R) with N=1)
1 17.0 1517 1.00
2 21.1 1884 0.80
3 23.9 2133 0.71
4 29.7 2654 0.57

D= ¥ ADBICRHE & B o i D e
BBMEFFIC OO LURETH BN, E2HD
1oDEEL s L85,

X 2 DFjt% 2 F 54 v ORI Bic >\ T 5
=Lk,

Bl BESHE R 13 Co v #T 2,000R 1 [H],
1,000R 2 [8], 500R 3 [a], B0* 250R 6 [E% 138
TR L, 2oBOETOEBEER L. &
RUT32IE L L, ZDRNI16PLL X F4+ YIEAMLD16
PO d U, 5t 128Ma i L. 29 % Yo
HEARIR2DREC X >TE 2k 2 £BHOE
Bl 100mg/PY, 50mgx 2 /PE, 30mgx 3 /PL, 15mg
X 6 /% 1 8HCHEA L.
CDFERIKOE 4 BITHS+5 L 0w 6 Mic
ARLTHH, 1,000R X 2L Lok@idois:
RFA VORBELRE LR 0T,

ZDOERL X FA VEADTHEH O MR L o
HERTBE 1 o0E 2 7L LTHdziid s
BEFAVOHBRRLNE LRB X HD TR
WinklB5 . CoETERE 7R,

MZO%AE 1,000R X 2 P EoFETIL, 12LA
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Fig. 6. Effect of Tation on fractionated irr-
adiated rice

Lethal percentage
100% - =
sl
5 g
0% S §8 s
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ia ¥ r 2y
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Fig. 7. Sd and the no. of fractionation
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EFTRTo=v 2D 1 BiciEnicdic, HOH
fLTIEERAY Lo T EBIE S 2 2z h
TEich, HEUHENRTE oDy, BER
FEFOFFFH L., LizdioTo @ 2 SikH
B oY RD b ol &
LTk <. 2ok 5 i EumsEcsie
Ry Lo TTZERIEREH L, HEFTAENTE
Y -

BAREZEARE MRS H2TE H6

BIEBLUER

Sdsy DWEADRE % & F3 v © HbHEE 8%
BolELhO Tole. Sdy o BEle # 74
v ORAHREF SR DR &5 2 o0 BiWE
R fT ot fo b ic 2R R Clo s Ik T i 8
WEEbhis.

ok b iR ET oW T oS B -
CETBELTY, ZoBEERLSbVhEED
FEECR X &b T is il c x 5
I VOB B R AR B Z ENTE LW
5 fhamiE Lic.

T LDsoss0 12 L0 THE 4 O BRI R % H
LIZiSOIERC S 0nt, LToEBRERO—I
HHALTZD X 5 k@& 17icw, Hex0Ex
FHeterFebhs o v T 5.

RaRse b, BIEHE MM BHT 5. X
&9 4 v ORMKEEBT L ZABKCRBT 5.

(MAmCOEFLMALLE A A, #2508 FEIEH
HRFaefiaws v TRELR).
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