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Studies on the Radioprotective Effects of YM-08310 (==WR-2721)
Part 1: Radioprotective Effects of YM-08310 on Normal and Malignant
Tissues in Mice

Yoshimasa Tanaka, Kiyoshi Akagi, Takeo Hasegawa, Midori Nakazawa,
Keizo Harima, Takashi Murata and Satoshi Sawada
Department of Radiology, Kansai Medical University, Osaka, Japan -

Research Code No.: 408
Key Words :  Chemical protection, YM-08310, WR-2721, Differential protection

The radioprotective effects of YM-08310 (S-2- [3-aminopropylamino] ethyl phosphorothioic acid
monohydrate) (=WR-2721) and the distribution of C-YM-08310 in normal and tumor tissues were
studied. The compound was produced and provided by the Yamanouchi Pharmaceutical Co. Ltd. with
the commerical name, Amifostine.

1) The distribution of C-YM-08310 into the normal and tumor tissue (MM-2 mouse mammary
tumor) following single and multiple intravenous administration in C3H mice and SD rats was studied.
The drug was found in the majority of the tissues such as the salivary gland, kidney, lung, and small
intestine at higher levels than in the blood and plasma within 30 min. after injection. It was transferred
into tumor tissue and the testes at very low levels, and was not found in the central nervous system.

2) The radioprotective effects by YM-08310 were determined for a wide range of normal and tumor
tissues. The compound was dissolved in distilled water and injected intraperitoneally prior
irradiation.

a) Whole body lethality secondary to bone marrow damage was measured by exposing C57BL mice.
The maximum protective effect was obtained when YM-08310 was injected 60 min. before irradiation.
The degree of protection was dose dependent, namely there appeared to be an increasing dose modifying
factor (DMF) as a function of increasing dose of ¥YM-08310 in the range of 20-300mg/kg.

b) Esophageal damage by irradiation was measured by the esophageal LDs50 technique using C57
BL mice. The DMF values obtained for esophageal death for air-breathing animals was 1.5, and 1.7 for
oxygen-breathing animals at 1 atmosphere.

¢) Pulmonary damage was measured by the pulmonary LDsyus technique. The DMF values
obtained for pulmonary death exposed while brathing air was 1.2.

d) Cell suspensions of the Sarcoma-180 were transplanted into 1-hind limb of ICR mice sub-
cutaneousely. Delay in regrowth as a function of radiation alone and radiation combined with treatment
of YM-08310 prior to exposure was studied. There was no statistical difference in delay in regrowth
between the two groups.
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3) These experimental results suggested that YM-08310 offered higher levels of protection to normal
tissues than tumors. These data may indicate a possibility that YM-08310 has a so-called differential
protection in vivo, and may be useful for the purpose of improving therapeutic gain factor in cancer

radiotherapy.
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Fig. 1 The concentration of radioactivity in the
tissues after a single intravenous administration
of “C-YM in rat.
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2) HEiEfs oBRo#BA 5 m (Fig. 3)

Fig. 2 Autoradiograms showing the distribution of radioactivity after a single
intravenous administration of *C-YM in male mouse bearing the MM-2 mouse
mammary tumor (Dose: 100mg/kg, 740.Ci/kg) A : Adrenal, Bl: Blood, Bo:
Bone, Br: Brain, E: Eye ball, He : Heart, K : Kidney, Lu: Lung, Li: Liver, M :
Muscle, Sg: Salivary glands, Sp: Spleen, Te: Terticle, Tu: Tumor, Ub:

Urinary bladder.
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Fig. 3 The concentration of radioactivity in the
tissues after repeated intravenous administration
of “C-YM.
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Fig. 4 The changes of whole body lethality as a
function of the time between injection of YM and

exposure.
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Table 1. The changes of survival (%) 30 days after whole body irradiation and DMF as a function of in-
jected dose of YM
Radiation Radiation Injected dose of YM (mg/kg)
dose (rads) alone 300 100 50 20 10 5
600 45.0 100 95 90 60 60 50
680 235 95 85.7 24
750 14.2 92 21.4 14.2 20
900 0 85.5 20 10 11.8 11.8
1000 0 75 10 5 0 10 0
1100 65 5 0 5
1200 35 0 5
D.M.F. 1.95 1.45 1.3 1.08
9.3 99,8
9.0 msw? 98.0
95.0 'f'ﬂﬂﬁw.-"lﬁﬁ £ 100ma/ka) 95,0 % alond / YH(100mg/kg) /
490.0

T cent Mortol ity(%)
23 8
oo o

AW
N

inj. 15 min. pefore irrod.
tel:
inj. 30 min. before irrod.

20,0
10,0

---////7_/%_ ’
/y/

5 6 7 8 9 1] 1l 12 13 1Tl
Irroaloted Dosesix 100 rods)

Fig. 6 The changes of whole body lethality as a
function of injected dose of YM.
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Y., TORDEHBRICH LTS, B
R ETRL, MEERLEBENBREBETHHDIZE
EEEIREHcEbh 3,

Cs;BL =7 A&\, & v 7 & — L THREEME,
B, BEREERL T, Wfosi B L, B
4180, 15, 30412100mg/kg, 300mg/kg % IEkEA
BE L, BHENEOETR (%) Rbdi:,

90,0 | (ALr) \// X )’ 7
0.0 o/ : ///

= 50-:u --------------- /}-/
gm:u - /////(I’N‘mihgﬂg){-x

1 2 3 Yy 5
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Fig. 7 The mortality rate by the esophageal dam-
age under air breathing in the Cs;BL mice using
the esophageal LD 545 technique.
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1.7, 7e o7z, BIL, BERT O, BishE» 34
W ENE bR,

3) FHZE3 % B sh R

i3t L, Phillips @210 X 5 LDsopusedBlC & 9
RE L, ~v R, REFEOSE & RROFE
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Fig. 8 The comparison of the mortality rate in the
Cs;BL. mice between air and oxyvgen breathing
during irradiation in esophageal lethality.
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Fig. 9 The mortality rate by the pulmonary dam-
age under air breathing in the Cs;BL mice using
the pulmonary LDsp 6 technique.
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Fig. 10. Delay in regrowth as a function of radia-
tion dose in Cs;BL mice given no treatment and
300mg/kg of YM 30min. before exposure.
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HEOBEHREIB LRI LBRTWS, K40

56, 300mg/kg 5 T1554, 1.3, 305#1.7,
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e st

ThiE, LS L B =Y ADERT, 530
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2.NE T35, Bt~y 2125 BT %
T A & hypoxia D44 T ik DMF i3.1.4 £ &
T35, Bie, WR-272LZE M w8 o A& HEE %
L, FOftoEo hypoxia Z3E L, BAHHREH
Mx ERAT 5, B, Iz Y - T WR-2721085
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L 728 & (Dose for 50%Ulceration) T DMF
24, TR EXRITRECHEELILSE S
(EDsos0) 2.070>) DMF % H LTk b, Sl
EDsoj2s T2.1 W3 2.0l ED g E% H L
TWwab,

(5) BEF T AEDR, L REREA
% & o differential protection {22\,

=V ARG HIEFAS - EEER T3
WR-2721D B 5 Rz o\ T BRI I D 72 b
DH Table 2 TH 520, —RICEFHEBIZX LT
i, AizRon<, DMF 2. 081D E\ME & 7 » T
WABD, BHEFOBERL.0~1.50EEYRL,
Fi3E differential protection 3R &7z, DMF @
B\ ME#RR L7 P-338 leukemia i3, well oxy-
genated O [EAEMIE TH - 7219,

Utley (31, EMT 6 % in vivo TRRAt L, IHH
BEEE L, DMETHEIL7BA, aerated cell ®
BE1.5~2.0, Anoxic cell D#E1.2~1.5& 2
Rbhiz &t w5, Blb—iIC hypoxic Tik
BhsEsh SR AMET L, aerated DFBEITILE - DMF
PELRTWEDHbNE,

YM # differential protection #RT 4 =X
AL LTI, ROMIELLRTV A,

& 1 wEF D vascularity DR, Tk, 3
FoBEBBENEADETAHT RS, 3S-WR-
2721Th, WADEBRLAL <, BH5FI0H5IMmE
D RAMWIZ O BAKOERYH DD, £

Table 2 Comparative protection of tumors and normal tissues in mice by WR—2721

Tumor DMF Normal tissue DMF References
Mammary carcinoma 1.15 Skin 24 1
Bone marrow 2.7 1
Lung adenoma 1.0 Lung 1.7 12, 13
Skin 2.1 12,13
EMT 6 1.0--1.3 Skin 2.1 15
P-338 leukemia 2.2 Bone marrow 2.2—-3.0 15
Esophagus 1.4 15
Lung L2 15
EMT 6 Aerated cell 1.5--2.0 11
Anoxic cell 1.2--1.5 11
KHT Sarcoma 1.2 Skin 2.0 10
Lung adenoma 1.0 Skin 1.7 21
Skin 1.7 21

Mammary carcinoma 1.0
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DMF #7RL, Hic Z oFFHIL, BB RIH0 T
WIEBIC S S EBERL, FoBicHL, BBy
ERHR 2R LI, FCERREA~LE S DEFLR
LRBITE D, BEHIC X 505 xerostomia
T OBFFEC RIS ERRBE LT\ 5, BHE
et T A EGRO R BT, FTBEICE
WTh, fifi, BB E B LR R R e
X b, HMEBRBE~DIGE®, hypoxic sensitizer
LDV ENEZ bR, ZOBE, EHOB
oENE, EHERTOBEDRL, Bickb
[E5% 1= reoxygenation 234 U =Bz, EBE T
LB EROBALI Y, BADOREXEL T3
vz ks,

#®w '

Cy;BLEUICR =2 A SD 5 o 2 Hus
T, YM OEFEROCBHEEE T % kst iRb %
BREWNL, ZOFEH DK~ OFEE~DFAHR
RExHE-C,

® “C-YM of#ASME, 1ERS T304
BormER, B, i, DBoEZE< 25
h, 2B, BN, MER BECRBAIELR
Tehs iz,

B G OBA W, EEARER 1ERED
4~8fELienh, WELPIET2 LEPHCHE
L, MR 1EMTH -,

@ YM o#fEm»bREHE ¢RI & H#R
ROBIGRIE, 300mg/kg Hrt 0 B4 FRET605 7T #
Ea b B R KT, DMF 2.05TCH -7,

@ YMELEELHEDR L OB FKI,
20~300mg/kg ORI T L EI1 TR, L
RO EF L7, BI%, dose dependent ¢, 300mg/
kg B304 RIS CTRE D DMF 1.950 (5318
bhiz,

BABEFHARFEME 4838 Ho 5

@ WEH X B RBIRICXT BB R
(LDsgj30) ZBRT A DA, 300mg/kg @ Kriz i
DMF 1.50{E»A B bh, 1 S5ERZER I OEEIC
B1.7E7e ), BBRT OHHGEG-BFEZ LB S R
i,

® MExXHBECLBE, EKEATF 300
mg/kg OF;, DMF 1.2 %787z,

® BHEEKTES (S-180) XA\, Bihck
% regrowth ¥ ic L -84, BHOZLE YM
EOBHOBICEN R BT h - T,

@ HEXb, YMREEESGTLT, B
BESREEL, BEEBICHLTRRA CHE
L7\, BIb differential protection % &3 53
HtehreZErLbhs,

(Wr#shich, IRUEE - K EHE, &
[REPe R, SERRIC B TR Fo 1l P BSR4 1 BRSSP,
EEAERCE BT EETS)
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