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Abstract

Cysteamine(Mercaptoethylamine, MEA), S,2-Aminoethylisothiouronium Bromide. HBr (AET),
and S-(2-Aminoethyl) Dihydrogen Phosphorothioate (WR-638) were prepared and radioprotective

effects of these chemicals and their combinations against ®°Co y-ray radiation were studied-in

irradiated ICR mice. Intraperitonially administered chemicals or their combinations resulted

drug deaths in cases of MEA, AET, and their combinations, whereas there were a slight or
no drug death in cases of WR-638 and the combination of AET with WR-638. All tested
chemicals and their combinations yielded radioprotective effects against ¢°Co y-ray radiation.

An additive radioprotection effect was observed in case of the combination of AET with WR-

638.

I. INTRODUCTION

Chemicals summarized in the table. 1 and others
had been known in listeratures? as the potent
chemical radioprotectants against ionizing radiation,
but these chemicals had suffered from their toxic
effectshin vivo, which had prohibited them from
being applied clinically as the prophylactic agent for
a radiation injury. In case of the WR-series of
phosphorothicate structures, the toxic effect was
expected to be very mild enough to be applied clin-
ically and extensive investigations for proving the
feasibility of these chemicals for a practical applic-

ation had been accumulated during the period of
past ten years®. Lately, the clinical applieation at
a hospital in the United States has been reported
with a good result®. The phosphorothioate group
in the molecule of this series of compounds seemed
to be dephosphoryated in vivo by the action of an
enzyme and this route of the biological reaction
has been considered to result the less toxicity.®

In some recent literatures®® an additive radiopr-
otective effect was observed for the mixture of
aforementioned chemicals with no additive toxic
effects, which seemed to be a promising approach
to effect an increased radicprotective effect with

less amount of chemicals of toxicity.
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In this paper, both drug toxicities and radioprot-
ective effects of known chemical radioprotectants
were closely studied in the irradiated ICR mice
administering chemicals of the author’s preparation.
Particular emphasis was laid on the evaluation ef
the drug toxicity and the radioprotective effect of
the prepared compound in vivo. Further attempts
were also envisaged to observe the additive radiop-
rotective effect of the binary mixtgre of the prep-
ared compounds with a phosphorothicate which has
been known as the less toxic radioprotectant as
described above.

Table 1. Chemical Radioprotectants against lonizing

Radiation.
Classification  Relevant Chemical Structure
Cysteines HS—CHZ——CII-I COOH
NH.

Cysteamines HS—CH,—CH,—NH; and their

derivatives.
AET H,N—CH,—CH,—S— C,:. NH,

NH

‘WR-Series HN(CH,),NH(CH,),SPO;H,

(n=3, m=2, WR-2721)

(n=2, m=0, WR-638)
Disulfides § —CH,CH,—NH,

S—CH.CH;—NH, (Capsytamine)
Others HZN(CHZ),.——(:,H—CstPoaH2

NHz

II. EXPERIMENTAL

1. Chemicals

The following chemical compounds were prepared
at this laboratory according to the synthetic schemes
shown in the Fig.l: Mercaptoethylamine hydrochl-
oride (MEA), S. 2-Aminocethylisothiouronium Bro-
mide HBr (AET), and Sodiumhydrogen S-(2-
Amincethyl) Phosphorothicate. (WR-638) Detailed
data on_the preparative process and constants were
reportéd é_lsewhere in the author’s publication.”

Fig. 1. Schems of Preparing Chemical Radioprote-
ctants.

1. Cysteamine (MEA)
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3. Sodiumhydrogen S-(2-aminoethy!)phosphorothioate
(WR-638)
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2. Methods

A. Lethal Radiation Dose.

ICR male mice, 4 and 8 weeks old and Wéighing
25 to 35g., were used -throughout. The conditions
‘of irradiation were: *°Co r-Ray (AEC, Theratrom-
780, Source Strehgth; 4000 Ci.), exposure rate of
'100 R/min., and the distance from the source of 80
cm. Mice in a group of 10, in partitioned Lucite
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cages, were exposed to y-rays in the range of 700
to 1200 R. The y.ray dose measured in air with
Capintec Digital Dosimeter-192 during each expos-
ure. The groups of the mice were housed per cage
and given free access to food and water after irra-
diation. The basic design of the experiment is
shown in the table.2, with a listing of the total
number of mice in each group and the number that

survived within 30 days of treatment. Survival

Table 2. Lethal Dose of the Irradiated Mice* under
Co r-Ray Radiation.

Radiation Numbers of Survival®

Dose® (R)  Animal  Percent.(%) Remarks
Irradiated
700 10 100
800 10 60
900 10 30
1,100 . 10
1,200 - 10

a. ICR strain. 4-8 weeks old weighing 25-35 g.

b. Dose Rate; 100R/Min.

c. Survival percentage was examined at the end
of 30 days after being irradiated.

‘percentage of the treated mice was calculated as
shown in the table. 2.

B. Radiopfqtective Effect.

ICR hoth male and female mice, 4 and 8 weeks

old and weighing 25 to 35g., were used throughout.
The following prepared chemicals were given alone
or as a binary mixture: MEA, AET, and WR-638.
Solutions of these chemicals or their binary mixtu-
res in physiological saline solution were prepared
adjusting such drug concentration as each 0.2ml.
portion of the solution would contain the amount of
the drug dose listed in tables 3. and 4.

The solutions were neutralized to pH 7.0-7.5
before use and they were administered in the mice
intraperitonially 15 minutes prior to the irradiation.
The conditions of irradiation and postirradiation
treatment of the mice were the same as described
in A. Total radiation dose in these experiments
were 950 rad. The basic design of the experiment
is shown in tables 3 and 4, with a listing of the
total number of mice in each group, the number
that survived within 3 days of treatment(checking
drug deaths) and the number that survived in 10,
15,20,25, and 30 days of treatment (checking
radiation deaths), respectively. Results were summ-
arized in tables 3 and 4.

C. Additive Radioprotective Effect.

ICR male mice, 4 and 8 weeks old and weighing
25 to 35 g. were used throughout. The basic expe-
rimental conditions with regards to radiation cond-
itions, drug treatment, and post irradiation works

were the same as described in B. except that

Table 3. Radioprotective Effect of Prepared Chemicals and Their Combinations in the Irradiated Male

Mice®,
. b I, N .
Gemby,  Gige  VhEn Y RmeSmmsele
of weight) Irradiated® 310 15 20 25 30
Control 0.2 ml. of Saline Sol. 10 10 10 0 ¢ 0 0
MEA 50 T 9 9 9 9
AET 8o 10 8 8 8 8 8
WR-638 8 10 10 10 5 0 0 0
MEA and 5+8
AET = 10 4 4 4 4 4 4
MEA ‘and 5+8
' WR-638 10 7 7 7 7 71 7
AET and WR-638  8+8 10 10 10 10 10 10 10

a. ICR mice. 4-8 weeks old weighing 25-35g.

b. Administered intraperitoneally i5 minutes prior to the irradiation.
¢. Radiation Dose; 950 rad. #» of *°Co r-Ray. Dose Rate; 10) rad./min. Total body was irradiated.
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Table 4. Radioprotective Effect of Prepared Chemicals and Their Combinations in the Irradiated Female
Mice?
. Drug Dose? Numbers of Numbers of Survived Mice
832111131;5121300;5 (mg./25g. Animal Days after being irradiated Remarks
of weight) Irradiatede 3710 15 20 25 30

Control 0.2ml. of Saline Sol. 10 0 9 3 0 ¢ 0

MEA 59 10 6 6 5 5 5 5

AET 8% 10 5 5 5 5 5 5

WR-638 8 10 1010 2 1 0 0

MEA and

AET 5+8 10 3 3 3 3 3 3
- MEA and WR-638 5+8 10 4 4 4 4 4 4

AET and WR-638 8+8 10 10 10 10 10 10 10

a. ICR mice. 4-8 weeksold weighing 25-35g.

b. Administered intraperitoneally 15 minutes prior to the irradiation.
¢. Radiation Dose; 950 rad.®® of ®Co r-Ray. Dose Rate; 100 rad./min. Total body was irradiated.

Table 5. Radioprotective Effect of AET, WR-638, and Their Combinations.

- . Drug Doseb Number of Numbers of Survived Mice
%%ggtggd ) glggg;g:}:?og; (mg./25g. Anjmal® Days aiter being irradiated = Remarks
: of weight)  Irradiated 3 5 10 15 20 25 30

1000 Control 0.2ml. of Saline -Sol. 10 10 10 9 5 5 5 &
AET 8 10 9 9 9 6 5 5 4
WR-638 124 10 9 9 9 9 9 9 ¢
AET and WR-638 8+12 10 9 9 9 9 9 9 9

1500 AET 8 10 10 10 10 10 9 9
WR-638 12 10 9 9 9 9 8 5
AET and WR-638 812 10 10 10 10 10 10 9

2000 AET 8 10 10 5 0 0 0 0
WR-638 12 10 10 0 0 0 0
AET and WR-638 8412 10 0 9 3

PO T

radiation doses were varied in the range of 2000
rad. The results were summarized in the table. 5.

111. RESULTS AND DISCUSSION

As shown in the table. 2, the Ilethal radiation
dose (LDcsoy/ca0ys 850R (r-ray)) of the ICR mice ado-
pted in the present study was little higher than
that of the reported value for a BALB/C* mice

. ®Co r-Ray Radiation. Dose Rate; 100 rad./min. Total body was irradiated
.. Administered intraperitoneally 15 minutes prior to the irradiation.

ICR male mice. 4-8 weeks old weighing 25-35g.

. Effective drug dose is reported as 13mg.7/25g. of weight,!®

. These values are showing some deviations from those of data in table 3.

(LD¢s0y/ca03; 600R(X-Ray)).® Probably, this difference
in the lethal radiation doses was due to both the
strain of mice and the kind of ionizing radiation.
Antiradiation screening tests in mice against lethal
radiations (825 R(X-Ray) or 950-1050 R(r-Ray) and
950 rad. (**Co) or 849 rad.(**"Cs)®) were reported which
resulted no 30 days survival among control mice,
but no informations were given o the strain of the
mice. It was, therefore, considered to be a reason-
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able approach to adopt 950 rad. (*°Co) as the lethal
radiation in the screening tests shown in tables 3
and 4, which may correspond closely to LDuooy/ca0)
of the ICR mice as indicated in the table. 2. Both
ICR male and female mice had resulted no 30 days
survival among control mice as indicated in tables
3 and 4.

Antiradiation screening tests in mice reported in
literatures have usually been performed by means
of male mice only, but female mice may bz consi-
dered to be feasible to observe the drug susceptib-
ility of the testing animal. Administering the repo-
rted effective drug dose® of chemicals and their
both ICR male
and female mice had resulted the significant drug
deaths in cases of MEA, AET, and their combina-
tions and the combination of MEA with WR-638.
The number of drug deaths was more pronounced

binary mixtures intraperitoneally,

in female mice than those of male mice.Especially,
the combination of MEA with AET resulted the
drug deaths in 60% of the control for the male
mice, whereas they reached to 70% of the control
for the female mice. Since AET in the neutral
aqueous solution was reported to rearrange to
MEG®, which has a sulfurhydryl group at the end
of the molecule, the observed high drug deaths for
a binary mitxture of MEA and AET would be
due to the increased concentration of the sulfurhy-
dryl groups in the mixture, which resulted an
additive toxic effect. An additive toxicity was also
observed in case of the combination of MEA with
WR-638 and it was more pronounced for female
mice. The exact cause of this observation is not
certain at present. Presumably, the phosporothicate
group of WR-638 was dephosphorylated to generate
the sulfurhydryl group at the beginning of the
mixing by MEA molecules, which may result an
additive toxicity as the case of the ccmbination of
MEA with AET. On the contrary, the combination
of AET with WR-638 resulted no drug deaths for
both male and female mice. This may be due to
‘the ineffective dephesphorylation of WR-638 by the
rearranged MEG molecules of AET. Existing liter-
atures %% had reported no additive toxic effect of

the mixtures of three or more chemical radioprote-

ctants, but there are no definite reports describing
the toxicity of the binary mixture of aforementioned
chemicals. Present observations covering both male
and female mice may be reasonable enough to
indicate the tendency of the additive toxic effect of
the binary mixtures of chemical radioprotectants of
aforementioned structures.

For radiation deaths, existing literatures have
been reporting only the survival ratio of the treated
mice observed at the end of 30 days treatment.
The authors had envisaged to follow the number
of radiation deaths in the treated mice every 5 days
interval to clarify the general tendency of radiation
injury occurred in mice definitely. This attempt of
the close checking prccedure for radiation deaths
seemed to be very promising to grasp the general
feature of radiation injury occurred in the treated
mice, Thus, around 65% of the reported effective
drug dose of WR-638 (Lit. Value 500mg./kg.'®)
when it was administered in mice, had resulted
100% radiation deaths at the end of 15 days trea-
tment of male mice as shown in the table 3, which
showed definitely the tendency of the radioprotective
effect of this dose of WR-638. Generally, all tested
chemicals and their binary mixtures could show
100% survival ratio at the end of 27 days after the
initial 3 days of checking drug deaths.

Based on the data obtained in tables 3 and 4,
further close study on the additive radioprotective
effect for the combination of AET with WR-638,
which resulted no drug deaths for both male and
female mice, was performed as summarized in the
table. 5. Unfortunately, the ICR mice adopted in
this study were obtained from the different source,
which may result some deviations in the strain itself.
As shown in the table.5, the cata obtained under
the radiation dcse of 1000 rad. showed a little
deviation from those of the table.3, but the general
tendency for radiaticn deaths was quite reascnable
to be evaluated. Even though the combination of
AET with WR-638 could not show a definite large
additive radiation prctection effect under dcses of
1000 and 1500 rad., it could show the
additive radioprotective effect under the dcse of
2000 rad. Thus, it resulted 0 % survival at the end

significant
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of 10 days treatment in case of administering AET
alone, but it was around 33% in case of administ-
ering the combination of AET with WR-638.
Further definite data on the additive radioprotective
effect for this combination of chemicals would,
therefore, be expectable under doses of ranging
from 1500 to 200¢ rad. For the determination of
DRF'® values of prepared chemicals and their
combinations, further extensive studies may be
required for checking LD¢soy/ 0y value of the treated
mice. However, data in the table.5 would indicate
the general tendency of DRF of AET, WR-638,
and the combination of AET with WR-638 as follo-
ws: AET;~2.5 (Lit. 2.0~V), WR-638;~2.0 (Lit.
2.07*"), and the combination; ~2.5, respectively.

Acknowledgement

The authors are expressing their sincere apprec-
tations for Drs. T. K. Yun and M. S. Yun and
Messrs. 1. Y. Chung and J. K. Chung at the cancer
hpspital of this institute for their technical advises
and laboratory works of animal testing rendered
through this study.

%

WA wleldslx] A 74 A 13& 1982

REFERENCES

. M. Shikita and M. Okazaki,
Soc. Jap. 22, 303 (1980).

J. Atom. Energ.

2. J.R. Pipper et al, J. Med. Chem. 12, 237
(1969).

3. Am. Chem. Soc., Chem. Eng. News. P.28 (July
20, 1981).

4. J.W. Harris and T.L. Phillips, Radiat. Res. 46,
362 (1971).

5. P.C. Kalistralov et al., Chem. Abstr. 85, 171721
y (1976). '

6. J.R. Maisin, G. Mattelin, and M. Lambiet-
Collier, Radiat. Res. 71, 119(1977).

7. You Sun Kim et al., The annual research report
in 1981 (In Press. KAERI, Seoul)

8. J.R. Pipper et al., J. Med. Chem. 22, 631(1979).

9. D.G. Doherty et al., J. Am. Chem. Soc. 79,
5667 (1957).

10. J.M. Yuas, J.O. Procter, and L.H. Smith,
Radiat. Res. 54, 222 (1978).

%

Cysteamine(Mercaptoethylamine, MEA), S-2-Amincethyl isothionronium Bromide HBr(AET)

% S-(2-Aminoethyl) Dihydrogen phosphorothicate(WR-638)E8& &Rl ol & &%

Ex= 289

BEHY “Co r-1f iR H BEHEDHRE ICRYAE R BREshs el BT 1550

iRiepyel ZEEIE sty o2 HRE

Faer MEA, AET ¥ & B850 oA+ BEFERC

Bizm= gl ok WR-638 % AETSe] Bahdll AL ERERC BESAY =€ A9 . HBd
#54 LEY 2 2 BEWEL *°Co -8 KAl Wt BEHRE Yehles AETs} WR-638
4 BEDI dAAE WD KR BESRT BEsl gk



