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Radioprotection of Irradiated Mice-Mechanisms
and Synergistic Action of WR-2721 and R.L.B.*

M. Beljanski

Zusammenfassung

Dicals Strahlenschutz wirksame Verbindung
WR-2721 (S-2 (3-aminc-propylaminoj-athyl:
phosphorothioic-siure) verursacht in vitro
cine Kontrakuion der DNS-Ketten, aber nur
wenn diese von nomalen Zellen abstam.

. men. Die Kontrakuon der DNS-Kenen hat

¢ine Abnahme der UV-Absorbtion bei 260
nm zur Folge (Hypochromizitit). Es besteht
eine Bezichung zwischen der durch WR.
2721 erziclten Hypochromizitat und der ver-
minderten Synthese derselben DNS, die als
Matrize unter Anwesenheit dieser Strahlen
schutz-Verbindung benutzt werden. Im
Gegensatz dazu har die Verbindung keine
Wirkung auf die Sekundirstrukrur der DNS
unterschiedlicher Krebszellen oder aul die in
vitro Synthese dieser DNS. [n Verbindung
mit R.L. B, (spezifischer RNS .Prmer”), das
selekdv die Replikation der DNS normaler
haematopoietscher Zellen anregt, schizt
WR-2721 in relativ niedrigen Dosen Miuse
vor tdlichen Dosen von Gamma-Strahlen.
Man erzielt bedeutende Oberlebensquoten,
Der Mechanismus dieses durch WR-272)
und R.L.B bewirkien Schutzes wird noch
erliuten,

Schliisselworter

Strahlenschurz, DNS-Kertenkontrakuion,
WR-2721, RNS-.Primer®,

Summary

Radioprotector WR-2721 (52 (3-amino-
propylamino)-¢thyl-phosphorothioic acid)
induces in viro the contraction of DNA
chains, but only when these onginate from
normal cells, Chain contracuon resulis in 3

* This work was done at the Laboratoire de
Pharmacodynamie Faculté de Pharmacie,
92290 Chitenay Malabry, FRANCE.

decrease of UV absorbance at 260 nm (hypo-
chromicity). A comelation exists berween
DNA hypochromicity induced by WR-2721
and decrease in the synthesis of the same
DNAs used as templates in the presence of
this radioprotector. In contrast, the com.
pound has no effect cither on secondary
strucrure of DNAs from vanous cancer cells
or on in vitro synthesis of these DNA+. In
asociation with R.L.B. (speficic RNA pnm.
ers) which selecuvely pnme replication of
DNAs from normal haematopoictic cells,
WR-2721, used at relatively low doses, pro-
tects mice against lethal doses of gamma
radianon. Efficient survival rates are adbtar
ned. The mechanm of this proteciion by
WR-2721 and R.L.B. is discussed. -
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Introduction

For 40 years many ¢fforts have been
devoted 10 a search for chemical
compounds capable of protecung
living organisms against radiagon
(16,9, 13, 32). Among the various
compounds assayed, aminothiols
and their derivaaves, mainly phos-
phorothioates, were shown 1o ac
efAciently as radioprotectors {1, 19,
I5]. More recently the possibility to
use the compounds in radiotherapy
or in association with chemother.

peutic drugs for the treatment of

cancer has led to the searchfor com-
pounds which would protect cells of
normal tissues, without protecang
those of cancer tissues. However,
few of the chemical or biological
substances tested exhibit such selec-
uve properues. So far, the best

known and most efficient of these

chemicals is WR-2721, which pro-
tects the cells of normal tissues bur
has pracucally no protecting effecr .
on cancer cells (21, 32). Unforruna- |
tely, this compounds induces racher
severe side effects when adminis-
tered at radioprotective doses (31,
18, 30, 11]. Commercially available
yeast RNA (22) and DNA extracted
from vanious organs of rats increased
the survival rate of iradiated mice
(24).

[nour extensive studies we demons-
trated that R.L.B. (specific RN A frag- |
ments) (6, 20, 3, 4] selectively bind |

in vitro to DNA from bone marmrow |

and spleen cells and accelerate jis
synthesis in vigo. R.L.B. have no
effect on DNA from cancer cells,
When injected into animals, R.L.B,
induce genesis of leukocytes and pla-
telets even in animals treated with
chemotherapeutc drugs. These pro-
perues designate R.L.B, as potendal
candidates for chemical radiopro-
tecuon,

The object of this work was to inves-
tigate, first, the mode of acton of |
WR-2721 at the level of DNA isolat. |
ed from normal and cancer cells,
then second, the possibility of syner- |
gistic ¢ffects of WR-2721 and R.L.B.
on radioprotecton of imadiated
mice, with the aim ol obtaining the
highest number of surviving mice
while using increasing lethal doses
of gamma radiaton. X

Material and Methods '
Produces o
WR-2721 was synthesized by Profes- i
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sor Miginiac (University of Poitiers).
R.L.B.s were prepared as previously
described (3). DNA-dependent
DNA polymerase | was purified
from Escherichia coli extracts (3],
Deoxyribonucleoside =5'~triphos-
phates (dATP, dCTP, dGTP and
dTTP): Miles Laboratoires U.S.A.
(*H)-thymidine-5"triphosphate (sp.
act, 12.5 Ci/mmol): Amersham,
England.

Isolation and characterisation of
DNAs :
DNAs from human and animal and
cancer issues were isolated and puri
fied as previously described (25, 5.
The RNA content of the DNA sam-
ples, determined with the orcinol
reacuon, was less than 10%, Protein
content was less than 1%, The
hyperchromic effect of incubation
with O.1 N KOH was 4045% at
260 nm for DNA samples. DNA
double strandness was checked
by ulwacenuilugadion in alkaline
sucrose gradient (5).

Conditions for DNA in vitro syn-
thesis

The incubation mixture conuined
(0.15 ml): Tris-HCI buffer (pH 8.0),
25 pmol; MgCl,, 2 pmol; the four
| deoxyribonucleoside -5'~triphos-
phates, each S nmol (+'H-
TTP:50.000 CPM). DNA, 0,5 pg;
DNA-dependent DNA polymerase
l, 60 pg. WR-2721 (sce legends to
figures). Incubaton 10 min. at
36°C. The reaction was stopped by
addinon of tnichloroacenc acid
(TCA, 5% final concentration) and
cooling in an ice bath. Acid precipit-
able matenial was filtered on a GF/C
glass filter, washed with TCA (5 %),
alcohol 95°, dried and the radioac-
tvity was measured with a Beckman
specaometer. Results are expressed
as counts per min. (C.P.M.).

UV absorbance (hyperchromicity
and hypochromicity) of DNAs

UV absorbance at 260 nm of various
- normal and cancer cell DNAs (20 pg
in 1 ml of Trs-HCI buffer 10°M pH

7.3 freshly prepared) was measured
at 24°C before and after addition of
WR-2721 dissolved in sterle dis-
tilled water. The blank cuvette con-
tained an equivalent amount WR.
2721 but no DNA. Contact berween
DNA and WR-2721 was | min. with
gentle shaking. Absorbance at 260
nm was measured again. Results are
expressed as UV absorbance de-
crease or increase (% of conuol),

Effect of WR-2721 on 'H-thymid-
inc concentradon in various
mouse tssucs

Nine CD 1 o’mice (22 g) from
Charles River, France, were used.
WR-2721, dissolved in buffered
physiological NaCl solution, was
administered i.p. 15 min before *H-
thymidine was injected by i.p. route.
Three mice received only, ’H-
thymidine (1. 1 Ci/mouse); three
received first WR-2721 (6 mg/
mouse), then *H-thymidine(. | Ci/
mouse) and the last three received
first WR-2721 (12 mg/mouse), then
H-thymidine (1. | Ci/mouse). Mice
were sacrificed three hrs afterwards
and different tissues were selected:
bone marrow, spleen, liver. lung,
kidney. Each tissue was incubated
with TCA solution (5 % finai con-
centration) for 30 min. with gende
shaking at 24°C. After cenmifuga-
uon at 10,000 RPM, the supematant
was saved and the pellet reexwacted
once more with TCA. The two
supernatants were mixed and radio-
acivity was measured. The results
are expressed as percent ot radio-
acuviry (relauve values) found in the
ussues. A 100% value corresponds
to mice which have received only
YH-thymidine.

Effect of WR-2721 and R.L.B. on
irradiated mice

CD1 ¢ mice were kept in an animal
room (21 % 1°C) for 10-15 days
before start of experiments. On the
day prior to irradiaton, mice weigh-
ing 26-28 g were selected and sepa-
rated into groups of 10. Group :

control; group 2: receives WR-2721;
group 3: reccives R.L.B.; group 4:
receives WR-272] + R.L.B.

These experiments were performed
every 2 months overa peniod of over
two years (number of mice: 540 for
9.0 Gy; 60 for 100 Gy; 100 for 11.0 1
Gy and 150 for 12.0 Gy). WR-2721
and R.L.B. were dissolved in buf-
fered physiologic solution (pH 7.7)
and sterilized by filtration on sterile
millipore disks (0.45 um) prior to i.
p. administraton, WR-2721 (100
mg/kg) was injected 20-25 min and
R.L.B. (160 mg/kg) 90 min respecti-
vely before imadiation. Gamma
radiation was delivered by a cobalt
source at doses 0f9.0, 10.0, 11.0 and
12.0 Gy with a flux 0f 0.70 min. Sus-
vival of irradiated mice was deter-
mined daily for 30 consecutive days
or even more in some cases.

Results

Acton of WR-2721 on normal and
cancer cells DNAs

Itis known that DNAs from normal .
and cancer tissues do not possess the
same secondary and tertary struc-
ture and react differendy in the pres-
ence of various chemical com.
pounds (17, 3). This may be evaluat-
ed by spectroscopic measurementin
ultraviolet light. Fig. 1 and 2 illus-
tate the results obtained under |
stncdy  standardized  conditions }
with WR-2721 in the course of in |
vitro expeniments using DNAs from
normal and cancer cells of different
mammalian organs. The absorbance
at 260 nm of double stranded DNA
from bone marmow, spleen, brain
and liver decreasesin the presence of
WR-2721 (hypochromicity) as a
dose-related concenwadon of the
compound. In contrast, the UV
absorbance of DNAs from cancer
tissues slighdy increases in the pres-
ence of WR-2721 (hyperchromic-
ity),

These results demonstrate that WR-
2721 1s able to disanguish normal
cell DNA from cancer cell DNA,
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Fig. 1: UV absorbance of DNAs from normal
tissues in the absence and presence of WRe
2721,

Freshly prepared WR-2721 solution was
used. For experimental conditions, sce text.
Human DNAs: =.=.=, bone mamow;
) y liver;
=.= DNA from monkey brain. UV absor-
bance at 260 nm was determined before and
afteraddition of WR-2721. Data from 3 inde-
pendent cxperiments were pooled to derive
esch curve shown,
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Fig. 2: UV absorbance of DNAs from cancer
tissues

Experimental conditions are the same as
those in the legend to fig. 1. human liver:
——==: human neurocarcinoma: =.—;
mouse DNAs: =, =, = mammary carcino-
ma; === =, melanoma; = YC8 lym-
phoma,

which probably explains that WR-
2721 does not protect cancer cells in
vivo against radiaton (32].

Itis well established that DNA chain
contractdon induced by different
substances (2, 3] results ina decrease
of UV absorbance, while DNA
chain separation (hydrogen bonds
are broken) results in an increase of
UV absorbance. To these changes
correspond,  respectively  the
decrease and increase of the rate of
DNA synthesis in vivo (3, 17].

Fig. 3 shows that WR-2721 inhibits
in viro DNA synthesis when DNAs
from cells of normal tssues are used
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Fig. 3: The inhibitory effect of WK-2721 on
in vivo synthesis of DNAs from normal tis-
sues,
Incubation conditions (see text). Data from 4
expeniments were pooled to derive each
curve. Errors are standard emor of the means
indicated by bars. DNAs from human uterus
= human spleen ~.—; monkey brain
. Data obtained with DNAs from
cancer tissues (not presented here) thowed
no inhibitory etfect of WR-2721,

[

as a template. WR-2721 adminis-
tered i.p. to mice before injecting
YH-thymidine, lowers the concen-
tradon of *H-thymidine (a precursor
for DNA synthesis) in normal ceils
(fg. 4) which might involve a
decrease of DNA synthesis in vivo,
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Fig. 4: Concentration of "H-thymidine (acid
soluble) in ussues from mice in the absence
and presence of WR-2721.

Expenimental conditions (see text). The rela-
tive values are expressed in companson (o
those observed in the absence (100%) of
WR-2721, Each point on the curve repres
sents pooled data from 3 mice.

Panel A: = spleen; . bone marmow
Panel B: ==== liver, ——= kidney;
=iee lung

Effect of WR-2721 and R.L.B. on
spleen of irradiated mice

At 9.0 Gy, gamma imadiation of
mice causes death of practcally all
unprotected mice in 10-15 days.
24 h after irradiation spleens taken
from these mice weigh 70-80 % less
than those of non irradiated ani-
mals.

When mice are treated with either
WR-2721 or RL.B, or both before
irradiaton, spleen weight decreases
by about 40-50% of normal weight;
this could allow spleen to remain
functional in many irradiated mice,
since mouse survival is 70-80%
when WR-2721 and R.L.B. are
administered together,

Protection of mice irradiated with
lethal doses of gamma radiadon

As described in Materals and
Methods, mice were protected or
not against lethal doses of gamma
radiauon (9.0; 10.0; 11.0 and 12.0
Gy). Protected mice received either
WR-2721, R.L.B. or both, adminis-
tered at a given ume before irradia-
uon. At 9.0 Gy, monality of unpro-
tected mice reaches 95-100%. No
survivors were obtained with higher
doses of irradiation. Fig. 5 illustrates
survival of unprotected and protect-
ed (WR-2721 + R.L.B.) mice imra-
diated at 9.0 Gy, Unprotected mice
do not survive more than 10-12 days
after irradiaton while 73 percent of
weated mice survive. Under the
same experimental conditons WR-
2721 or R.L.B., each used alone has
some protective effect in mice survi-
val (tab. 1). In spite of the relatively
low dose of WR-2721 (100 mg/kg),
this compound exhibits, when asso-
ciated with R.L.B. a very significant
radioprotectve effect. In fact, if this
low concentraton of WR-2721 is
used in associaton with R.L.B. for
protecting mice irradiated at 10.0,
11.0 and 12.0 Gy, a significant
number of survivors are observed at
10.0 Gy (fg. 6) while at 11.0 and
12.0 Gy only about 45 & 16 percent
of the animals survive for 30 days. At
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Fig. 5: Percent survival of unprotected and protected mice

irmadiated at 9.0 Gy.

Experimental conditions (see text). Protected mice
received WR-2721 (100 mg/kg) and R.L.B. (160 mg/kg) by
i.p. route 13- +20and 90 min respectively before iadiation.
Each group represents 180 mice (mean values), Dats are
expressed as percent survival at indicated intervals,
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Fig. 6: Percent of protected mice irmadiated
with lethal doses of y-imadiation,

Expenmental conditions (sce text). WR+2721
(100 mg/kg) and R.L.B. (160 mg/kg) were
given i.p. 15:20 and 90 min respectively
before imadiation. In each experiment 10
mice were used for each dose. Total number
of mice: 180 for 9.0 Gy; for 10 Gy; 100 for
11.0 Gy and 150 for 12.0 Gy. Ervors are stan.
dard emor of the means represenced by ban.

these two latter doses of radiaton
there are practically no survivors
when either WR-2721 or R.L.B. is
used alone.
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Discussion

In order to avoid the well.
known cytotoxic effect of
WR-2721, we chose to use
a low dose (100 mg/kg) for
radioprotection of mice
[32). Under these condi-
tions, efficient radiopro-
tection of a large number
of mice is achieved only if
WR-2721 is used together
with R.L.B. (RNA pnmers
for DNA replication.)
This protection extends
into supra-lethal doses of
gamma radiauon, The
synergistic effect of both
substances is required. The mecha-
nisms by which WR-272] and
R.L.B. protect mice are demonstrat-
ed by in vitro and in vivo expen-
ments.

In vigo, WR-2721 inhibits the syn-
thesis of DNA isolated from normal
ussues. This is in accordance with
the in vivo decrease of DNA UV
absorbance (hypochromicity). Under
the same expenimental conditions,
WR-2721 induces a slight UV ab.
sorbance increase (hyperchromic-
ity) in DNAs from cancer tssues.
These observatons correlate with
the observed decrease of DNA in
viro synthesis in the presence of
WR-2721 when DNAs from normal
tussues are used as templates, They
also correlate with descripuons
found in the literature of a selective
radioprotectve effect of WR-2721
on normal cells (31}, The differen-
ual behavior of normal and cancer
DNAs in the presence of WR-2721
can be accounted for by differences
in their secondary structures, that of

Tab. 1: Percent survival of unprotected and protected mice irmadiated at 9.0 Gy, Expenmental
conditions (see text). WR-2721 (100 mg/kg) and R.L.B. (160 mg/kg) were gwcm P 15:20and
90 min respectively beforerimadiauon S. D.: standart deviation

cancer DNASs being always destabi-

lized, with hydrogen bonds broken
in several areas (3). ¢

WR-2721 induced hypochromicity
of DNA means that its secondary
structure is tighter than it normally
is. This is further evidenced by the
observation, in vitro, that WR-2721

s[ncnieases DNA melting temperature
28 .

It is conceivable that during radia-
don in the presence of WR-2721 an

endonuclease that causes single-
strand break in irradiated DNA (27]

would then have its activity reduced !

and, on the contrary, repair of DNA
dammage would be favoured.

WR-2721 differs profoundly from
carcinogens, which tend to relax
DNA secondary structure, espe-
cially when itis already destabilized,
i, ¢, in cancercells (3,4). [t should be
mentioned that WR-2721, by bind-
ing to normal DNA suands, may
prevent hxaton of these carcino-
gens, which is hindered by DNA
contraction. This could explain the
results reported by many authors
showing that WR-2721 protects nor-
mal dssues against the toxicity of
alkyladng agents and the early
effects of irradiagon (12, 8, 14, 26,
23, 29).

R.L.B. also plays an important pant
in radioprotecuon. These RNA
primers also bind to DNA from nor-
mal ussues only, and very specifi-
cally to DNAs from bone marrow
and spleen, the in vivo synthesis of
which they have been shown to

accelerate. In vivo their actvity is .

evidenced by a high acceleradon of
leukocyte and plateler genesis (20, 3).

When injected into mice prior to
irradiadon, WR-2721 and RL.B.
allow survival of a large number of
animals at lethal radiaoon doses (9.0
and 10.0 Gy). Even at 12.0 Gy, we

all ind a significant number of sur-

Number of experiments | Number of mice |% of survivors at 30 daysl 5.D. :rivorsn(ﬁ;.séf‘éfuifusc daloneatthe

Conuol 18 180 6.5 % 77 same radiation dose, WR-2721 does

WR-2721 18 180 4 L3 not allow the survival of irmadiated
R.LB. 18 180 45 t 12 mice
T o e '
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