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Abstract. Using eight radioprotective compounds, a comparison was made between the 
“standard” survival method and a method employing the counting of macroscopic spleen 
colonies in assessing the degree of radioprotection. The two methods yielded similar as- 
sessments of the degree of radioprotection afforded and required about the same amount of 
man-hours to conduct the procedure. The spleen colony method offers the advantage of 
completing the assessment after 10 days rather than 30 and yielding fresh tissues from all 
scored test animals. The use of a system in which macroscopic spleen colonies are counted 
offers an alternative to employing the method of animal survival in the quantitative assess- 
ment of compounds for radioprotective activity. 

Over 20,000 compounds have been 
screened for radioprotective properties 
since the U.S. Army Anti-radiation Drug 
Development Program was initiated in 
1959. The “standard” screen consists of 
exposing treated and untreated mice to the 
ionizing radiation, then recording the sur- 
vival times for 30 days. It has long been 
known that estimation of the radiation dose 
reduction for chemical protectors was pos- 
sible utilizing endogenous spleen counts 
(1). This suggested to us that high-volume 
screening of compounds may be possible 
using the endogenous spleen colony count- 
ing method. If feasible this method would 
reduce the test completion time from 30 to 
10 days. To make such an assessment the 
present study was undertaken. 

Methods. Design. A total of eight com- 
pounds with known radioprotective prop- 
erties as determined in previous mouse sur- 
vival studies were selected for this study 
(2). For each of the eight compounds sepa- 
rate estimates of the dose reduction factor 
(DRF) (2) were made by two different 
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methods. One utilized the conventional 
survival time of 30 days (2); the other 
employed determination of the reduction in 
the number of macroscopic spleen colonies 
observed in mice that had received whole 
body radiation 10 days p rev i~us ly .~  

In the latter method of determining the 
DRF, for each estimate animals were ran- 
domly assigned to 12 groups of 14 mice 
each. At each of six different radiation 
levels, two groups of animals were ex- 
posed. One of the two groups at each radia- 
tion level had received 15 min prior to ex- 
posure an intraperitoneal injection of the 
radioprotective compound; the other group 
consisted of control mice which had re- 
ceived 0.9% NaCl solution at the same time 
as their radioprotected counterparts. The 
radiation dose levels were selected based 

Chemical radioprotective agents act to reduce the 
effective radiation dose received. For example, ani- 
mals protected by a drug with a DRF of 2 and exposed 
to lo00 rad respond as unprotected animals exposed to 
500 rad. This is sometimes expressed as DRF = 
LDsO(30) for protected animals/LDs,(30) for unpro- 
tected animals, where LDs,(30) is that radiation dose 
which causes 50% deaths within 30 days. The DRF 
determined by the spleen colony method may be ex- 
pressed as DRF = LDS, for protected animaldLD,, for 
unprotected animals, where LDS, is the radiation dose 
necessary to reduce the confluent colony count (ap- 
proximately 20) to 10 macroscopic colonies per spleen. 
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upon preliminary studies and were 1000, 
850,650,550,350, and 250 rad. The animals 
were killed 10 days after irradiation by cer- 
vical dislocation and the spleens removed. 
These were fixed in Bouin’s fluid for 2-4 hr 
before counting the spleen nodules macro- 
scopically. 

In mice in which death was used to de- 
termine the dose reduction factor (DRF), 
daily mortality was recorded to Day 30 fol- 
lowing radiation exposure. The procedure 
was as described above except that groups 
of 15 animals each were employed at five or 
six radiation levels in increments of 50 or 
100 rad. The radiation doses ranged from 
650 to 1620 depending upon the expected 
protective properties of the test drug de- 
termined by preliminary testing. 

Radioprotective compounds. Structures 
for the radioprotective compounds are 
shown in Fig. 1 .  Compounds were admin- 
istered as aqueous solutions in a volume of 
0.01 mVg of body weight at approximately 
two-thirds of the 50% lethal toxic dose, i.e., 
that dose which kills 50% of unirradiated 
animals, as determined previously. Solu- 
tions were made within 1 hr of the time they 
were injected. 

Animals. Female mice of the ICR strain 
(Charles River Breeding Laboratories, 
Wilmington, Mass.), 9-12 weeks of age 
were used in this study.4 They were housed 
in air-conditioned quarters, seven to a 
group in stainless-steel wire (front and 
bottom) cages (24.8 cm long, 20.3 cm wide, 
17.8 cm high). A standard pelleted labora- 
tory chow (Purina Mouse Chow, Ralston 
Purina, St. Louis, Mo.) and tap water were 
available ad libitum. 

Irradiation procedure. Whole body radi- 
ation was delivered by a Gamma-cell 40 
cesium- 137 irradiation unit (Atomic Energy 
of Canada Limited, Ottawa, Canada) at a 
dose rate of approximately 140 rad/min. 

The authors in conducting the research described 
in this report, adhered to the Guide for the Care and 
Use of Laboratory Animals, as promulgated by the 
Committee of the Guide for Laboratory Animal 
Facilities and Care of the Institute of Laboratory Ani- 
mal Resources, National Academy of Sciences- Na- 
tional Research Council. 

Designation Structure 

1. WR 2721 
2. WR 3689 
3. WR2823 
4. WR 638 
5. WR 347 

6. WR 2529 

7. WR 151 331 

8. WR 108 503 

H2N(CH2)3NHCHZCH2SPO3Hz 1.28eH20 
CH3NH(CHZ)sNHCH2CH2SPO3Hz. H2O 

H2N(CH2)5NHCH2CH2SPOsH2 * 2H20 
NH,CH,CH,SPO,HNa 
NH2CH2CHzSH * HCI 

fl 
Nn#(CHp 12 NCH2CHpSH 

SOpOH 

0 CH3 

~~ 

FIG. 1 .  Chemical structures of compounds used in 
these studies. 

The radiation dose to be delivered to each 
group of animals was calibrated before, 
then individually confirmed during each 
“run” with the aid of a thermoluminescent 
dosimetry (TLD) system (Model E-IV, 
Madison Research, Middleton, Wisc.). A 
pair of these dosimeters were taped to the 
animal restrainer at each exposure. Mice 
were irradiated in groups of 14-21 by 
placing them in a cylindrical 30.5-cm (diam- 
eter) by 3.2-cm (height), Plexiglas restrainer 
having walls approximately 0.5 cm in thick- 
ness. 

Statistical analyses. The estimate of the 
LD,,(30) in the “standard survival study” 
was determined using standard log-probit 
analysis procedures (3). The estimate for 
the endogenous spleen colony counts was 
by a modified logarithmic transformation 
method reported by Smith et al. (1). The 
index employed for describing the mag- 
nitude of chemical radioprotection was the 
dose reduction factor (4). A statistical com- 
parison of the dose reduction factors ob- 
tained by the two methods was accom- 
plished by a paired t test. 

Results. Results are summarized in Table 
1. A comparison of the dose reduction fac- 
tors (DRFs) when determined by survival 
(column 4) and endogenous colonies (col- 
umn 5 )  showed that the values obtained by 
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TABLE I .  DOSE REDUCTION FACTORS (DRFs)“ A S  DETERMINED BY 30-DAY SURVIVAL A N D  
ENDOGENOUS SPLEEN COLONY REDUCTION FOR EIGHT RADIOPROTECTIVE COMPOUNDS~ 

(3) Dose reduction factor Rank order 
Dose 

(1) (2) administered (4) ( 5 )  (6) (7) (8) 
Compound WR No. (mdkg) Survival Colonies Survival Colonies Remarks 

1 272 1 
2 3689 
3 2823 
4 63 8 
5 2529 
6 347 
7 151 331 
8 108 503 

400 
500 
300 
375 
500 
150 
10 
75 

2.17 2.22 
1.81 1.77 
1.66 2.87 
1.60 1.75 
1.59 1.56 
1.46 2.11 
1.30 1.46 
1.05 1.24 

2 Gammaphos 
4 
1 
5 
6 
3 MEA 
7 
8 

C y s tap hos 

~~ 

‘I See Methods for definition of dose reduction factor (DRF). 
Source of compounds: from the inventory maintained at the Walter Reed Army Institute of Research, 

Washington, D.C. 20012. 

the two methods were not statistically dif- 
ferent. Rank ordering the eight compounds 
by different means of determining the DRFs 
yielded some differences. By survival the 
most effective compound was WR 2721 
(Table 1 ,  column 6); by colony formation 
the most effective was WR 2823. Both are 
phosphorothioates. WR 2721 (compound 1) 
ranked second as determined by endoge- 
nous spleen colony formation. By both 
methods, the four phosphorothioate com- 
pounds ranked as the top four (survival 
method) or five (colony method) in DRF. 
By colony determination the thiol, 2- 
mercaptoethylamine (MEA) (WR 347) 
ranked third. The disulfide (compound 7) 
and the thiazolidine (compound 8) ranked 
seventh and eighth, respectively, by both 
methods. 

Discussion. Although others have noted 
the association of endogenous spleen col- 
ony formation and survival of the whole 
animal (5 -  lo), the present work has shown 
a quantitative relationship between the as- 
sessment of the degree of radioprotection 
afforded by several compounds as deter- 
mined by these two methods. Eight known 
radioprotective drugs representing four 
different chemical types were used. 

It is recognized that the net effect in the 
assessment of the degree of protection af- 
forded by a radioprotective agent depends 
upon a number of factors including the 
type, total dose and rate of radiation expo- 
sure (4, l l ) ,  the types and concentrations 

of other radioprotectants and other radi- 
ation-modifying agents (1 1 - 13), and the 
endpoint chosen for the assessment (4, 
14- 16). Even when studying survival 
curves of cell cultures it is clear that in re- 
ality these curves are the sum of a number 
of survival curves pertaining to various 
subpopulations ( 1  1) .  And, although theories 
are offered (4) regarding the means by 
which these different chemical types afford 
radiation protection, the exact mechanism 
is not known. However, the present data 
support the contention that under the con- 
dition of this experimental design these 
radioprotective substances afford the same 
protection to the event or series of events 
leading to endogenous spleen colony for- 
mation as to the event or series of events 
that lead to survival of the whole animal. In 
addition, the method employing spleen col- 
ony formation offers a more direct assess- 
ment of stem cell survival, although the re- 
lationship of stem cells and colony forming 
units is a subject of extensive investigation 

The man-hours of time spent in conduct- 
ing the assessment by the two methods is 
approximately the same. In the two meth- 
odologies, the procedures are identical until 
Day 10 following radiation exposure. To 
“process” 100 mice employing the endoge- 
nous method requires approximately 3 hr 
(to kill, remove spleens, and place the 
spleens in Bouin’s fluid = 2 hr; to count 
the macroscopic colonies = 1 hr); to pro- 

(17-21). 
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cess 100 mice by the survival method re- 
quires observation and recording of deaths 
for 20 additional days at approximately 
10 min per day (20 days x 10 midday = 
3% hr). The analysis of the data after col- 
lection using either method requires about 
the same amount of time. In addition to 
being able to determine the results more 
rapidly (10 days rather than 30), the en- 
dogenous spleen colony method of assess- 
ing DRFs offers an advantage if fresh tissues 
from all the scored mice are required. Em- 
ploying the endogenous colony method, 
animals are killed at the end of the 10-day 
test period, thus, yielding the fresh tissues; 
by using the survival method significant 
postmortem autolysis may have occurred 
before the dead animals are found for 
scoring. 

To characterize and appropriately assess 
any agent as a chemical radioprotectant re- 
quires extensive evaluation. However, in 
the quest for new agents or  classes of 
agents, it is necessary to have a mechanism 
to rapidly screen and identify compounds 
with potential radioprotective activity so 
that these may then be subjected to evalua- 
tion in other test systems. It is believed that 
screening by the method reported here of- 
fers a reasonable alternative to  that  
employing survival of the whole animal. 
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