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RESPONSE EXPRESSIONS FOR ACUTE HEMATOLOGIC RADIATION INJURY 
A study was undertaken to investi- 

gate the nature of the dose-response 
relationship between acute hema- 
tologic abnormalities and radiation 
dose in rats exposed to fission neu- 
trons and gamma rays. The purpose 
was to evaluate the response or 
group of responses which might be 
most useful as  a biological dosimeter 
and to determine the relative biologi- 
cal effectiveness (RBE) of neutrons 
for these responses. 

Irradiations 
Adult male rats were exposed to 

either Co-60 gamma radiation or to 
fission neutrons. All neutron and 
gamma exposures were delivered a t  
approximately the same tissue kerma 
rate. Nine groups of rats were ex- 
posed to gamma radiation ranging 
from a kerma of 25 hecto ergs/gram 
to 2,600 hecto ergdgram. Ten groups 
of rats were irradiated with neu- 
trons, the kerma ranging from 22 
hecto e rgdgram to 2,350 hecto ergs/ 
gram. The kerma values from the 
neutron study include a 10% gamma 
radiation contribution. Animals in 
both radiation groups were rotated 

around their longitudinal axis dur- 
ing exposure to provide a more uni- 
form distribution of dose. 

Hematologic measurements were 
performed twice weekly during the 
first seven weeks post-exposure and 
biweekly thereafter. keasurement in- 
cluded : platelets, hematocrit, hemo- 
globin, erythrocytes, total leukocytes. 
analysis and erythrocyte sedimen- 
tation rate. 

Hematologic results 
The hematologic manifestations of 

radiation injury are changes in the 
number of cells in the peripheral 
blood. These changes are time de- 
pendent variables which do not have 
an obvious endpoint such as  lethality. 
However, the changes follow a 
characteristic pattern (Figure 1) 
which is dose-related. The charac- 
teristic responses to radiation con- 
sist of (1) an initial rise, (2) a de- 
pression of counts, (3) an abortive 
rise, and 4) an overshoot of counts 
above normal levels during the re- 
covery phase. Various aspects of this 
pattern have been reported to be dose 
related. Responses examined thus 

”-- 

far  have included : 
(1) magnitude of initial rise 
(2) magnitude of depression 
(3) time of maximum depression 
(4) time of recovery 
(5) magnitude of recovery over- 

In general the magnitude and dur- 
ation of hematologic changes in- 
creased with increasing radiation 
doses. Therefore, we attempted to 
develop an expression which would 
include both magnitude and duration 
of deviations from the normal hema- 
tologic values. Such an expression 
might be represented by the areas 
illustrated in Figure 1. 

The area under each character- 
istic response was determined for 
these data by numerical integration 
of the responses of each individual 
animal. Since the response was ex- 
pressed as  a percent, the areas for 
the different variables were on a com- 
mon basis; Le., the units were days- 
percent. The areas expressed in 
these units were termed “cumulaCve 
response scores.” The time-response 
relationships of the cumulative re- 
sponse scores for the lymphocytes 
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’ Fig. 1. Characteristic responses to radi- Fig. 2. Cumulative response scores of Fig. 3. Comparison of mean survival 
ation. lymphocytes for neutron irradi- times of neutron and gamma 

ated rats. irradiated rats. 
Exposure values are in units of 
hecto ergs/gram. 



are shown in Figure 2. Note the 
grouping of doses. These scores are 
based on the area of depression plus 
the recovery overshoot. The time-re- 
spohge patterns for the other hema- 
tologic variables differed in the rate 
of accumulation of response score 
and in magnitude and dose grouping. 

The data shown in these time-re- 
sponse curves were plotted as dose- 
response curves for selected post- 
irradiation times. The twenty-day 
cumulative response scores were se- 
lected for detailed analyses, since 
the maximum depression of counts 
had occurred for all variables and 
recovery processes had started by 
day twenty. It was found that  these 
cumulative response scores were 
closely dose related and therefore 
might serve as  response expressions 
for comparisons relative to RBE. 

Comparative effects of gamma rays 
and fission neutrons 

The mortality data are shown in 
Figure 3 for rats exposed to neutrons 
and gamma rays. The relative bio- 
logical effectiveness (RBE) is 4.2 
based on either LD6, or mean sur- 
vival time. 

Significant changes in platelet 
values were not observed in gamma 
groups exposed to a kerma of less 
than 1,000 hecto ergdgram. On the 
other hand, the changes in platelet 
counts in neutron irradiated animals 
increased progressively from a kerma 
of 43 hecto ergs/gram up to 168 
hecto ergs/gram and then increased 
sharply a t  the next exposure level 
of 221 hecto ergdgram. The absolute 
values reached by gamma exposed 
survivors were much lower than 
those of neutron exposed survivors. 

The integrated response used for 
platelet evaluation was the area of 
depression. These data are shown in 
Figure 4 with the neutron curve 
plotted using an arbitrarily assumed 
RBE of 4. I t  may be observed that  
the shapes of the two curves are not 
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Fig. 1. 
I 

Comparison of cumulative re- 
sponse scores for platelets of 
neutron and gamma irradiated 
rata. 

exactly comparable and hence the 
RBE of 4 is considered only as ap- 
proximate over the kerma range 
represented here. Since platelet alter- 
ations were minimal up to lethal ex- 
posure levels, the significance of the 
greater response of neutron exposed 
animals a t  lower exposure levels is 
uncertain. Furthermore, the re iponse 
of animals at the higher exposure 
levels are surely more significant in 
terms of describing lethal radiation 
injury. 

Slight alteration in the erythro- 
cyte, hematocrit, and hemoglobin 
patterns was observed starting a t  
about 600 hecto ergs/gram gamma 
and 125 hecto ergdgram neutron. 
The severity of the depression of 
the erythroid indices was not as 
great in the neutron survivors a b  
in the gamma survivors. This may 
be interpreted as  due to the predomi- 
nance of intestinal injury in the 
neutron exposed animals signifying 
that a t  this level of lethality hema- 
topoietic injury was less severe than 
the intestinal injury. Another possi- 
ble explanation might be that re- 
covery processes are impaired to a 
greater extent following neutron 
exposure and thus death might occur 
after less severe cell depressions. 

The initial rise plus the area of 
depression was used as  the cumu- 
lative response score for the ery- 
throid indices. These data are shown 
in Figure 6. The neutron data are 
plotted with an arbitrarily assumed 
RBE of 3.3 which provides a very 
good “fit” to the gamma response 
curve. 

The lymphocyte cumulative re- 
sponse scores were based on the area 
of depression plus the recovery 
overshoot. The RBE assumed for pur- 
poses of matching the kerma re- 
sponse curves was 3, as  shown in 
Figure 6. These curves do not match 
too satisfactorily, which is an indi- 
cation that the lymphocyte response 
to neutrons is qualitatively as well 
as quantitatively different from the 
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Fig. 5. 

response to gamma rays. 
The RBE’s expressed above a ie  

open to further evaluation, since 
these are based on the ratio of ex- 
posures; Le., kerma valuers and not 
dose. The midline tissue doses are 
estimated at 78 and 88 percent of the 
tissue kerma values for neutron8 and 
gamma rays respectively. Expression 
in terms of midline tissue dose is 
not applicable since the most im- 
portant aspect of dose interpretation 
for hematologic RBE statements is 
the dose to the bone marrow. The 
kerma for bone is approximately 45 
percent of the kerma for tissue for 
this neutron spectrum while the 
kerma for bone for (30-60 gamma 
rays is approximately 94 percent of 
the kerma for tissue. This does not, 
however, necessarily mean that the 
dose to hematopoietic tissue is al- 
tered by these factors, but represents 
a maximum. The relationship be- 
tween bone dose and marrow dose 
depends on the distance of the 
sensitive cells from the bone-tissue 
interface. 

Two tenative conclusions may be 
drawn from these data. First, these 
time-intergrated expressions of the 
responses characteristic of acute 
hematopoietic radiation injury are 
related to the exposure level and ap- 
pear to be qualitatively similar for 
both neutron and gamma exposure. 

Second, the magnitude of th 
RBE’s calculated for these hema- 
tologic variables are similar to the 
observed RBE for lethality of these 
radiations. This suggests that  these 
time-integrated responses may be ap- 
propriate expressions of acute hema- 
topoietic injury. A research grant 
has recently been received to test 
the validity of the cumulative re- 
sponse score as  a measure of acute 
radiation injury for partial body and 
non-homogeneous exposures. 

These studies are being conducted 
by Dr. Donald G. Willhoit, Assistant 
Professor of Radiological Hygiene. 

bmparison of cumulative re- Fig. 6. 
sponse scores for erythroid in- 
dices of neutron and gamma 
irradiated rata. 

Comparison of cumulative re- 
sponse scares for lymphocytes 
of neutron and gamma irradi- 
akd rata. 
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