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Introduction

Many reports are available which concern with hematological changes after a single whole body

irradiation. Whereas, only a little attention has been given to the hematological changes which are

induced by partial body exposure of animal®101D,

Present paper deals with changes in number of

three cell lines, thrombocyte, erythrocyte and leukocyte, in peripheral blood investigated in parallel after

a systematic partial body irradiation of mice. Attention was paid to see if an irradiation of some special
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part of the body was in connection with an accentuated change in some special cell lines.

Materials and Methods

Female mice (ddN) of 10 to 11 weeks old were used throughout the experiment. The radiation
was delivered by a 200 kVp x-ray unit having a dose rate of 38.2 R/min. The radiation was filtered
through 0.5 mm Cu and 0.5 mm Al A group of 8 mice, each in a separate compartment of a lucite
cage, was irradiated at one time. Prior to and after irradiation, the mice were housed in a quarter air-
conditioned at 24-1°C.

For partial body irradiation, following three groups were assingned.

1. Head exposure (head and upper limbs)

2. Trunk exposure (chest and abdomen)

3. Lower body exposure (pelvis, lower limbs, and tail)

The relative weights of each exposure region against whole body were as follows. Head: 24.2--0. 7%
(mean+-SE), Trunk: 51.34+0.9%, Lower body: 24.5-+0.4%. The above exposure pattern is different
from that of previous work® in the head exposure, upper limbs being contained in the present
experiment. The shield was accomplished with lead 5 mm thick. The absorbed dose in the shielded
area was a few percent of that in the irradiated area. All the mice were anesthetized by intraperitoneal
injection of Nembutal (0.1 mg/g body weight) during the irradiation. Since LD;, (30) of whole body
exposure under the anesthetic condition was 815 R®, each mice was given 500 R as a sublethal dose.

Thrombocytes, erythrocytes and leukocytes in the circulating blood were counted by a hemocytometer
with blood taken from a tail vein by a method previously described?”, Hematocrit values were deter-
mined by centrifuging blood taken from the outer iliac artery and vein in a capillary tube. In order to
exclude a possible effect of the preceding treatment, the blood sampling was restricted to once a mouse,

Each group was consisted of 8 mice and 365 mice were used in this experiment.

Resulis
1. Changes in anesthetized controls
The blood cell count and hematocrit value in the anesthetized controls were measured on 0.1.3.6.10.

and 21 days after the anesthesia. Over this period there was no statistically significant differences in
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Days after irradiation (500R)

Fig. 1. Changes in leucocyte count in the circulating blood of mice exposed to
500 R. Whole body irradiation (x----x), head irradiation (A——a), trunk
irradiation (A-::--A), lower body irradiation (@-+-®), non-irradiated control
(O--———0). Each point represents the mean of § mice.
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Table 1. Leucocyte count in the circulating blood of mice after 500 R of whole or partial
body irradiation
; Partial Body Irradiation

Non-Irradiated Whole Body
Days after Control Irradiation Head Trunk Lower Body
Irradiation (x 10¢/mm?) (x 10*/mm?) (% 10*/mm?®) (% 10*/mm?®) (% 10*/mm?)
0 1.60 + 0.11=
1 2.14 4 0.30 0.57 4 0.07%*b  1.63 - 0.23 0.77 4 0.10%* 144 4 0.12
2 0.21 + 0.03*# 0.71 + 0.09%* 0.40 4 0.03** 0.81 & 0.01**
3 1.66 + 0.09 0.12 4 0.01** 1.00 & 0.10%* 048 - 0.06%* 0.81 + 0.06%*
4 0.09 + 0.01%* 0.89 & 0.10*%* 0.47 4 0.03*%* 1.10 4 0.15%*
5} 1.51 4+ 0.07 0.14 + 0.01** 1.15 4 0.12%* 0,54 4 0.07%* 1.23 + 0.10**
8 0.11 4 0.02%* 1.23 4 0.20 0.79 4 0.05%* 1.46 4 0.21
10 1.57 &+ 0.12 0.10 + 0.02%=* 1.08 & 0.12%*  0.62 + 0.06** 1.61 + 0.19
15 0.30 4 0.04** 1.46 + 0.17 0.67 + 0.08%** 1.58 + 0.18
18 0.65 4 0.12%* 1.32 4 0.14 0.84 + 0.10%* 173 -+ 0.26
21 1.43 4 0.26
22 0.80 4+ 0.07%=* 1.28 4 0.13 0.77 4+ 0.07** 1.06 -L 0.16%*
Mean of 1.65 + 0.08
Control
Pooled

a Values are mean -+ SE. Mice used are 8 for all groups.
b **P<0.01 compared with pooled control value.

the blood cell counts or hematocrit value.

Accordingly these values were pooled as a control value which

served as a reference for the experimental groups.

2. Changes in leukocyte count

Changes in leukocyte count after exposure to 500 R are shown in Fig. 1. Their standard errors
and statistical significances are tabulated in Table 1. Pairs of asterisks indicate significant deviations

from the contrel value with p=0.01. After the whole body exposure leukocyte count reached its minimum

value around the #4th day and began to recover on the 10th day. Whereas, by the partial body exposure

I T 1 P
20

Days after irradiation (S00R)
Fig. 2. Changes in thrombocyte count in the circulating blood of mice exposed
to 500 R.Whole body irradiation (x---- %), head irradiation (A-—A), trunk
irradiation (A A), lower body irradiation (@-+-®), non-irradiated con-
trol (QO--——0). Each point represents the mean of 8 mice.
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Table 2. Thrombocyte count in the circulating blood of mice after 500 R of whole or partial
body irradiation

347-(55)

Non-Irradiated ~ Whole Body

Partial Body Irradiation

Days after Control Irradiation Head Trunk Lower Body .
Irradiation (% 10/mm?®)  (x 10%/mm?) (% 10%/mm?)  (x 10%mm®) (x 10%/mrn?)
0 12.5 4 0.82
1 13.3 4+ 0.9 13.8 4 0.9 14.1 + 0.8 147 4 0.8 12.8 + 0.6
2 11.9 + 1.4 13.1 4+ 0.8 15.6 4- 0.8 13.1 + 0.9
3 14.2 4 0.7 11.6 4. 0.6 14.0 4 0.5 12.6 + 1.0 142 4+ 1.1
4 9.9 4 0.7%*> 152 4 1.0 14.8 4+ 0.7 13.2 4+ 1.0
6 152 4+ 0.7 5.3 4+ 0.4%* 10.3 + 0.8%% 107 & 0.7%% 109 &+ 0.7%*
8 3.2 4 0.3%% 11.7 4- 0.9 8.3 £+ 0.6%* 11.2 + 0.9
10 12.3 + 0.8 2.8 4 0.2%* 11.1 4- 0.9 8.8 £ 0.7%% 94 4 0.5%*
15 11.0 4- 0.9 12.2 4 0.8 12.0 + 0.4 12.0 + 1.0
18 14.9 4 0.8 14.3 4 0.9 13.2 4+ 0.8 187 + 1.2
21 12.7 + 0.7 ;
22 12.6 + 1.0 12,5 4 0.8 11.4 & 0.6 11.6 + 0.9
Mean of 13.4 4+ 0.3 ‘
Control
Pooled
a  Values are mean 4- SE. Mice used are 8 for all groups. .
b **P<20.01 compared with pooled control value.
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Fig. 3. Changes in erythrocyte count in the cir-

Days after irradiation (500 R)

Fig. 4. Changes in hematocrit value of mice ex-

culating blood of mice exposed to 500 R. posed. to 500 R. Whole body irradiation (x x),
Whole body irradiation (x---—x), head irradia- head irradiation (A———A), trunk irradiation
tion (A——A), trunk irradiation (A-----a), (Aeeeees A), lower body irradiation (@~---@),

lower body irradiation (@-+-®),non-irradiated
control (O--——-0). Each point represents the
mean of 8§ mice.”

non-irradiated control (Q--—-0){-Each point
represents the mean of 8 mice.

of head or lower body, the decrease in count was slighter and the start of recovery was earlier than in
whole body group. The degree of these changes was intermediate in the trunk group. i
3. Changes in thrombocyte count '
Changes in thrombocyte count after 500 R exposure are shown in Fig. 2 and Table 2. After the
whole body exposure thrombocyte count decreased to a minimum value on the 10th day and recovered
to normal level by the 18th day. The other three groups of partial body exposure showed: changes: of
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Table 3. Erythrocyte count in the circulating blood of mice after 500 R of whole: or partial
body irradiation

Non-Irradiated ~ Whole Body Partial Body Trradiation
Days after Control Irradiation Head Trunk Lower Body
Irradiation (x 10%/mm?) (% 10°/mm?) (x 10°/mm?®) (% 108/mm?) (x 10°/mm?)
0 8.96 4- 0.222
1 9.03 4 0.25 9.73 1+ 0.44 8.98 + 0.32 847 4 022  8.61 4 0.33
2 8.99 + 0.32 8.93 + 0.31 846 4+ 0.14  8.57 4 0.31
3 8.34 4- 0.3¢ 8.43 4 0.48 9.02 4+ 030 9.22 4 032 9.05 £ 0.36
4 8.08 + 0.35 9.09 4+ 0.44 B8.64 4+ 029 8.61 £ 048
6 8.30 4 0.19 8.37 + 0.32 9.03 + 0.39 836 4+ 032  8.78 £ 0.23
8 8.44 4 0.58 8.87 + 0.43 824 4+ 0.16  9.17 4 0.35
10 8.82 4 0.28 6.89 4 0.35%*b 9,18 + 0.39  8.25 4+ 033 947 £ 0.23
15 7.41 4 0.26%* 9.09 4+ 0.38  8.51 4+ 032 9.04 £ 043
18 7.94 4+ 0.24 9.31 4+ 0.17 8.66 4+ 0.26  8.68 + 0.31
21 8.82 4- 0.45
22 9.40 + 047 8.60 4+ 0.45 896 4+ 043  8.44 4 0.36
Mean of 8.71 4 0.12
Control
Pooled
a Values are mean -+ SE. Mice used are & for all groups.
b #*#P<0.01 compared with pooled control value.
Table 4. Hematocrit value of mice after 500 R of whole or partial body irradiation
Non-Irradiated  Whole Body Partial Body Irradiation
Days after Control Irradiation Head Trunk Lower Body
Irradiation (%) (%) (%) (%) (%)
0 47.7 + 0.5
1 46.3 4- 0.9 48.3 + 0.6 459 4+ 1.0 48.7 4+ 0.4%* 477 £ 0.7
2 48.0 + 1.1 47.0 4+ 0.6 46.5 4 0.6 45.6 + 0.8
3 46.3 + 0.5 4.4 4 0.7 46.7 4+ 1.0 46.1 + 0.6 454 + 1.4
4 41.0 £ 0.7%%p 47.1 +£ 0.8 46.6 + 0.7 47.6 £+ 0.6
6 45.1 + 1.9 422 + 1.3%* 479 + 1.9 46.2 + 0.5 46.8 + 0.5
8 40.5 + 0.9%* 49.0 4+ 0.6%* 46,5 + 0.4 47.5 + 0.6
10 46.3 + 1.0 37.5 & 1.1** 47.6 4+ 0.8 46.4 4+ 0.5 49.2 4 0.6%*
15 429 + 1.4 43.8 + 0.9 47,0 & 0.8 48.6 + 1.0
18 42.7 + 1.3 47.3 + 0.8 45.4 4 0.8 474 + 1.1
21 48.6 £ 1.0
22 46.4 + 0.5 449 + 1.8 47.1 £ 0.5 456 + 0.9
Mean of  46.7 + 0.4
Control
Pooled

a Values are mean + SE. Mice used are 8 for all groups.
b **P<0.01 compared with pooled control value.

similar pattern to that of the whole body exposure group with less decrease.

4, Changes in erythrocyte count and hematocrit value
Changes in erythrocyte count and hematocrit value are shown in Figs. 3 and 4 and in Tables 3 and 4.

Significant decreases in erythrocyte count were observed 10 and 15 days after whole body exposure.

Three types of partial body irradiation produced no effect on erythrocyte count.

‘Decrease in hematocrit
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value was statistically significant in whole body exposure group on days 4, 6, 8, and 10 after irradiation.

Discussion
Changes of the blood cell counts in peripheral blood after an exposure are induced mainly through -
damages on their precursor cells irradiated®®, Accordingly the time course of the blood. cell counts
are determined by amount of damages on the precursor cells, their transit times and the life spans of the
matured cells. In a partial body irradiation, it is critical to estimate how many cells of the precursors
are irradiated. Distributions of active erythropoietic bone marrow of mice measured by 5%Fe uptake
were reported by Chervenick et al. and Carsten®. According to the reports, the amounts of ery-

thropoietic bone marrow are tentatively estimated for each exposure pattern as shown in Table 5. The

Table 5. Irradiated portions of erythropoietic bone marrow

Irradiated Portions of Erythropoietic
Bone Marrow (%)

Irradiated Area

Estimation I» Estimation IIb
Whole Body 100.0 100.0
Head 20.7 24.8
Trunk 48.9 54.2
Lower Body 30.4 21.0

a,b Estimation I and II were calculated with the data of
Chervenick et al.? and that of Carsten®, respectively,

depressions of leukocyte counts and of thrombocyte counts roughly reflect the amount of erythropoietic
bone marrow irradiated. This may suggest that granulopoietic or thrombopoietic bone marrow may
distribute similarly in the body as the erythropoietic one does. In other words there may be no cell
line specificity among the three portions of the body.

The changes of thrombocyte counts in Fig. 2 resembles the changes produced by whole body ir-
radiation with graded doses®®. Namely a partial body irradiation with a given dose is approximately
equivalent to a whole body irradiation with a smaller dose as far as thrombocyte counts are concerned.,
This may also suggest an uniform distribution of thrombopoietic precursor cells in the bone marrow
throughout the body.

Erythrocytes number after whole body irradiation reached a minimum value (about 80% of control)
at the 10th day. If one assumes a complete stop of supply of erythrocyte from marrow to peripheral
blood after the exposure, erythrocyte count gradually decreases due to their own decay with life span of
45 daysV. In that case erythrocyte count will decrease to about 80% of normal level at the 10th day
which is in agreement with the experiment. However there is no evidence on complete stop of erythrocyte
production and moreover, the abrupt fall on the 10th day of irradiation would not be explained by this
assumption alone. It might be valuable to consider another possibility, such as a release of erythrocytes
out of blood vessels. In effect a coincidence of the times at which the thrombocyte count and the ery-
throcyte count reach their minimums may suggest an anemia due to thromhbocytopenial2?1®,

In summary these data given in the text suggest that the precursor cells of three cell lines have similar
distribution throughout the body.
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Summary

Mice were given head, trunk or lower body, or whole body exposures to 500 R of x-ray under
the anesthetic condition. Comparisons were made of the effects of these 4 groups of exposure on
leukocyte, thrombocyte and erythrocyte count in the circulating blood.

The change in leukocyte count followed essentially the same pattern in all types of exposure, although
the extent of the radiation induced reduction was more severe and the recovery less rapid in order of
whole, trunk, head=Ilower body group.

The severity of thrombocyte depression occurred on 6 to 10 days after exposures. It was more marked
in whole body group than in partial body groups.

No significant reduction was detectable in erythrocyte count and hematocrit value after all types of
partial body irradiation.

The results suggest that precursor cells of three cell lines distribute in general uniformly in the bone

marrow throughout the body.
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