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Changes in Cell Population of Thymus, Lymph Nodes and Blood after X-irradiation
By

Chikako Sato
Department of Radiation Research, Tohoku University School of Medicine

Total body x-irradiation was carried out on female dd mice at 30 days of age. Six to 10 mice were
killed at 1, 2, 3, 5, 7, 10, and 12 days after irradiation to examine quantitatively the depletion and rege-
neration of cells in the lymphoid organs. The thymus, the cervical, the axillary, the brachial and the
mesenteric lymph nodes were minced well with scissors and rubbed against metal mesh with a tip-rounded
glass rod to make a cell suspension in physiological saline. The number of cells in the suspension was
counted with a hemocytometer The results were as follows:

1. Depletion rates of total cells during 24 hours after irradiation were almost constant irrespective
of the doses of 260, 410 and 690 R. The cell depletion continued longer in the animals received larger
«doses.

2. Cell reproduction rates after various doses were also constant but were consistently greater in
the thymus than in the lymph nodes. Restoration of the number of cells to normal level was extremely
delayed in the lymph nodes than in the thymus. This difference in recovery was attributed to the
difference in proportion and generation time of primitive cells. The proportion of medium or large
lymphocytes (lymphoblasts) to the total cells was largest (20 to 25%) at 3 days after exposure of 97 or
260 R, and 5 days after 410 or 690 R in the thymus. In the lymph nodes, its maximum proportion was
only 5 to 8%, at 5 to 7 days after exposure. Cell growth curve at the beginning of recovery gave the
generation time of 12 hours for lymphoblasts in the thymus, and 24 hours in the lymph nodes. Longer
suppression of lymphoblasts reproduction was noted with larger dose.

3. The relation between the number of surviving cells and dose at 2 days of exposure was exponential,
D,, for small lymphocytes were found 120 R (thymus) and 170 R (lymph nodes) : Dy, for mediurn or large
lymphocytes were 105 R (thymus) and 180 R (lymph nodes). The number of reticulum cells remained
almost constant irrespective of exposure up to 690 R.

4. Small lymphocytes in whole blood of control mice were calculated to be 7 x 108 cells, and it
decreased to 2-8 x 105 cells in one day after exposure. It recovered slowly and did not reach more than

2 % 108 cells even after 12 days of irradiation, when the thymus was fully regenerated and producing
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about 2 x 107 small lymphocytes every day. These results support the view that the thymus does not

contribute as source for small lymphocytes which migrate to blood or lymph nodes and repopurate them,
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Table 1. Change in thymus weight (mg) after the different dose of total body x-irradiation.
Mean value = standard deviation for 6 to 10 mice.

ﬂosure in R
ey 0 97 260 410 690
e
0 59.4+ 7.4
1 58.1+ 8.1 49.2+ 7.1 33.24 3.8 30.6+ 3.7 28.04 3.4 |
2 60.0+ 7.2 40.2+ 4.7 23.7+ 3.1 16.94 2.9 17.14 4.8
3 60.1+ 5.9 3.5+ 9.2 21.44 3.9 13,9+ 2.0 9.9+ 1.2
5 62.2+ 8.4 63.0410.3 42.7+ 6.1 20.6410.9 7.3+ 3.4
7 67.84+ 6.2 69.6+ 5.7 55.2+ 7.9 32.24+ 5.9 4.7+ 0.8
10 64.7+ 9.1 68.8+ 4.5 64.472 6.3 61.3+11.2 4.1+ 0.7
12 61.6+ 8.9 | 62.74+ 9.2 69.5+ 2.2 54.9+ 4.8
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Table 2. Change in the weight of lymph nodes (sum of cervical, axillary, brachial and
mesenteric nodes) after whole body x-irradiation. Mean value =+ standard de-
viation for 6 to 10 mice.
Days after 0R 97R 260R 410R 690R
0 81.74 5.2
1 65.2+ 8.0 43.3+ 6.1 47.14 8.2 35.2+
2 79.8+ 9.1 1.8+ 6.9 43.7+ 4.1 40.0% 3.9 28.74 4.0
3 75.1+ 7.6 65.1+ 8.1 47.0+ 8.2 37.84+ 7.9 25.0+ 5.9 |
5 78.2+ 9.1 79.0+ 8.9 56.3+ 2.2 39.3+12.1 31.5+ 6.9
7 103.2+13.4 0.0+ 6.7 52.7+ 6.2 45.0415.2 26.7+ 2.1
10 95.84 9.7 76.9410.2 61.24 8.1 50.8+10.4 21.84+ 3.4
12 100.1+ 6.8 | 94.24+ 9.9 | 68.74+ 9.2 | 46.0+ 4.5
Table 3. Chahbe in spleen weight (mg) after the whole body x-irradiation. Mean value

+ standard deviation for 6 to 10 mice.

Duys Wiat 0R 97R 260R 410R 690R
0 130431
1 69+11 55+ 9 41+ 6 31+ 5
2 131425 97416 524+ 6 39+ 5 35+ 6
3 142431 129+-22 51429 42+19 19+ 4
5 150439 131418 99422 54436 26 6
7 132422 127415 112429 83431 20+ 3
10 121437 99+4-24 113412 117417 18+ §
12 140424 129417 100419 122420 ol
HESI0E CIEFHOTERCEIE Lz, U VoG Fig. 1. Change in the number of total cells in
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thymus after irradiation. Each value is mean
and standard deviation for § to 10 thymuses.
The number in the parenthesis indicates ra-
diation dose in R.
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Fig. 2. Change in the number of total cells in
cervical, axillary, brachial, and mesentery
lymph nodes after irradiation. Each value
denotes mean and standard deviation for 6 to
10 mice. The number in the parenthesis refers
to radiation dose in R. The recovery to
normal level is much delayed in lymph
nodes than in thymus.
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Fig. 3. Change in the proportion of medium to
large lymphocytes (= proliferating cells)
after irradiation. Those cells reproduce ea-
rlier and more rapidly in thymus than in
lymph nodes.
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Fig. 4. Time course depletion and reproduction
of total cells, small lymphocytes (L. cyt)
medium to large lymphocytes (L. bl) and
reticulum cells (R). At the beginning of
recovery lymphoblasts popuration showed a
four-folds increase in 24 hours to about 107
cells and small lymphocytes was produced
about 4x107 cells every two days therafter.
Reticulum cell number remained almost co-
nstant during the period.
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Table 4. Changes in the proportion of small, medium or large lymphocytes and reticulum cells
in the thymus after the irradiation. Percentages were calculated in 2500 to 6100 cells.
The number in the parenthesis is 959§ confidence interval for one side-

?gg;ﬁj Cell type 0 97 260 40 | 6wrR |
small lymphocytes | 86.8 ( 2.8) ‘ 1
0 e, and large | 10.3 ( 1.0)
reticulum cells 293 (1.1)
small 91.3 (2.4) | 90.5 ( 3.0)| 6.6 ( 2.0) | 82.4 ( 2.7)
1 medium and large 3.63 ( 1.1) | 8.30 ( 1.1) | 4.53 ( 1.3) | 8.77 (r_I.EE)
reticulm 5.0 (1.7) | 6.23 ( 1.6) | &.86 ( 2.1) | 13.8 ( 2.9)
small 86.1 (2.1) | 86.3 (6.2)| 80.8 (2.7)| €3.T ( 3.8) | 67.3 ( 4.9)
2 medium and large| 10.7 ( 1.1) | 7.90 ( 2.2) | 6.24 ( 2.0) [ 10.4 ( 2.3)| 1.7 (1.2)
reticulum 3.20 (0.9)| 5.8 (1.4)| 12.8 (2.8)| 25.9 ( 3.2) | 30.6 ( 3.4)
small 82.1 (3.0) | 72.0 (7-.8) | 61.5 (7.8)[ 66.2 ( 4.5) | 7a.7 (& 1)
3 medium and large | 14.2 ( 1.0) | 19.5 ( 2.1) | 5.3 ( 8.1) | 16.3 ( 2.8y | 7.07 ( 2.9)
reticulum 3.62 (1.1)| 848 (2.0)| 13.2 ( 3.0)| 18.5 ( 3.1) | 18.2 (3.1
small 84.8 (2.7)| 87.9(4.1)| &4.5( 8.0)| 62.3 (7.T)| 63.0( 4.2)
-5 medium and large | 11.0 ( 1.5) | 9.47 ( 2.2) | 11.3 ( 2.9) | 24.8 (3.9 25.7 ( 3.1)
reticulum 413 (1.6) | 2.65(1.0)| 3.25(1.7)| 10.9 ( 3.1) | 11.3 { 2.2)
small 85.5 (2.6) | 84.7 ( 2.9) | 82.8 ( 7.2) | 83.6 ( 9.1) | 70.7 ( 3.7)
7 medium and large | 11.9 ( 2.0) | 13.1 ( 1.9) | 15.6 ( 2.0) | 12.4 ( 2.8) | 5.25 ( 1.6)
reticulum 2.60 (1.9)1 2.16 ( 0.9) | 1.60 ( 1.0) | 3.96 ( 1.7) | 24.0 ( 2.9)
small 89.T (4.2)[ 88.0 (2-3)] 90.5 (3.7 ] 87 ( 2.8)
10 medium and large| 7.98 ( 1.9) | 10.7 ( 1.7) | 6.96 ( 1.1) | 10.8 (2.1)
reticulum 2,90 (1.2) | 1.34 (1.2) | 2.57 (1.2) | 1.47 ( 0.8)
small 88.2 (13.0)| 87.9 (2.2)| 90.2 ( 4.2) | 83.8( 2.1)
12 medium and large | 8.78 ( 1.3) | 8.98 ( 1.4) | 7.72 ( 1.2) | 8.66 ( 1.8)
reticulum | 305 (0.8) 817 (1.2)| 2,06 (1.0)| 2.49 ( 1.2) .
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Table 5. Changes in the proportion of small, medium or large lymphocytes and reticulum

cells in the lymphnodes after the irradiation. Percentages were calculated in

3200 to 4900 cells. The number in the parenthesis is 959 confidence interval for

one side.
2%50:5;&; Cell type 0 97 260 410 BI0R
small lymphocytes 88.29%( 2.4)
0 f;jg;‘;g’c;;j large | 380 ( 1.2)
reticulum cells 7.97 ( 2.1)
small 87.6 ( 2.6) | 86.9 ( 2.2 | 82.0 ( 2.2) | 69.2 ( 2.7)
1 medium and large 3.83(1.2)| 216 (1.0)| 2.30 ( 1.1)| 2.10 ( 1.1)
reticulum 8.83 ( 2.1)| 10.9 (1.8)| 15.7 ( 2.0) | 28.7 ( 3.2)
small 89.2 (2.2)| 8.0(2.7)| 84:8(3.5)| 76.9(4.0)| 63.3(3.9
2 | medium and large | 3.77 ( 1.3) | 2.84 ( 1.2) | 3.50 ( 1.4) | 3.84 ( 1.6) | 2.15 ( 1.1)
reticulum 7.63 ( 2.0) | 12.0 ( 2.0) | 11.7 ( 2.0) | 19.0 ( 2:7) | 84.4 ( 3.7)
small 88.8 (3.1)] 8.0(3.9)] 785 (6.7)] 73.8(4.2)] 6.1 (3.1)
3 medium and large 3.53(1.4)| 398 (1.7)| 48 (1.9)| 3.84(1.2)| 410 (1.2)
reticulum 7.63 ( 1.8) | 12.0 ( 2.4y 17.7 ( 2.2) | 23.4 ( 2.7)| 34.8 ( 4.0
small 86.6 ( 2.7)| 8.5 (3.1)| 77.1 (5.2)| 70.8 ( 8.6)| 59.4 ( 3.7
5 medium and large | 4.43 ( 1.7) | 5.71 ( 1.9)| 7.98 ( 2.1) | T7.16 ( 2.4) | 6.22 ( 1.8)
reticulum 9.00 ( 2.0)| 7.82(2.2)| 14.9 (2.5)| 22.0(3.2)| 34.4( 3.9
small 87.7 (2.4)| 8.7 (2.9)| 82.7(3.2)| 73.56 (4.1)| 53.5 ( 3.6)
T medium and large 4,27 (1.2) | 4.95 (1.7)| 825 ( 2.1)| 7.81 ( 2.0)| 439 ( 1.2)
reticulum 8.06 (21)| 7.3 ( 2.1)| 9.08( 2.0)| 18.7 ( 3.0) | 42.1 ( 3.6)
small 888 (2.2)| 8T.4(2.4)| B.1(2.7)| 76.4( 2.8)
10 medium and large 3.26 (1.7) | 4.51 (1.1)| 4.80 ( 1.4)| 6.47 ( 1.7)
reticulum 7.90 (2.2) | 8.12 (2.00| 10.1( 2.2) | 17.1 ( 2.3)
small 88.0 ( 2.1) | 88.5 (22.2) | 87.2 ( 2.1)| 79.9 ( 2.1)
12 medium and large | 4.88 ( 1.4) | 3.94 ( 1.0) | 8.72 ( 1.1) | 6.02 ( 1.5)
reticulum 7.58 ( 2.6)| 7.52 (1.9)| 9.07 ( 1.9)| 14.1 ( 2.2) o
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Fig.

Number of cells in thymus

Fig.

Mumber of cells in lymph nodes

5. The relation of radiation dose to cell
number of each kind in thymus. D,, were
estimated at 120R for small lymphocytes
and at 105R for medium or large lymphoc-
ytes. Reticulum cells were highly rodiore-
sistant.
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6. The relation of radiation dose to cell
number of each kind in lymphnodes. D,
were estimated at 170R both for small lym-
phocytes and medium or large lymphocytes.
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Table 6. Number of small lymphocytes in
Imm?® o f venous blood. (X 100)
Mean value =+ standard deviation
for 6 to 10 mice.

Efﬁﬁggii, OR | 97R ZGDR_! 410R | 690R
0~ (8417
1 18+ 4| 8.5+ 2 7.5+ 2| 5.5+ 2
2 |65+13'33+10( 6.5+ 3111 =+ 5| 4.0+ 2
3 |67+ 922+ 4]17 + 6 9.0+ 3[ 8.0t 4
5 62413138+ 815 + 310 =+ 6| 7.0+ 4
7 661549412015 + 412 =+ 5 5.0+ 2
10 [o7+1637+ 919 =+ 316 + 8/4.0+ 2
12 |66+1449+ 827 + 481 + 7

Fig. 7. Change in the number of small lymph-
ocytes in whole blood after irradiation. These
values were calculated from the number of
small lymphocytes in Imm?® of venous blood
estimating the whole blood wvolume at 8 %
of body weight. The number in the paren-
thesis indicates the radiationesdose.

-2

3

5 107

o) ) Q
E ¢ o
=, @

I=:
a 2
4 o2

2
it

2 S
2

£ 8 X
= e o //
g o4 | T
oo ~
G 2 \!{SS‘EIF.‘J
3 Rt
= 10%
1

2 02 4 6 8 10 1
Days after irradiation

(BHEEXM L 5.2%, n=
AR T CRER T
2 HECREEE E D, 6~

£ EIMmERO71.1%
42) B HD T Ion,
OE|EHHA L.

107 D =IG{E L 957 (SR FL 4 4, 97TRT69.2
+ 8.1%, 260RT40.1%+ 6.4%, 410RT20.2
+ 9.2%, 690RTI6.9% 4.1%THotz. 4

BEYFEEDS LB E LT, B ohhTih1EoL
MR /N v ABRREERHETZ2 L, BTER
T 13 IEBS TR 7 x10METH B A BEE 1,
2 HC L 10% oA — & — A Lz, 3 HiEM

T —



1536

LIRAWCEIEN & B ieh 260R DR 5
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