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BIOLOGICAL ACTION OF GAMMA AND X-RAYS

1. Exposure of Mice to Daily Doses of Gamma Radiation
at Two Rates: 5.5 r hr and 0.11 r/8 hr.

By E. lorenz, A, Eschenbrenner, M. Derringer, and W, E, Heston

INTRODUCTION

Previous experiments had shown that male C3H mice when exposed continously to
radiation at a rate of 4.4 r per day would survive total doses of more than 1600 r (given
in over a year’s time). They appeared in no way different from the controls of the same
age with respect to weight or activity. Blood counts which were done occasionally showed
no significant changes in comparison to controls. The only damage that could be at-
tributed with certainty to radiation was the histological finding of severe testicular atrophy
with absence of mature sperms. On the other hand, Henshaw (J. Nat. Cancer Inst, 4:
513-522, 1944) reported pronounced histological damage in Hematopoetic organs and
testes, and an appreciable shortening of life span in C3H mice after a daily exposure (5x
weekly) to 5 r of x-rays given within a few seconds. The total average lethal dose was
somewhat below 1000 r,

The discrepancy between these 2 experiments can only be attributed to the difference
in the rate at which the daily dose was administered; in one experiment it was distributed
over 24 hours, in the other given within a few seconds. The difference in the daily dose
(4.4 r and 5 r) can be disregarded. Therefore, it has to be expected that between the
extremes of the rate of administration there must exist a rate of administration at which
the damage described by Henshaw will begin to appear. In the experiments described in
the following, the rate of administration was arbitrarily chosen as one hour, and the daily
dose was 5.5 r. In addition, one batch of mice was given a daily dose (tolerance?) of 0.11
r distributed over 8 hours to study any possible enhancing effects of this additional dose.
As experimental mice, female LAF] hybrids were chosen as they are vigorous animals
and do not develop breast tumors. All mice were approximately 2 months of age at the
start of the experiment. Food supply (purina dog chow) and drinking water were unlimited.
Weekly weight records were kept. Blood counts were taken biweekly with the exception of
one group which was kept for breeding purposes. Controls were given 4 weekly blood
counts.

The different groups were as follows:

Ag - Control female mice (8) _

1§ - Experimental female mice (9) exposed daily to 5.5 r given in one hour.

D7 - Experimental female mice (9) exposed daily to 5.5 r given in one hour and
0.11 r given in 8 hours.
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Ip - Experimental female mice (9) exposed daily to 5.5 r given in one hour
(breeding experiment),

8; - Experimental female mice (8) given a single dose of 300 r in 7-1/2 minutes
(breeding experiment).

EXPERIMENTAL SETUP

It did not seem practical to use x-rays for these experiments; the reasons being
mainly the tie-up of an x-ray machine and an assistant for at least one hour daily.
Therefore 7 rays were chosen. The experimental set-up is given in Figures 1, 2 and 3.
Figure 1 shows the radium carrier and the mice holders. The outer radium carrier con-
sists of a wooden ring carrying 18 glass tubes at equal distances. 5 mg radium tubes
{(filter 0.5 mm of Pt) are inserted into the top of the glass tubes at a height corresponding
to the middle of the little wire cylinders holding the mice. There are 9 mice holders, one
radium tube is opposite each wire cage and onk tube opposite the space between the wire
cages. The central (inner) radium carrier has a 5 mg tube on top at about the same height
as the top of the wire cages and another 5 mg tube at the bottom, at the same height as
the bottom of the wire cage. Figure 2 shows the wire cages with the mice being lowered
into the radiation field. Figure 3 shows the setup in a lead box with wall and bottom 2 cm
thick, A 2 mm Al filter (not shown) lines the inner wall of the lead box. The radium carri-
er igs permanently fixed in the lead box, the carrier with the mice being removable so that
the operator is only exposed to the radiation for a few seconds. The daily dose received
by the operator’s hands is far below the safety dose, and the dose to the body is negligible.

The energy distribution at the place of the mice was calculated by assuming an equiva-
lent of 8 r per hour at 1 cm distance from 1 mg of radium filtered by 0.5 mm of Pt.
Measurements of the dose were carried out with a Victoreen 25 r chamber at different
points inside the mice cages; the chamber was calibrated by the Bureau of Standards with
x-rays. This calibration also holds for ¥ rays as a lucite thimble fitting snugly over the
chamber gave readings within the error of the 25 r chamber being approximately + 2%.
(An increase in the measurement of 1% was observed with the addition of the lucite thimble.)
The measurements showed an average value for the intensity in the center of a mouse cage
of 5.5 r per hour; the variations within the mouse cage (sides, top and bottom) were ap-
proximately + 5%, the values on top and bottom lower than the average; those’at the wall
opposite the radium carrier higher than the average. The mice usually moved around in
the little cages so that an average mouse dose of 5.5 r per hour + 5% is the most probable.
There is also a small variation (+ 2%) from cage to cage. Absorption within the mice is
ot taken into account as it can be neglected.

RESULTS

As will be seen in the following, the majority of the mice of experiment I} and D7y
suffered from a low grade chronic pneumonia which made necessary the termination of
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the experiment after nine months. The experiment was started in early summer of 1943

and the daily moving of the animals from an air conditioned room to the irradiation room,
which was not air conditioned, may have been the cause for the animals catching the disease.
Unfortunately this condition was not recognized until several months had elapsed. At the
beginning it expressed itself in a slower gain of welght of the experimental animals than

of the controls. At that time, this was attributed to the radiation effects. It is believed,
however, that this disease does not make the experiments without value. This is evident
from the data presented in the following. It only terminated the experiments at a lower

total dose (approximately 1500-1600 r) than might have been obtained with healthy animals,

All pertinent data are given in Tables 1 to 4 and Charts 1 to 18.

1. Blood counts, Blood counts were only teken of the control and experimental animals
of Groups Ag, I and Dyq.

II. The controls were counted every four weeks; the experimental animals every two
weeks. Charts 1 to 8 give the data on the control mice. These animals also serve as con-
trols for other experiments and are in age several months ahead of the experimental
animals. However, the data are comparable as counting was begun in all animals at approx-
imately two months of age. All control animals were alive at the age at which the last
experimental animal was killed. Approximately 50% of them are still alive at present, at
an age of approximately 24 months. The charts, however, go only to approximately 18
months of age. In comparing Charts 1 to 8 (control animals Ag) and Charts 9 to 18 (experi-
mental animals Ij and Dq) there appears to be a greater frequency of fluctuations in the
experimental animals. This however is of no importance as the experimental animals
were counted twice as often as the control animals. Red counts, hemoglobin and platelet
counts (the latter being taken a number of months after the experiment was started show
no significant differences between experimental and control animals. Likewise, the total
white count of the experimental animals is within the limits of the controls, There is a
difference, however, in the differential count, the neutrophil count of the experimental
animals being usually higher than that of the controls. This, however, has to be attributed
to the chronic pneumonia and not to the irradiation. Animals of other experimental series
which received much higher doses did not show an increase in neutrophil count. The
following table gives the terminal (or near terminal) counts of the experimental mice and
those of the econtrols at comparable age.

PATHOLOGICAL OBSERVATIONS

The pathological data available for experiments Iy, D7, I2 and 81 are given in Tables
Ito IV. Complete data are given on experiments Iy and Dg (Tables% and II) in which the
mice were exposed to the irradiation until death. In the experiments I3 and S1 the animals
received not only considerably smaller doses than those of experiments Iy and D7, but
also were killed and autopsied a considerable time after termination of the irradiation.
Tables III and IV, therefore, give mainly the pertinent pathological data on the ovaries.
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Dat Terminal ok, e 2
a on le
Exposure Dats et Blood Counts Lymphoma Ovaries
Total Time Total Chronic :
Age Age Died of Exposure Total Acute and
Animal at at or  Autopsy and Age Chronic Dose Acute Lymph Intes- Folli- Down Lung Lymph Bone Infec- Miscel-
Number Sex Start Death Killed Fumber  Range Level  Dose (daily) Dose RBC __Hgb  WBC TN L Platelets Nodes tine Spleen Thymus Liver cles  Crowth Cysts  Estrous Testes Hepatoma ~ Tumors _ Nodes _Merrow tions  Kidneys laneous
r-
}h’f/:. b Bl 18 o dial R.C. Pneu-
3/17/43 per T h > haso 22 ) <t i o = - Smell - - - - - L.N. - monia
14319 Q@ 684a. 215a. D 6937 to per day L Med 1um
: 10/ lﬂ /i3 comtedw before ! Ler
}69/3. 5.5r ; Pri- . R.C Pneu-
3/17/43 per1h 930 r 10. = = r 5 2 = = = - - - L.N - monia
154313 Q@ 68a 2374 D c739% to per dey x Sl T o (i :;:1
11/0/43 106 gms, counted 8 days
= before death
}'arg/ﬁé 5.5 - 9.7 Lerge R.C. Pneu-
3 per 1 h. x & L.N. monia
14330 Q@ 65a. 2w0a K  CTHEY to per day 961 r o TR e o i 0 : : - - Primor- ; r : # =
1/15/43 6350 sh 9 _dal
721/3. 5.5 r 9.6 v Pneu-
3/1T/43 per 1 h. x 10800 moni:
14320 Q 68a. 289a D c8esk to per day 1215 r 106 g;e 36 61 e ¢
12/31/43 . counted 4 days
hefars desth
?‘ig /ﬂ 5.9 r & 12.8 Pneu-
3 3 r 1 h. * . monia
14326 Q@ 674. 3214 D  CBTAB %o v Oy 1397 r Y Bt 6920~ 33 . 6k~ 670,000 : g 2
2/2/ub
723/& e e I 2 = 10.3 Pneu-
3 3 r 1 h. x monia
14325 T WO cB758 to St Ay 1403 r 105 ;?,7 AB00. 7 +5T 39 620,000 2 ' x - - : : : = - “
2/3 /b :
25’8 d. e 16 11.0 . Pneu-
3/27/43 per 1h. x 3800 £) > : -
14318 Q 684a. 1326 4. D c880ok to per day 1419 r 1 16.2 counted 13 days 2 $00,000 b % 5 b % = 5 E: e
2/6/uL Em8.  pefore death
a. f %o
33 per 3 b L7 164 500 kg W6 800,000 - - - SR - E ' 2 o s
14317 Q 68a. 3w1a K 8932 to per dsy 1502 r 106 &me- R.E
L 2/a1/uh
273 4. oo s L 1.0
1k321 @ 68a. 3Mra D AR % P Xg g-h i
0 o s < 2[;: N T 1302 r 10 before death

R.C. - Reaction Centers

L.N, - Large Nodules

R.E. - Reticulo-endothelial
hyperplasie, medulla
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Data on Terminal
- Exposure Data Blood Counts ___Lymphoma Ovaries
Total
Total Time Total Chronic
Age Age  Died of Exposure Total  Acute and
Animal at at or Autopsy and Age Chronic Dose Acute Lymph Intes- Folli- Down Lung Lymph Boos :
Number Sex Start Death Killed Number Bange Level Dose (daily) Dose RBC _Hgb WBC 4N _$L Platelets Nodes tine Spleen Thymus Liver cles  Orowth Tumor Cysts Estrous Testes Hepatoma  Tumors Sskas Rarvoe Foche it X ——
= 1308 @ 694. 1814. D - 112 a. 0Ly IR 616 r 628r 9.0 - 26% A 9
3/16/43 per 8 h. x
to per day 106
9/13/43 55T ‘
per 1 h.
per day
305 @ 694. 2194, D - 210 4. o.l1r 23r 1U55r nMr 9.6 16.0 6100 39 5h 770,000 Pneumonia
3/16/&3 per 8 n. &ma .
to per day Counted 11 daye
12/10/43 5.5r before death,
per 1 h.
per day
311 @ 684, 28,a. D c8197 216 d. 0.11r 2kr 1188 r 1212 r 10.316.8 4350 k9 47 910,000 - ; g - - - - R.C - Pneumonia -
3/17/43 per 8 h. X, gms L.N.
to per day 106 Counted 6 days R.E.
12/26/43 5.5 * before death
per 1 h.
per day
1k225 § B8 -wraA D c8uL8 235 d. 0.11r 2%6r 1292r 1318 r 9.1 1b.7 5800 kb 51 660,000 - - - - - - - - - RiC: - Pneumonia =
3/13/43 per 8 h. x gms. L.N.
to per day 10 Counted 4 days R.E,
1/14 /44 55°r before death
per 1 h,
per day
14304 ¢ 69a. 3304. D c8816 261 4. 0.1lr 29r 136 r Wwés r 7.3 12.3 6250 M1 5T 340,000 - - - - - - - - - R.C: - Pneumonia L
3/16/43 per 8 h. x @ma. L.K.
to per day 106 Counted 2 days R.E,
2/9/uh 5.5 before death
= per 1 h.
per .day
14306 ® 60a 3wha - 275 d. 0.1r - Wr 1503 r 1533 e, 81155 118% %0 45 920,000 Pnsumonia
3/16/43 per 8 h. x_@ms,
to per day 106 Counted 2 days
2/23/uk 5.5 before death
per 1 h.
per day
-14260 g pe. 338K €9095 281 4. 0.11r 31lr 1546 r 1577 r 11.7 18.k 385 U6 51 340,000 - - . = - = - = = - R.C - Pneumonia g
3/13/43 per 8 h. x gms. L.N.
to per day 106 R.E.
3/3/4h LR
per 1 h.
per day = w
14307 Q@ 694, 3504d4. K €909% 281 4. o.1lr 31r 1546~ 1577 r 7.0 ;i;o ool (B s - R.C. - - -
3/16/43 per 8 h. x : L.F.
to per day 106 R.E,
3/3/us 5.5 7
per 1 h,
| per day
| 14331 @654 W6a. K €993 281 4. 0.11r 31r 1546 r s go 0D N0 M. 3T - 910,000 : - Wot-~ % - R.C. - - s
3/20/43 per 8 h. o eytrous L.N.
to per day 106 R.E.
3/3/u4 LI
per 1 h,
per day St
- Reaction Centers
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EXPERIMENT NO. I,

ANIMAL SPECIES: MOUSE

Breeding Results
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Litters
Age Age Exposure Data Ovaries Miscellaneous
at at Mammary p | 2 - ) o3 T O
Start  Death Autopey Total Down Lung Gland No. No. No. No. No. No. No. No. No. Age at Mating
Humber Sex Days Days Number Level Dose Follicles Growth Cysts Estrous Tumors Tumors Uterus Born Weened Born Weaned Born Weaned Born Weaned Born Weaned (days)
T Q 68 321 €9376 5.5r/1Lh. 330 = - Metestrus € Primary - 9 9 10 9 9 8 3 - * 128
per day 2 11 Meta-
static
14776 ? 68 h12 D1108 . 330 Small  Praestrus - - Growth re- 10 7 10 33 18 L L - = 128
(few) cyst in to sembling a
1l ovary Estrous fibro-Myoma
14TTT Q 68 K12 D112 - 330 (fev) Pepillary Estrous - - - 4 b 8 12 12 13 12 3 3 128
cyst in 1
ovary
14778 Q 68 h12 D1109 " 4ho (few) - Praestrus - - - 7 i § ¥ 8 T X 0 - - 148
14779 ] 68 h12 D1110 . Lo (few) - Preestrus 1 Primary - 9 9 6 6 6 2 0 o - 148
14782 ? 66 k10 D111l 5 bho - " Mucenous - - - 10 0 13 8 8 3 2 = % 146
Cells
(Pregnant)
14783 e 66 410 D1113 » T70 - . Estrous(?) - n . 2 0 e ¥ . = = 5 - 175
14784 e 66 k10 D11k - T70 - One Atypical - - - : 3 0 = ‘ - = = : Y 175
ovary
cystic
410 D1115 % 770 - - Atypical - - - 0 - - - - - - = % 175

14790 Q 66
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EXPERIMENT NO, 51 ANIMAL SPECIES:
Breeding Results
Litters
Age Age Exposure % - . . = Miacila.naous
at at Died 5 Data Total Lung Gland Wo. No. No. No. No. No. No,” “No. No. No. Age at Mating
Anilmmal S JSJ:;J“t ggh Kiged ;ﬁmgz;y Level Dose Follicles Cysts Estrous Tumors Tumors Uterus Born Weaned Born Weaned Born Weaned Born Weaned BRorn Weaned (days)
m x ex 8 7
6 Lo.7 r 300 r - One Estrous - - " 5 5 - 4 = # & Y - % 56
15711 Q 56 276 Killed D58 perTmin. Floird o
cystic Metestrus-1
" " 300 r = One Estrous - - - 5 5 - - - - - - - - 56
15712 S D587 overy
cystic
" n 2 - Metestrus- One - - 9 9 - - - B - - - - 55
15713 Q 55 275 ' D588 300 r : il
1571k Q 55 203 2 c9628 4 300 r - - Atypical - - - 8 8 : < & = 2 5 z : 55
15715 Q 55 275 . D589 ’ 300 r - - Atypicel - . - 6 6 g - : - e 2 = 5 55
. 2 00 r - One Estrous - - - 6 6 - - - = & i - ~ 55
15716 g 55 275 D590 3 ey -
cystic Metestrus-1
15717 9 55 275 Y D591 - 300 r - < Diestrus - - & 5 L < 5 5 - % 5 3 % 55
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TABLE V
Mouse Agein R.B.C. Hgb. Pl
Group Number  days. x100  gms/100cc x105 W.B.C. %N %L

14319 201 ee---- === ==aa- 4850 22 75
14313 237 10.6 1790 --—-- 10200 25 74
14330 240 8.7 15.2  ----- 6350 54 38
14320 289 9.6 15.8 10.0 10800 36 61

L 14326 321 12.8 20.2 8.7 6950 33 64
14325 322 10.3 18.7 6.2 4800 57 39
14318 326 11.0 16.2 9.0 3800 31 55
143117 341 10.9 16.4 8.0 5000 49 48
14321 341 11.0 154 ----- 10800 32 52
14308 181 9.0 e e 2650 14 79
14305 279 9.6 16.0 1.1 6100 39 54
14311 284 10.3 16.8 9.1 4350 49 47
14255 307 9.1 14.7 6.6 5800 44 51

Dq 14304 330 7.3 12.3 3.4 6250 41 57
14306 344 8.1 15.5 9.2 11850 50 45
14260 353 11.7 18.4 3.4 3850 46 51
14307 350 7.0 16.0 10.6 5550 22 75
14331 346 7.0 15.5 9.7 4350 40 57

Approx.

13381 180 11.0 164 2 ----- 8300 (4 a9
13382 200 9.6 166  ----- 3300 5 94
13386 240 9.9 15,8 -——- 7250 10 86

Ag 13387 280 10.8 18,2 ----- 3800 i0 90
13388 300 9.8 164  ----- 4250 22 8
13389 320 10.8 184  ----- 5050 12 86
13385 340 7.4 134 --ea- 6650 22 73

13396 360 8.6 177 eeee- 5350 10 89
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The experimental groups I and D7 are discussed together as there is no indication
that the additional dose of 0.11 r per 8 hours per day in the Dy group had any effect
whatsoever, Examination of the sections prepared from complete autopsies revealed the
presence of pathological changes attributable to irradiation only in the spleen, lymph
nodes and ovaries. All but two mice had extensive penumonia of a chronic type commonly
seen in untreated animals. Differences in mice with and without pneumonia were ob-
served only in the spleen. Descriptions of lymph nodes and spleens will follow the
terminology used by Conway in her studies on the changes in these organs of the guinea
pig and rabbit, following infection by Bact monocytogenes. No bone marrow atrophy was
observed in any of the animals. No special cytological study was made of the marrow.

Lymph Nodes. The lymph nodes were slightly smaller than normal. They were com-
posed of 1 to 3 very large nodules of medium and small sized lymphocytes without any
peripheral zone of densely packed small lymphocytes. In these nodules there were
scattered mitoses and foci of necrotic debris that were not concentrated in any par-
ticular zone. Some lymph nodes had one or two small nodules with pale central areas
containing medium sized lymphocytes surrounded by a zone of densely packed small
lymphocytes but these were conspicuously fewer in number than seen normally. Begin-
ning with a total dose of 1212 r (not being present following a total dose of 961 r) a
definite increase in the number of reticular cells was observed between the large
lymphatic nodules. There was no associated increase of reticulum fibers (Laidlaw’s
stain).

Spleen. The spleens of the two pneumonia-free animals were of normal size (ap-
proximately 16 x 4 mm). They contained many medium sized lymphatic nodules that
were composed of medium and small lymphocytes. Within the nodules were scattered
mitoses and small foci of necrotic debris that were not concentrated in any particular
zone. These nodules were very similar to the large nodules in the lymph nodes, except
for size.

The spleens of animals that had pneumonia were slightly larger than normal (ap-
proximately 20 x 4-5 mm). Some of these contained numerous medium and large lymphatic
nodules similar to those in the pneumonia-free animals, except for a prominent peripheral
clear zone composed of large mononuclear cells with pale nuclel and abundant cytoplasm.
In others, especially in animals that were found dead, the lymphatic nodules were very
small without a peripheral clear zone. There appeared to be no increase of reticular
cells in the medulla in contrast with the findings in the lymph nodes.

Ovaries, The ovaries were about normal size. Serial sections were made of
ovaries of all animals but two in which there was advanced autolysis. After an exposure
of 808 r, one mouse had follicles in all stages of development; after an exposure of 830 r,
one mouse had only primordial follicles, and after an exposure of 861 r, one mouse had
primordial and several large but no small or medium sized follicles. Higher doses up
to 15677 r gave ovaries devoid of developing follicles. The highest dose at which primordial
follicles were present was 1403 r. Above this total dose the organ was composed almost



-13 - MDDC - 807

entirely of luteal tissue but a few invaginative downgrowths of the surface epithelium
were present.

The critical dose in this experimental arrangement for the development of follicles in
the ovary appears to be in the region of 900 r. Although conclusions can be only tentative
with the limited data available, it would appear that the stage of transformation of pri-
mordial into developing follicles is the most vulnerable cne. After a follicle has begun to
develop it proceeds to grow to maturity. Later, primordial follicles also disappear so
that the organ is composed only of luteal tissue. Finally this tissue is displaced by invagi-
native downgrowths of the surface epithelium. In the last analysis these abnormalities of
growth of the follicles are probably merely a reflection of a primary irradiation effect on
the ova rather than a direct action on follicular cells.

The changes in the lymph nodes and spleen suggest repeated overlapping cycles of
destruction and lymphopoiesis and with increasing dose this is accompanied by the appear-
ance of proliferation of reticular cells in the medulla. It is assumed that the latter change
represents further attempts at regeneration by proliferation and transformation of the
reticular cells into lymphocytes,

From many observations of chronic pneumonia in untreated mice it is likely that in
the present series of experimental animals this disease need not be considered to be a
very great factor in interpretation of irradiation effects except in its terminal stages. It
is a very slowly progressive disease that has no general systemic effects until more than
half of the lungs are consolidated. It has no counterpart in the human but its systemic
effects can be compared with those of mild bronchiectasis.

BREEDING EXPERIMENTS

The results of the breeding experiments on the I3 mice (those receiving total doses
of 330 r, 440 r and 770 r at a rate of 5.5 r per hour and per day) and the Sy mice (those
receiving a total dose of 300 r in T minutes 22 seconds} are presented in Tables III and IV.
A study of the results indicates that a total dose of 300 r given in 7 minutes 22 seconds
is sufficient to produce sterility in female LAF; mice. The results indicate a latent
period since these females produced one litter, but no subsequent ones. All of these ani-
mals were mated on the day that they were irradiated. The vaginal epithelium of some of
these animals, however, indicated an estrus cycle, despite the absence of follicles in the
ovaries. The explanation of this is not apparent. Total doses of 330 r and 440 r given at
the rate of 5.5 r per hour and per day are not sufficient to produce sterility, while a total
dose of 770 r given at this rate is sufficient, Two of the three females receiving
770 r at the rate of 5.5 r per hour and per day each produced one small litter (consisting
of 1 and 2 animals) but no subsequent litters. The reduction in litter size in the fourth
litters produced by the females receiving 550 r at the rate of 5.5 r per hour and per day
is probably an effect of age. The same situation prevailed in one of the females receiving
330 r at the rate of 5.5 per hour and per day. It should be noted that at that time the animals
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in the two groups were of approximately the same age which would explain the similar
results obtained. These data can be compared with data obtained in other experiments
which will be discussed here.

The breeding results obtained in the 4.4 r per 24 hours and per day groups are in
accord with those obtained for the I2 mice. Females receiving up to 550 r on the 4.4 r /day
level produced normal sized litters. Those receiving a total dose of T70 r at the rate of
4.4 r /day show a definite reduction in litter size, the average in this case being 2.6
(incomplete). The average litter size for controls to this group is 8.8. This reduction in
litter size in the animals receiving 770 r at the rate of 4.4 r /day is probably in part an
age effect since these animals were not mated until they were approximately 8 months
of age. The first indication of any effect on the animals on the 8,8 r /day level was seen
in the females receiving 880 r. Ten of the fifteen animals in this group produced litters
with an average litter size of 2.6, The females which received 770 r at the rate of 8.8 r /day
produced litters with an average litter size of 6.1. The average litter size for controls
to this group is 8.1. The few results available at this time indicate an irradiation effect
in the females which received a total dose of 880 r at the rate of 8.8 r/8 hours per day;
the average litter size in this instance is 2.0 while that for controls is 8.6.

CONCLUSIONS AND SUMMARY

Haematology. Female LAF] mice have been exposed to daily doses of 5.5 r in one
hour (I1) and 5.5 r in one hour, plus 0.11 r in 8 hours. Biweekly blood counts were taken
on these animals. They came to autopsy after having received total doses ranging from
600 to 1600 r. The blood picture of these animals is comparable to that of controls of the
same age with the exception that the neutrophil count was higher than normal for most of
the experimental animals. This increase in neutrophils was probably due to a low grade
pneumonia and not due to the irradiation.

Pathology. Radiation effects were observed only in lymph nodes, spleen and ovaries
while all other organs were within normal limits histologically.

Breeding. Breeding experiments showed that a single dose of x-rays of 300 r given in
7-1/2 minutes, will result in sterility after one litter of reduced size was born. Breeding
experiments in which 330 and 440 r were given at the rate of 5.5 r per one hour per day
gave litters of normal size and the mice remained fertile up to about 1 year of age, which
is approximately the breeding end point of normal mice. Mice exposed to T70 r at the rate
of 5.5 r per 1 hour per day gave one litter of greatly reduced size and were sterile there-
after. This finding is in agreement with other experiments, in which mice were exposed
at the rate of 4.4 r per day, 8.8 r per day and 8.8 r per 8 hours per day. These animals
when exposed to total doses of 770 and 880 r also became permanently sterile after one
litter of reduced size was born. These breeding data are in agreement with the pathological
observation of the Iy and D7 mice which showed that at a dose of approximately 800 r
large follicles begin to disappear.
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It can be concluded therefore that an exposure of mice to 5.5 r per hour per day up
to total doses of approximately 1600 r produces radiation effects on the ovaries similar
to and not more pronounced than those observed when similar doses are given at the rates
of 4.4 r per day, 8.8 r per day and B.8 r per 8 hours per day. The discrepancy between a
single sterilization dose of 300 r and a dose of approximately 800 r given daily at the
above rate seems to indicate that a certain amount of recovery of the ovary is possible
when doses are subdivided. Whether the subdivision of the dose or the rate of administration
of the dose is more important in producing sterility has to be decided by further experiments.



- 16 - MDDC - 907

T
T+ t
T
1T
: H
T T
! 4 78
]

88

TTETTITITITET

1
i 5

i

Jies hus

F

N - ]

T

T

8 s PR

1
111

N I =
«— 0’8y £3°1=17d

Chart 1



MDDC - 907

Totenst T

| # th_ﬁuontrul, a.qd;;

Chart 2



-18 - MDDC - 907

nbrel, aqe = Zmonths at T4o _

LATRC.

100 <.,

‘ls'

ta x|
qb. in dm. pey

LA

L

Pl il

— Vean $9| ®3via

Chart 3



-19 - MDDC - 907

: HrHH 1 I T
A HHH

H T | 35am agafanass HH o T T

¥ = T e

: TR HH guash H1H. sasalsppRanandyi g8ed THIHH

i it s2isffesfiosgjpasagantangiany as

f 1 iTH =58 =25 B ssssrazssges

+ ke Sea pRe: H HH

b e ,T% Sed tRses F i ]

s e H 8 25 : e g sEsdfnuge

&+ sssgucadassffuneinn 23 . saEgeg Saus! HH

a 4 sfnagasag) B { HH ages ==

. + + . - -

i : +
f.q { +

P 1 =

Cadlvsl:

k3

g

11004
BB TA

‘ Ehll;
Heb.in gm. pent

4

Plilelet

92123914

Chart 4



Chart 5

-Oz—

L06 - ODUdN



i

MDDC - 907

l},c o? frnl, a qt -Qmmtlu alb -fea

b LA

)
)

Ian 100 c.c.

1
» |DF
1)

el.%%
“:U(‘u

5
Tnph
MN

BC
el

\-
RIBC.
Plai
Hiyb

L
B aaaal
e

A

xPp.

3

" e s
¥ IILJlIII

F? | g

Chart 6



- 22 - MDDC - 907

R

i

: qett- =0 is L momlks

Sappm———y =3

H B
w "
I
1
puas - -
3o F = i
Bad! N z
Yeg tH Vi
ik i
i1f o (it ¥

= )
8121927v|4 ‘NWd



- 23 - MDDC - 907

TR -
T -
- H Iy
s ga 1 ‘|wn|1 34 _
T H 1L BT ER =8 SSEEENSRFEEEREEREE
a88a PR T SERERINNG 088
» HEITE amngs B LF B HHEH oy T
14 aadpRdidRigudii d Bsdasandabasis I+
FER R o R sdupdinadifaniiasass e
WEElgRas i aad BEaRaqRRI3saanagaRE: sRfanga H SRECESRIAGEERESRE: ES
HEEEL L § # & SLERERE S H
o .. o AT CTEE T H

:.,.T'.T-::'

T

onl r-L Aqb;f

o
F3C

gy

&~09 'Y

Chart 8



- 24 - MDDC - 907

[

aa

ST
1T

1

1

Tiwe bn Wee ks —

— 08" 89| 7¥)d

c



- 25 - MDDC - 907

™1 -

1
i
-t
1
1
I

' we

Ty ]
I
¥
]
1T
Il
Eree s s
3
T
=1
L B
+
" i
s
T
- 1
E e
I
T
==
t
1
¥
T
muas
1
T
1
: 1
T
1
T+
T
T
I
1o
:
A
1
T
+
1
T
+
;
1

i
+

17
meEgREuE EEamE;

ssannnn:
I

&

Tu-.u. in Wee ks —

\Veaks —»

-r‘u-‘ in

B b i A, (L O R A it LR L
—aw" sqm|?a%id _ — @  Mewdy yoad

Chart 10



=26 -

MDDC - 907

i
jm

T
.u”u:

T

i

r

5

D ose I.thl

11

ql:. im t|.w:|.‘

L ose —»

NI EED;

Time is Weeks —

Tl"T—ﬁT‘l

s A TH H3{H
H H sssssgfuii SEpasgunas
HH " n

e
t
T
1
e
-

RE®BYE

it
il
HEt HH
=

1
1
:
I
1
I

o

s4hsns anzung

Al

X

1
T

H 15 1 H
54 b s
1 i s H
-5
. %) e uy
& 5 0 o Ammn
. iy &
- ual
aEpEENEngs us mi
ugln &E 8w T
:% H a H
1 I THTH T i
bodid o mog a8y -+ H d_
& 1
- 11
us o

31?3 ™d

%

~"J8 M

wr_&e.ﬂh..—

Rwd " 2

Chart 11



- 27 - MDDC - 907

r T a:
R T 3 T T
HHHTH  EHEHH sasagsadlisaiad H tH
e L EE S b B R R R R e TR T H HH
. L LR i i 3
] HH FEH H T [ HET HHHHE
| ﬁ. : H B I 4 v.m ._H I I b 4 4
H 1 11 BREiisa BRRECRRRRz IRTNERS H...“
i H I a ITh CEE H T
il i m HHH 1 b L
Fitm f. 1 Hihg
1 B i
=
— K
1 3
o
ot

: 55 —m 1

Time in Weeks —

]

LHM““

Tatal

Tl.\-. in Weeks —»

i
«— '8y

Chart 12



. per
LA

LELE

5

-

e

\eeks —»

Time un

V.I-h -

T‘un o

«~— 08y

1%cad

Chart 13



130 8,000

) . per

bt 01

v im"j

| 'lt =0

LD

78 I 2 - ST

Tiwme un \.;-.f..kl —

Chart 14

—sz_

L06 - DAdN



- 30 - MDDC - 907

1;-. in Weeks —

T

s

[ 4

ﬁ_ LT I IH ﬁh TN L 1
i shiRfsassebis sasdacs HH
| sEmEm
! :
w Eprums T £
/| 1H H HE T HH
HHTHH HH TR
HH aiew AT
HH H
I
HHH
SEEEEESEgE 4 R
HHHH HH R H

\Waeks —

Tbm Ln

TR TR
T HIHH LA
gy agiad ERARASERANAAgpuT
Fias : ; e
H mEugGEn g | Eug -+ O
FHTHH HH
H H HHH U ]
5 Eoamd e 8
H Ll
: Ly 1!
H ¢
- ‘“ HH
1
=
B HH s
as T T
I } & H
1
T
1
N
11 =8
mi S B bt
I = an aas
t . =
b e
t g i
T 1
1
t
i
H s sag
1] 11 anE
11
1
Y n - - -

2 -
W A= —oam ek Ny



o B

MDDC - 907

3 e

et

TT

=8

s mun

e

Tt

ety

T

ISEENEFE SRR R BN

a%

\Wee

e
ks —»

'}
in

Time

Lot

§384,000

[]

I

Time in Weeks =

Chart 16

H -
1

H T
T

H L

‘
pieiibie b
4 > = = S

-8y LD L]




wphs

24

PMN L

14.04 1,290,000 2.5

R.B c.—:,=

PlaTelels
=1

EEREgRr S e

R /MQY‘@\ 3 ‘v i

e W .

I A oo R PG : B]%-q;t, :lg‘

* I = H e e PO

! \m&S..irunleDai.y o Tolal Dose — cslnvﬂpn:‘allr im 8hrs 455 iml el

:: e ;‘i—;::mn: : xp. L4 nut_é.'n: B T aqe= mn{m\:ﬂ:
5 1l g e WBC L1000 G (e
; i e L k1000 1

-

W.B.C.—
T ;

o
™

&
TTT

[] & 25
Time in Weeks —

-zs_

L06 - ODAdN



MDDC

-

907

R el

2 o

- Hab. im qin. BOTE B B b
Tot&' ose —» Dll.ﬂ[GIOI "’i-"lBL"";-*,- -','__,_,_,

— oarm  SEwAy TNl

Chart 18






