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DEONYRIBONUCLELIC ACID SYNTHESIZING CELLS IN THE BLOOD
OI' MAN AND DOG EXPOSED TO TOTAL BODY RADIATION
V. P Boxp, MDD, LD, T M. Freoseg, MLDL® I P Cronkrre, M.D., aNv
GLoANprews, MLDD#
Urrox, N. Y., axp Oax lupce, Texx.
Wit rur TrECUNICAL Asstsraxce or M. Jouxsox, . Scuokrk, W. WhRNEE,
I. Muxzit, axNp Ko Apadik

With the wse of tritinted thymidine, which is incorporaled only into new
deoryribonucleic acid, and the auloradiographic technique, it has boen possible
to show that cclls capable of deosyribonucicic ucid syatlesis and thus, presum-
ably, of division are preseat nocmally in the blood. In the present investigations
the number of these cells was followed serially in five men exposed to laryc doses
of whole budy radiation wn an accident tnvolving fissionable material at the
Qak Lidge National Laborutory. Similar studics were performed on irradialcd
doys to confirm and cxtend thesc obscrvations. Following czposure the number
of cells falls drastically within hours (normal valucs approzimately 6 per cubic
millimeter for human being; GO per cubic millimcter for dog). The values then
risc gradually, to altain levcls crceeding mormal approximately tem days uftey
crposure of the huoman belng. A sccond peak cxeceding normal lovels i noted
at approzimately forty days. The cells are all of the lurge mononucicar type.

Tic possible fatec and function of these colls are discusscd.

YT WAS shown previously, by means of tritiated thymidine and the autoradio-
L1 graphic technique, that cells capable of synthesizing deoxyribonucleie acid
(DNA) are present normally in the periplieral blood.* Thymidine is incor-
porated solely into mewly formed DNA, and thus the presence of the labeled
compound indicates ability of the ecll to synthesize DNA and, presumably, to
divide. The cclls found were mononuclear. The number present in the normal
human being is approximately 6 per cubie millimeter; the number is inercased
in some nonncoplastic® * and some neoplastic*® diseases. In preliminary publica-
tions, it wgg shown that the number of these cells in the peripheral blood changes
in both man® and dog® following whole body irradiation. In the present com-
munieation is presented the pattern of change in the number of circulating
DN syathesizing cells in human bheings aceidentally exposed to large doses of
radiation from a critical assembly and in dogs exposed to different doses of
x-radiation.
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MATERIALS AND METIIODS

- Human EBaposures—As a result of an accident involving nuclear fission which occurred
in the Y-12 plant of the Oak Ridge National Laboratory in June, 1938,7 five men were expozed
to doses of total body radiation so high that hospitul care was considered advisuble. Deotails
of the aceident, and the clinical findings in the exposed individuals buve breen deseribed
previous’».. v The radiation cousisted of a mixture of neutrons and gammu rays, and
the totul woses ranged from 236 wo 365 ruds, of which approximately one fourth was due
to fast ucuirons.

In conneetion with other hematologic studies, bleod was drawn from cach subjcet from
Days 3 to 141 for the present studies.

— A —

DNA-SYNTHESIZING MONONUCLEAR CELLS !
IN PERIPHERAL BLOOD OF MAN ACCIDENTALLY:
EXPOSED TO IONIZING RADIATION
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DAYS AFTER EXPOSURE
Fig. 1.—8equence of changes in the number of labeled cells in the peripheral blood of
human beings accidentally exposed to gamma and ncutron radiations. All values on Day 3

were zero, The estimated total doses received, in rads, are as follows: 4, 365; B, 270; C, 339
D, 327; I, 236.

Dog Exposurecs.—Four dogs were exposed to large doses of radiation as'follows: Dogs
410 and 382 reccived bilateral radiation, 123 r from ecach side, totaling 250 r. Dog 3638
reecived 350 r, unilaterally from the dorsal aspect. Dog 359 received 350 r, from the dorsal
aspeet, with the right hip and leg regions covered with 34 inch of lead (whieh reduces the
dose below the shield to less than 3 per cent). Radiation factors were as follows: 230 KVP;
30 Ma.; filter 0.5 :um. copper, 1 mm. aluminum; TSD 110 cm.; machine output 21.2 per
minute, measured at a position corresponding to the proximal skin surface of the animals.
The doses given are those derived from the output dose rates at the proximal skin surface of
the animal. ‘The 250 r bilateral exposure is in the 30 day lethal range (one animal survived
beyond 30 days; the other died on Day 17). The other two exposures would be considered
less than, but approaching, the lethal range.

From all dogs, blood was drawn first hourly, then every few hours, and then at daily
intervals for 16 days. IFrom one dog (Dog 410, 250 r bilateral irradiation), occasional
samples were taken from Days 17 to 30. .

Labeling Technique.~—~The technique for in vitro labeling has been deseribed previously.l: 3
For both human beings and dogs, 4.5 ml. of blood was added to 0.5 ml. of stock solution’
containing tritiated thymidine, Na, EDTA, and dextran for acccleration of erythroeyte sedi-
mentation. The final concentration of tritinted thymidine was 0.3 uc per milliliter, and the
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specific activity of the material was 1.9 ¢ per millimole, The Wlood was incubated for 1 hour at
room femperature, ap which time sieirs were suade from cell concentrates and fixed in methyl
aleohol,  Pilms were developed after o 13 day exposure period, and were stained through the
flm with Giemsa stain. A total of 5,000 nueleated colls was enumerated at eacl of the points
for both man and dog., At the time bload was withdrawn for the thymiding uptike studics,
blood counts were performed in order to allow conversion of per cent labeled cells into absolute
numbers of labeled cells per cubie millimeter,

RESULTS

Man~The scquenee of ehanges in the number of labeled cells in the periph-
eral blood of the human aceident cases is shown in Fig. 1. In the normal
human being™? the labeled cells number approximately 6 per cubic millimeter.
In an oecasional individual, none are deteeted; in others, as many as 20 per
cubie millimeter have been found. The cells are mononuelear, and of the types
shown in Mg, 2 (cells in Fig. 2 are from the exposed patients). Some labeled
cells resemble monoceytes, others, immature lymphocytes, atypical lymphocytes,
and plasma cells (none ave typical plasma cells). On the third postexposure day,
when studies were first done by this technique, the number of cclls had fallen
from the normal value of approximately 6 per cubic millimeter to zero. A rapid
rise began on Day 4, with the number of cells in the peripheral blood being
oreater than normal from Days 8 to 18 (approximately). There was a scecond
risc to above normal beginning approximately Day 28, and the number of cclls
in the peripheral blood was not significantly different from normal when the
patients were last studied by this teehnique on Day 141, or 414 months after the
accident. :

Fig. 2.—Cell types labeled with tritinted thymidine in the peripheral blood of human beings
exposed accidentally to gamma and neutron radiations,

All of the labeled cells observed were mononuelear in type, and were ap-
proximately 10 to 15 mierons in diameter. Most of the cells observed are of the
types shown in Fig. 2. The nuelei of many showed a very dense chromatin
pattern and the thin rim of eytoplasm was characteristically basophilic. In some
cells, a slight indentation of the nucleus was observed ; in a few cells the indenta-
tion was more pronounced, and a parinuelear ‘“Ilof’’ was evident in the region
of the indentation. Iissentially all cells scen were of the types deseribed pre-
viously.®

Dog.—The sequence of changes in the number of labeled cells in the periph-
eral blood of the dog is shown in Fig. 3. Normally, approximately 50 labeled
cells per cubic millimeter are present in the peripheral blood. These are of
the types deseribed for the normal human being; however, the predominant
cells resemble immature or atypical lymphocytes. Within minutes of exposure.
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the number of labaled eells increased to about double the normal value, followed
by a very rapid deerease to virtually zero hy the end of 24 hours. The nuwmber
ineveased over a period of the next several days, then decrcased, and perhaps
began a scecondary rise on approximately Day 16, In one dog given bilateral
irradintion and observed beyond Day 16, a secondavy rise occurred avound Day
22 with a subscquent fall (data not shown in IFig. 3). The absohite numbers
in the peripheral blood Irom approximately the second to the twellth day were
considerably lower in the animals that received bilateral irvadiation than in the
animals that reecived either whole bedy irradiation unilaterally, or unilateral
irradiation with one hind limD shiclded. However, the general shape of the
curve was the same in all four animals,

T T T T T T T T v T T i T T T T T
H LABELED MONONUCLEAR CELLS
IN BLOOD OF IRRADIATED DOGS
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Fig. 3.—The sequence of change in the number of labeled cells in the peripheral blood of

dogs cxposed to 250 KVP x-radiation. Dogs 410 and 382 received 230 r bilaterally; Dog 363
received 350 r from the dorsal aspect; Dog 359 reccived 350 r from the dorsal aspect, with
right hip and leg regions shiclded.

The morphology of the labeled cells observed in the irradiated dogs was

no different from that normally observed.

DISCUSSION

Although it is apparent from the data that considerable variation oceurred
from individual to individual, the changes in cach subjeet were of a regular
nature, and the average curves for both dog and man were similar. In both man
and dog, the number of labeled cells had fallen drastically within at most a few
days of exposure, and the dog data indicated that the fall oceurs within the
first 24 hours of exposure. In man, there were two subsequent elevations in
the number of cells in the peripheral blood, which oceurred on approximately
the twelfth and fortieth days. A sccondary rise ocewrred in one dog given
bilateral irradiation and studied beyond 16 days. After apparently complete
recovery the number of cclls had returned to essentially normal values. These
data indicate a definite pattern of change in the number of labeled cells follow-
ing heavy exposure of both man and dog.

ioou229
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The results are given in terms of the absolute number of laheled cclls per
enbie millimeter, independent of the precise eell type. Because of {lie small
number of labeled cells involved, further hreakdown into subeategories was not
warranted. Tt would be va hable to know 1f only the number of laheled colls
vhanged, ov it the total nunbor of morphologically similar eclls, labeled or un-
labeled, changed as well.  Althoush acenrate categorization is diffieult in the
stained filmed prepavations, this was att empted in one animal (Dog +10). The
numbers of morphologically similar, Jabeled and unlubeled cells ch imeed in a
parallel tashion, indicating {hat the differcnces following irradiation relate to
all eells of that category and 1ot only to those in DN.A synthesis.

It has been shown that tritiated thymidine is ineorporated in vive and in
vitro solely into DNA of cells that are in DNA synthesis and henece have the
poteniial for farther cell division™ Tt is thus assumed that the mononuclear
blood cells found to he eapable of meorporating tritiated thymidine have a
proliferative potential, but that they do not neeessarily divide within the hlood
stream.  The origin, fate, and function of these cells and the reason for the
pattern of change following hrradiation are not clear.

Tt is not definitely established whether alterations in the number of laheled
eells in the peripheral blood after cxposure parallel changes in hemopoicsis or
lymphopoiesis.  In general, in man, for the dose ranges considered, the hlood
ncutrophils may rise transiently within hours of exposure, and then fall gradu-
allv. The low point is reached in the third week or latar, depending on dose,
and recovery of survivors begins in approximately the fifth week, The Irmphio-
evte count falls to the lowest values attained (20 to 40 per cent of normnl) within
24 howrs, and remains at this low value for some weeks hefore recover v begins.
However, the curves of serial lvmphoeyte conunts in hoth the Oak Ridege and
Yugoslavian accident cases™ 0 22 indicate questionable rises around Days 15 and
40. The data on patients exposed in two Los Alamos accidents reveal no such
changes.?* Trom data on animals'* and on the Oak Ridge patients,™ 10 it is
coneluded that an ““abortive rise’” in peripheral blood leukoeytes mayv oceur some
days after exposure. It is kmown?® that the mitotic index of the bone marrow
also vises after an initial fall, and that many of the mitotic figures arc ohviously
abnormal at the time of this abortive rise. Thus the changes observed in the
number of labeled blood cells resemble to some degree those seen in lymphopoiesis
and medullary hematopoiesis, and it is not clear whether they are related to
changes in cither of these hematopoictie systems. It is of course possible that
they are related to neither, and that the cells belong to a separate system with
a different site of formation.

The curve following exposure of a dog with one limb shiélded is similar in
shape to that of the animal reeciving the same dose of radiation, but without
shielding of the limb. The same type of curve has been noted in patients ve-
ceiving partial hody exposure in the course of elinjeal radiotherapy.® The abso-
lute values in the dog which reeeived bilateral radiation were considerably less
than those in cither dog which reccived wnilateral radiation. It should be noted
that bilateral radiation is more effective than is unilateral radiation, and the
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“hiologieally effeetive’” dose, in terms of potential mortality, was higher with the
dogs reeeiving bilateral radiation than with cither dog receiving unilateral radin-
tion,

Tt is templing to speeulate that the changes in the numbers of Juhcled cells
following irradiation may be related to marvrow degeneration and regencration,
and that the cells may have a multipotential hematopoietic function. Some sup-
port for this thesis ean be derived from the well-known fact that shiclding of
hematopoietie tissues under various conditions in the irradiated animal results in
aceclerated regeneration of the bone marrow and a deerease in mortality. This
could result from possible transfer of a humoral substance or of cells capable of
proliferation, neither of which possibility has heen established. Support for the
cell transfer hypothesis is scen in the fact that radiation protection has bheen
obtained in mice hy means of blood transfusions from animals with a Jeukemoid
reaction.?®'®  Efforts in this laboratory to demonstrate prolifcration of blood
cells labeled with tritiated thymidine and transfused into normal or irradiated
recipient animals have not been successful to date®; however, the data are not
considered to be definitive cvidence against such proliferation under some cir-
cumstances. ‘

Labeled eells of the types deseribed in the peripheral blood are observed in
large numbers in pleural and peritoncal cffusions of some cases® with which a
direet association with hemopoicsis would not be expected. Some of the labeled
cells have been demonstrated in this laboratory to be phagoeytic. Thus it is
possible that at least some of the labeled eclls found in the blood may be con-
cerned with inflammation and defense mechanisms, and their apparent prolifera-
tive potential may be related to an ability to provide rapidly a mechanism for
building uwp local defenses. '

SUMMARY

1. Mononueclear cells capable of deoxyribonuelcie acid synthesis, as deter-
mined by use of tritiated thymidine and autoradiography, were found in the
peripheral blood of five patients aceidentally exposed to ionizing radiation, and
in four x-irradiated dogs.

2. The absolute number of these labeled cells undergoes apparently charae-
teristic changes in the postirradiation period, with two peaks above normal in
the human being around Days 8 to 10 and 35 to 40.

3. Some grounds for relating the changes noted to changes in the lympho-
poietic or the medullary hematopoictic system can be seen; however, the fate
and function of these cells is not ¢lear at present. .

The authors are indebted to Dr. M. Brucer, Chairman, Medical Division, Oak Ridge
Institute of Nuclear Studies, for having made these studies possible and for giving us his
steady cooperation.
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