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EFFECTS OF PRENATAL IRRADIATION ON FETAL, NEONATE, AND
YOUNG ADULT MURINE HEMOPOIESIS

SHEILA R. WEINBERG, PH.D.
Experimental Hematology Department, Armed Forces Radiobiology Research Institute, Bethesda, MD 20814

B6D2F1 mice received cobalt-60 radiation on day 10.5 of gestation at doses of 50 to 300 rad at a dose rate of 40 rad
per min. These animals were studied at four selected age periods: (a) day 14.5 of gestation, (b neonate, (c) juvenile, and
(d) 13 week-old aduit. Fetal liver cellularity, morphology, and hemopoietic progenitor cell concentration reflected
injucy after 200 rad. The 15 day-old mouse spleen cellularity was affected more than bone marrow cellularity, but
greater radiation injury was reflected by hone marrow hemopoietic progenitor cells. Fluctuations from normal
hematopoietic values were greater in the 15 day-old juvenile than in the 9 day-old neonate, commencing with 50 rad.
These included peripheral blood parameters and marrow- and spleen-derived erythroid-, granulecytic- and mega-
karyocytic-progenitor cells. The consequences of prenatal irradiation {150 rad) were evident in the 13 week-old
mouse. This was manifested by a reduced spleen cellularity and perturbations in concentrations of hemopoietic

progenitor cells in the bone marrow.
Prenatal irradiation, Murine hemopaoiesis.

INTRODUCTION

The nature of prenatal pathogenetic consequences
induced by low-dose ionizing radiation has been a prob-
fem receiving the attention of the medical communi-
y /I TI0IINE and animal model experimenta-
tiop WS IRILREEE Increased incidences of exposure
to dingnostic and therapeutic radiation as well as environ-
mental radiation hazards have been the main causes for
concern. The critical variables wt the time of exposure
causing the congenital anomulies include the age of felal
development, dose, and dose rate. However, biasing of
fuctors while collecting the informution has resulted in g
pronounced dichotomy in the literiture concerning long-
Justing efects of () in wtern o preconseption exposure 1o
diggnostic X rays and (b) the atomic bombings of Hiro-
shima and Nagasaki™ ™ Reported anomulies include
high incidence of leukemin und other cuncers, Down's
syndrome, altered sex rutio of offspring, and un elevated
denth rate of children. Animal experimentation us well as
duta from clinical studies hive documented neurological
and skeletal abnormalities in juveniles irvadinted during
fetal development, ' !5

Supported by Armed Forces Radiobiology Resedrch Inste
tute, Defense Nuelear Ageaey, under resenrch wurk umit M)
BOOX0 The views presented w this paper ues thase of the author;
av endurdement by the Defemse Nuclear Apenrey has bpen siven
or ahuuld be infereed.

Research waus conducted aceording 1w the principles enun-
ciated i the “Guwe for the Care and Use of | aboralory
Animah™ prepured by the Institute of | aborutory Amoal
Resources, Natwonul Reseurch Couneil

These studies were preseated ut the Lith Annual Mecting of

- aa
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In our laboratory we have investigated the hemopuoietic
perturbations in mice exposed to various doses of total-
body gamma radiation (ke S0 300 rad of cobalt-60) at
10.5 days of gestation, which is considered the peak of
stem cell activity in the extraembryonic laci for blood cell
formation.'" Mice were evaluated for hematopoictic
anomalies during their () fewal life  day 14.5 of gesta-
von, (b) neonatal life 2 9 days of age, (¢) juvenile
fife 15 19 days of age, and (d) young adulthood 13
weeks of age. In this paper we report the peripheral blood
hemogram vilues and the hemopoictic progenitor cell
activity of the bload cell-forming tissues (ie., bone mae-
row und spleen) in these groups alfter exposure to the
different doses ol ieradiation.

METHODS AND MATERIALS
Mice
Giroups of viegin female CSTBLE /60 mice (10 14 weeks
old)* were rundomly mated with nale DBAF ) mice
(1O IR weeks old)® during o period of 24 hr, designated
as day O of gestation, On day 10,8 of gestition pregnant
mice received a biluteral toral-budy ireadintion (TBY) of

the fnteenational Sueiey for Experimental Hematology, Baluy.
mure, Maryland, vh Aagud 15, 1982
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cither 50, 100, 150, 200, or 300 rad from the Armed
Forces Radiobiology Research Institute cobalt-60
gamma radiation source, at a rate of 40 rad per minute.
Nonirradiated pregnant mice served as the control group.
The assumption was made that the pregnant mice and
developing fetuses received the same dose of radiation on
day 10.5 of gestation. Thereafter, selected ages studied
were fetus at day 14.5 of gestation and after birth ages
2-9 days, 15-19 days, and 13 weeks. All mice were
maintained on & diet of food pelletst and acidified water
(pH 2.5) made available ad fbitum. All animals were
housed in a temperature-controlled room with a 12 hr
light-dark cycle. The data reported for cach nonirradiated
and irradiated group at the age studied reflect valves
from 5 to 10 mice in at least three replicate studies per
time point,

Cell suspensions

Fetal mice livers were aseptically separated, and cell
suspensions were prepared.’ For each of the irradiated
and nonirradiated fetal groups, the cellularity, morphol-
ogy of blood cell elements, and hemopoietic progenitor
cetl activity were assessed. Both femurs and spleen were
removed from 9 day-ole neonate, 15 day-old juvenile, and
13 week ald young adult mice. The tissues were pooled for
each of the irradiated and nonirradiated groups. Prepared
cell suspensions were evaluatea for tissue cellularity,
recognized blood cells, and hemopoietic progenitor cell
activity.

Cloneogenic essays

Microplasma clat cultures were used to study erythroid
burst-forming unit (BFU-E) activity, erythroid colony-
forming unit (CFU-E) activity,"" and megakaryocyte
colony-forming celt (MEG-CFC) activity.”*"* An extract

from anemic sheep plasma was used as the source of

erythropoietin (EPQ, step HIL Connaught Labs, Swift-
water. PA, Lot no. 30233, 6.7 units per mg protein).
Conditioned medium from a murine myclomonueytic
leukemia cell line WEHI-3 (WEHI-3.CMY** was added
to cultures as the MEG-CFC colony-stimulating factor.
Double-layer soft agar cultures' with pregnant mouse
uteri extract (PMUE) ax the source of colony-stimulating
activity (CSA) were used to study granulocylesmacro-
phage colony-forming cell (GM-CFC) activity.

Peripheral blood

Peripheral blood samples obtained from neonates by
decapitation, or from older mice by cardiae puncture,
were pooled for cach of the irvadinted and nonirradiated
groups for determination of hematocrit (Het) percentage,
red blood cell (RBCY counts per mim', white blood cell
(WBC) counts per mm', and percent diftferential distribu-
tion of circulating blood cell clements.
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Fig. 1. Fewl tiver, neonate, juvenile, and young adult bone

marrow and spleen cellularity of normal and prenmally iera-
dinted mive. Bune marrow und spleen differential distribution
percenmt values of normal and prenatally irradinted nconate,
juvenile, and young adult mice. Proliferative granuloeytic cells
include myeloblasts, promyelocytes, und myeloeytes. Nonproli-
ferative granulocytic cells include metamyelocytes amd mature
granulocytes. All values ure meun + SEM.
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RESULTS

Fetus (day 4.5 of gestation)

At doses of SO to 200 rad, all 14.5 day-old fetuses
were living. Generally 8 fetuses were found per uterus. A
39% increase in aborted day-14.5 fetuses resulted with
300 rad. Most pregnant mice that received a TBI of 200
rad completely aborted their litters (only 2 of 22 pregnant
mice delivered litters and the pups did not survive to IS
days). Pups of the 150 rad group were generally smaller in
size and had noticeable malformations such as a “runt-
like™ appearance or hooked tails.

BITTRAAT
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Four days after exposure to 50-150 rad, day-14.5 fetal
liver cellularity was not different from normal values,
However, exposure to higher doses of 200 and 300 rad on
day 10.5 induced sutticient damage, so that cellularity
was reduced by 33 and 55%, respectively (Fig. 1).

Although the concentration of the more mature ery-
throid progenitor cell (CFU-E) appeared normal by 4
days after irradiation (Fig. 2). the concentrations of
younger hemopoictic progenitor cells were significantly
lower than normal values. For example, following 100
rad, BFU-E were 12% of normul (Fig. 2) and GM-CFC
were S0% of normal (Fig. 3).
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Fig. 3. GM-CFC values: Double-Layer soft agar cultures with PMUE as asource of CSAL Values are expressed as
the mean GM-CFC for fetal fiver as well as bone marrow and spleen From neonate, juvenile, and young adult normal

and preratally irradinted mice.

Neonate (9 davs old) and juvenile (15 davs old)

Bone marrow celluliarity of the neonate and juvenile
were not affected by prenatal radiation exposure to doses
of 30 130 rad (Fig. 1), However, the pereent mirrow
recognizable proliferative granulocytes (myeloblasis, pro-
myclocyles, and myeloeytes) of irradiated 9 day-old mice
were lower than values for normal mice (Fig. 1) Fluctua-
tons Tfrom normal marrow cell composition were nut
vbserved in 18 day-old mice.

Although spleen tissue cellulurity was slightly lower
than control values (Fig. 1), the ditferentinl distribution
of recognizuble hemopoietic cells (Fig. 1) rellected
greater Nluctuation From noemal with each inizing radia-
tion dose. Compared 10 the noemal spleen, nucleated
ervihroid cells were higher in irradinted 9 und 13 day-old
mice, and granuloeytic cells were Jower only in the
irrudiated Y duy-old mice.

Although the marrow and spleen CHFUCE (Fig, D)ol the
ieradinted ¢ <100 rad) 9 aod 15 duy-old mice were fower
thiri normal, the BEU-E of only the irradinted 15 duy-old
mice were Jower than normal (Fig. 2. GM-CPC derived
only from ireadinted 9 and 15 duy bone mureow were
reduced (Fig. M. A peripheral blood erythrocsiopenia
and leukocytosis (Fig. 4) in the control groups were
apparently caused by the low 9 duy-ald martow and the
spleen BFEU-E and CFU-E v well an the high spleen
GM-CFC. The clevated vithues of the 15 day-old apleen
nuctented erythroeytic vells, BEULE, and CFULE
appenred 1o resolve the peripheral blood erythrocyiopenia
in the 19 day-old mice. Prenatal irradintion resulted in
further significant decreuses in the peripheral blowd ery-
thron indices to below the anemin levels of contral neon-
ate mice (Fig. 4). However, with euch higher dose of
cxpasure, the counts increased ubuove the previous value.

The reverse situation oceurred with the peripheral bluod
WRBC counts (Fig. 43 cach higher dose resulted in o
further decrease in WRC counts in the nconites 1o below
previous vilues.

The concentration of bone marron MEG-CHFC from
irradiated 9 day-old mice (-3 MEG-CEC per 107 ¢elln)
was higher than the nonirradinted (3.2 MEG-CHC per
HO' cells). The irradiated 13 duy values (- 28 MEGCHC
per 107 celly) were Jower than the noemal vidues (8.2
MEG-CFC per 107 celly). Spleensderived MEG.CHC
from treadiated 9 diny-old mice (2% VUMEBGOFC per
W celln) were similur to those of the normalt 26 MEG
CFC pee 107 celh). Values fur rradited 1100 and 130
ead) 1S day-ald mice were lower (66 and 1 36 MEG.
CHC per 107 cells, respectivedy ) then MEG-CEC From the
syme dge ronieradiated sod 30 rad proups (2.8 and 4.2
MEG-CEFC per 107 cells, respeetively ).

Y eeng adult (13 week s ol

The ditference vbaerved between celtularny numbers
af ireadirted and oonieradinted soung adubt spleen was
greater than the ditferences in aconute and juvemie mwe
(et drrndintion with S0 ead eesulted ina 28% decrenwe
in the 18 day-old mouse but o W% dececase in the Young
adult) (Frg. 1) Bone marrow cellutunty of the iradinted
groups of mice were within the range ol vitlues fur
nonirrihiated mice.

Nu significant sustained effects of prenstal irradation
were observed in young adult marrow and spleen coneen-
teations ol BEUSE (hig. 1. Although ieradiated (<100
rad) young adult medulli-derived CFULE were lower
thun values for conteod mice of the same e, the numbers
of ireudinted (50 and 100 rud) spleen-derived CFUE
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DISCUSSION

This paper reports the feng-Raing etfects of prematal
ireadisttion on munne hemopoesis of the fetus, neanate,
guventle, and young adult mouse. 1y ot kiown whether
the fluctuations abwerved 1 tissue veltubanity and hemo
poielie paemeters of the peripherad bl bone vuerow,
and spleen rom prenatidly ievadined nuee aee o resuly of
damage w the nugranag stem cebis from the solb i on
{Fig. 4. Bxamination of the adule peeipherad bhosd eell dauy 105 of gestation during the stage of active vrgano.
clements conlirmed this assumption. The pereent cireu- genenis, " ar due W random cell damage that s ool o
lating granulueytes were fower than for narmal mice, and sulticient degeee throughout the Blosd veli-forming s
the percent lymphoeytes were ineraised above normal sues Lo result in defects i the regulintory, mechamisms of

were higher than thase of normal mive {Fig. 23 Modula-
tans from the sormad young sdult were evident in periph-
crid blowd erythron und leukoeyte indices ol the ieradinted
groups (Fig. 4. However, decegines in the conventration
of arron -derived GM-CEC Fram ieradinted young adubt
groups (Figo 1) and nurrow- and sapleei-recongizable
pratiferative granmulueytic cells (Fig. 1) could nat have
aceounted for the vbserved peripherad blod lenhoey tosis

values (Fig, 4 The elfecs of preaatal irrndiation on
adult marrow MEGCEFC activity (Fg. $) were stmilar to
thuse on the CEFLEE and GMACEC aetivity, On the other
hund, the ieendinted adult splecn MEG-CFC values were
within normal values, and were simifine W spleen BELCE
and GM.CFC activity but unlike CFU-E activity,

hemmey topuenis.!

Duy 148 feral hiver was selected o relfedt rdiation
dimuage. Siee the day 148 tissue s mare than 604

hematopaetically actve,” ™

any huctuatiom from the

noanal hemogram following presatad esposuee W arradiae
tion would indicate the degree of dimage and the degree
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big. S0 MEG-CFC values Microphiama clol culiures with
WEHEVOM (ive-fold concentration, 107 o0, harnvested on
dus 7. Normal (mean s SEMD and prenataliy seradiated young
adult bune marrow {mean « SEM) and spleen tinean) vilues

ul recovery ability of this primary site of hemos lopaesis,
The results showed fetal hver granudupaiesis o be more
ridionensitive to injuey compared to eesthropoiesis, How-
ever, the fetad liver appears 1o have a greater potential for
erythropaiesis recovery. This is nol an unespected finding
sinee the duy 148 Tetal liver is peeater than BO% eevthrs
pictically active, as indicated by eytospin smear prepary-
tions of tissue cell suspensions und the high concentration
of CEU-E per 107 cells compared 1o values of the adult
bone maerow and apleen,

Qur ubservationg showed the spieen of the % duy-old
neomte W be at maximal erythropaictic activity with o
high relative number of nuclented erytheoid cells and
CEU-EL The bone marrow at this age has o low concen-
tration of BEUE und CFUSE. Others have alss reported
the 9 duy-old spleen as the primary site of eeythropoietic
activity."" ¥ The deamatic inerease in the 18 day-old
mouse marrow BEU-E and CFU-E concentrations, spleen

B I A R N iy vt s ey e i 4 e o S e Ty
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BEU-E, and reptinued  high CEFU-E concentrations
resolved the neonatal peripheral blood ervthrocy topenia
reflected in the values of the 19 day-old mouse RBC
counts and Het percentages (Fig. 4). Prenatal radiation-
induced decreases in 19 day-old mouse medulla- and
spleen-derived BEU-E, CFU-E and GM-CFC were
reflected in the 19 day-old peripheral blood values for
RBC, Het, and WBC.

Qur reported ditferences in values of the hemoporetic
progenitor cells derived from mouse fetal hver and young
adult tissues following prenatal irradiation exposure are
supported by other investigators.” ™ The highly prolilera-
tive fetal cells at day 1013 of gestation did not appear to
exhibit the same extent of radiation damage as the
neonate, juvenile, or adult cells. In fact, the expression of
injury may be delaved until a Later age. During midstage
ol murine gestation (i stage of active organogenesis, when
rapid development of the hematopoietic system is oeeur-
ring). the fetal tissues may experience ridiation injury of
a sufticient degree. Although celt damage may be ran-
domly distributed, cell-to-cell interactions i the hemato-
poictic migroenvironment that regulate hemoey opoiesis
nuty be permanently diseupted. An evimple of the latem
ellects of radiation injury may be the higher incidence in
the onset af chitdhood teukemia w children who have been
exposed in wtero to radiagon Y
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