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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

B6D2FI mice received cobalt-60 radiation on day 10.5 of gestation at doses of 501 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. (bti neonate, Ic) juvenile, and
(d) 13 week-old adult. Fetal liver cellularity, morphology, and hemopoietic progenitor cell concentration reflected
injury after 200 rad. The 15 day-old mouse spleen cellularity was affected more than bone marrow cellularity, but
greater radiation injury was reflected by bone 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 traduded peripheral blood parameters and marrow- and spleen-derived erythroid-, granulocytic- 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, Niurine hemopoiesis.

INTROIDiCIION In our laboratory we have investigated the hemnopoietic
T'he nature olf prenatal pathogenetic consequences perturbations in mice exposed to vrios dose fttl
induced by low-dose ionizing radiation has been aI prob- hody' gama radiation (i.e.. 50) 300 rad of cobl-O)a
lem receiving the allontion of. the mnedicall commtuni- 10.5 days of' gestation, which is considered the peak of'

t '""' and an i tal model experimienta- stem) cell activity in the extracnibryonic loei for blood cell
ton.' I42.. 1.1 Increased incidences of exposure formation," Mice were evaluated for hemiatopoictic
to diagnostic and therapeutic radiation ats well as crnviron- anomalies during their (aI) fetal life day 14.5 of gesta-
mental radiation hazards have been thle main cause., for tion. (b) neconatal life 2" 1) days of age, (c) juvenile
concern. The critical variables atl the limec of exposture ive is5 i days of age, and (d) youlng adulthotKd 13
causing tile conigenitall anomalies include the age of fetal weeks of age. Ini this paper %ke report the periphecral blokd
developmient. dose, and dose rate. Iliowevear, biasing of hemnogranm values and the hemiop-oictic progenitor cell

facor wil clletig heinoration has reuhed in at activity of thle IhLXW cell' rortuling tissues (i~e.. bonec miar-
pronouinced dichotomy in the literature concerning long, row and spleeni) in these groups alter expoisurec to the
lasting eitrcts of (a) in wetr or preconception expomsure to different doses of irradiation.
diagnostic X rays antI (hI the atomic bombings of Ifiro.
shimta and Nagasaki P' '" Reported atinmalies iclude NIE 14 S AND) NIATRIAS
high incidence of iculkemia and other cancers, D~own's Mice
sytidromei. altered sex ratio of ofrspritip, and anl elevated Croups of virglin female ('57111/6.1 mice: (I10 14 weeks
death rate: or children. Ailnial experimentation as, well as old)' were ratdonily mnated with miale: l)I1Aj2J mice
data from clinical studies have documnented neurological 110 IN weeks old) tduring a period of 24 hr. designiated
and skeletal abnormalities inl juveniles irradiated during as, day 0 of gestation. Onl day 10.5 of pestation pregna nt
fetal deviloptitiant.' ii~mice received a bilateral total-bdy irradiation ('T1ll) of

Supported by Artticd l-rke Rditn:ot Recorch lnsti- thei Iteriational Stwct) for tFspertncnial licnattology. ialit.
ktt, l)cfiin~v Nuvl~ir Ag'iicy. uinidr rocearch iiior unit SIJ more. Marylaind, onl Auptit 15, 11W~
tAX0~t 'The views prCelet& ill thi, pilwr arl those of the auilhor; 4.twdm'In 'h uhrwse to thilnL Dr 'Ihlotiis
tio endlor-Lenicot by the lDefensc Noecnr hen h'.' tctiv I \ o r, Il liIistne \kitll,~ !e -,u riu f )rmii'
or %hould be litfurred. cyic nie rp- l colon y. foring tipx:l I act itiI and l or h iscritiill

Research was conducted aiccording tot the: principtles enin~ realding of thle 11tam1icrimpt. and ito Mi. Juntilh Vanilec fXor
cim ed tin the "C o ole ror the C'are lind I,: tit ofla hora tory e dit horial avltan
A nita ls" prepatred by the Int-it ole of' I a boratiory A ntna I Accepted for pubilica tion 21 J1ulIy 1983.
Resiotrcc,%, National Research. Council 'Jackson L~ab%, itr lartxor. ME.

Thesc %tudies% were piresented ait the I ItIl Annuitl Meeting of
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cither 50, 100, 150, 200, or 300 rad from the Armed F FETUS NEONATE-JUVENILE YOUNG
Forces Radiobiology Research Institute cobalt-60 AVRDNUMRO PEE OESLEE

gamma radiation source, at a rate of 40 rad per minute. r l~ MARROW 00'
Noirdated pregnant mice served ats the control group. 2

The -assumption was made that the pregnant mice and ___
I fLV ORA-L V AL U ESdeveloping fetuses received the same dose of radiation on 15-

day 10.5 of gestation. Thereafter, selected ages studied
were fetus at day 14.5 of gestation and after birth ages 10
2-9 days, 15- 19 days, and 13 weeks. All mice were ~I
maintained on a diet of food pelletst and acidified water ,.

(pH 2.5) made available ad libitum:. All animals were *-

housed in a temnperature-cont rolled room with a 12 hr DOSE Irad: 0 11~ 2030511105 0105 05 0ID5 00 5 0IU5
light-dark cycle. The data reported for each nonirradiated AE 45d 9d 1 5d 1 k
and irradiated group at the age studied reflect valu.es
from 5 to 10 mice in at least three replicate studies per 40NUCLEATED ERYTHROID CELLS
time point. I. ir
('ell supnin

Fetal mice livers were aseptically separated, and cell 01 ______ ___

suspensions were prepared." For each of' the irradiated PROLIFERATIVE GRANULOCYTE CELLS
and nonirradiated fetal groups, the cellularity, morphol- 16 ~
ogy of blood cell elements, and hemopoictic progenitor 8I ~i
cell activity were assessed. Both femurs and spleen wereNO.RLEATVGAULCTCLS
removed fromt 9 day-old! neonate, 15 (lay-Old juvenile, and '---- _:

13 week old young adult mice. The tissues were pooled for 40,

each of the irradiated and nonirradiated groups. Prepared

recognized bloo cells. and hetnopoictic progenitor cell RORMAL VALUE$:$
activity.-0-__actviy.DOSE 111&l 50 100 150 50 100 150 50 100 150

AGE: 9 d 15 d 13 +wits

Mieroplasma clot cultures were us,,ed to study crythroid
burst-formning unit (11111-F) activity. erythroid colony. r- UCATQETfOlCLS
forming unit (CFU-F) activity,"-"~ and inegakaryocyte tt 80

NORMAt VALUEScolony-forming cell (MPiG-C'F() activity,"" All extract
frontl anemnic sheep plasmat wats used ats the source of w0
erythropoietin (liPO, step Ill, Connaught L~abs, Swift-
water. PA. Lot no. 3023-3, 6.7 units per nig protein). o.,
C'onditiontd medium froint a murinc myclomionocytic
leukemnia cell line WlIlI1-3 (Wt- fll-3-C'M) " wats added 2OF
to cultures ats the MIi-Cf",C colony-stimiulating factor.
Double-layer sort agar cultures'' with pregnant mousec 5 0t
uteriextract (PM UlI) ats Ithe source or colony-st imulat Iing $GANUOYI CELLS
activity (CSA) were used to study C2loyetnco
phiage colonly-frnnlng, cell ((UM-CFC) activity.8 *

OOSIts&d 50 too 150 50 t00 ISO so0 l 1 0t
Peoripheral hleoel AGC 9d is d 13 t* k

Peripheral bhxxI samples obtained front neonates by Fig, 1 Fclal liver. nvonate, juvenile, an~d younig adult Wie
decapitation, or front older mlice by cardiac puncture. niarrow and spleen cellularity of normnal and prima~lly irra-
were j~xtfcd for each of the irradiated and nonirradiated diated mic. MiAne inarro* and %pleen difrerentiial distribution

grous fr deermnatin o hemtocit (ict perentge. percent values or normal and prena tally i rradia ted nctel c
red blood cell (RIW) counts Per nint, white blood cell jiil.adyugdltme.Pofai grnlocytic cellsoinclude mayeloblait%, proutycltwcs n teoyes opo(WIKC) counts per nint',and percent differential distribu- Icramive graniultwytic cells include mmttamyclocyies and inaturc
lion of circulating blood cell elentents. granulocytes. All values are mean v SEM.

tWaynd Iatb Blot,



Prenatal irradiation, murine hemopoiesis S.R. WLINBER.(i 1827

RESULTS Four days after exposure to 50-150 rad, day-14.5 fetal
liver cellularity was not different from normal values.

Fetus (day 14.5 of gestation) However, exposure to higher doses of 200 and 300 rad on
At doses of 50 to 200 rad, all 14.5 day-old fetuses day 10.5 induced sufficient damage, so that cellularity

were living. Generally 8 fetuses were found per uterus. A was reduced by 33 and 55Yt, respectively (Fig. I ).
39% increase in aborted day-14.5 fetuses resulted with Although the concentration of the more mature cry-
300 rad. Most pregnant mice that received a TBI of 200 throid progenitor cell (CFU-E) appeared normal by 4
rad completely aborted their litters (only 2 of 22 pregnant days after irradiation (Fig. 2). the concentrations of
mice delivered litters and the pups did not survive to 15 younger hemopoictic progenitor cells were signilicantly
days). Pupsof the 150 rad group were generally smaller in lower than normal values. For example, following 100
size and had noticeable malformations such as a -runt- rad, BFLJ-E were 12%. of normal (Fig. 2) and G M-CFC
like" appearance or hooked tails, were 507( of normal (Fig. 3).

FETAL LIVER NEONATE-JUVENILE YOUNG ADULT

30• BONE MARROW BONE SPLEEN

14 MARROW

~12 SPLEEN I
C4

-a 101
' 10 :

NORMAL VALUES8

100+
2 . :2

DOSE 4&&a)50100t50200 50100150 50100150 50 100 150 50 150 1 5010150 50100150
AGE: 14.5 d 9 d 15 d 9 d 15 d 13 + wks

FETUS NEONATEJUVENILE YOUNG ADULT

LIVER 8ONE MARROW SPLEEN 8ONE SPLEEN
-.-............. MARROW

10 4

101 6

10' . . ... .

DOSE (rid) t : 1001A 50100150ro1005 50100150 5010W1I0015015050100150
AGE: 14.5 d 9 d 16 d 9 d 16 d 13 + wks

.ig. 2, ( tC-h'L v'lm. Mt.roplaid u lt tilltur% all 00 tt .12S unm-, I R) rpcr 0 1 till kk.er har'c.id ,tvttr 4K hour%,
4 I.i t( 1/"/."-E Vh 1W. Ml.rklulrelj ith .UV10 v ll I' Pe) %tlr I. u nl tsre h,1tricjd 0 1 dti l1 \ wtlttil .tre

expr .e.d wt. mtita - SF ki for fentl liver. tnd twite t .rrim ammtl %Pp14 fro in le|t., ju v.llic- and Utsuj tdull
turinal atd preituttill irradimacd mntWjiAl -
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ADL

NEONATE JUVENILE YOUNG
ADULTT

-NORMAL MEAN VALUES

BOSE irad. 50100150200300 50100150 50100150 50100150 50100150 50100150 50100150
AGE: 14.5 dd 15 d + 13 ws 9 d 15d + 13 wk

Fi..1 AlC'vtes-I~u~vIyeto gar cultures %%ith \IEa isuc f(S.Values arve epressed ats

and prenatally irradiated mice.

Neonate ('9 dqvs ol) und juve'tike 11, dois old) T'he reverse situation occurred ss ith lte peripheral bloodI Bone marrow eillhrity kit' thle neonate and juvenil WBC count (i g. 4); each higher dose resuted in at
were not -,tl'cctctd by prenattal radiation expoKsure to 'Jose'. further decrease in WBC1 coutst in the neconates to below
or S150 ISO md i g. H. I. however, the percent marrow previous vaklues.
rccogninable proliferative grznuloc~ tes (myelublivits, pro. Theli concentration of hone marro \11 644C from
myclocytes.and mychocytes) of irradhtted k) da)-old mice irradiated 1) tlin> old mi1ce -7..1 \I I .('I:C per I10' kxlks
were lower than vale for normal mice { [ig. I I. Flucttia. wats higher than the nonirmadiated 13.Z \1 I(iCI C per

insfrom normall marrow% cell compovsition wecre not It'cls.Teirdated 15 da>\ vales I. K \t I-C
observed in IS day-old mice. per 10' cells) wkere lower than the tiornial values t 5.2

Although spleen tissue cellularily wkax slightl> lowver MFEG-('IC per 10' MIll). Spleen-dcrived IA.lC
thata control values Fig. I)I. thle dilierentiail distiution from irraiattlc Q dit\ -old mice IX l\11j(*~ per
of recogni.tabie hemoopoletic cell-. ( Fig, II relecd It0' cells) wkere \itiilar it) those oif the nortual i 6 %1 It
greater fluctuation from normal with eatch iotlitng India. C [C per 10' cells). Values for irraiatied t I li) and I t)

tion dose. Comparcd to the normal splectn. nucleated rad) 15 tla> .ild mice wkere lower 1{0.66 and 1 46 \11I -6i
crythroid kclls wvore higher inl irradiated 9 and 15 dam -old ('PC per I W cells. respiective> I I ten \tA 4,'1(C irkai thle
illce and granulocytic eclls were lowcr onl> in thle mame age nuiradtiated and 50) rtd group% (.. miad 4.
irradiated 9 day-old mic. NWVG*CFC per 10' viells. resetivvl>

Althtoug~h the marrow and spleen C Vt ' I Fig, 2) of the
irradiated 100) mad) 4 and IS day'old mice wecre lower
t11111 normal, thle l1111,4of only thle irradiated 15 da> -old I, ming adull I I~ w'etA ;4th
mic were lower than ilormal (Fig. 2), 6M-CFC derived The difference observed between cellularu> numbecr%
only from irradiated 9 and IS dti b one mait owere of irradiated an ti unrradiated >oung a1dult spleen \ka%
reduced WFig. 311. A peripheril biltl mtoctpni greater thant tile differences in tneontie and juvenile mice
and leukocytosiN W~ig, 4) in lte control group\ kiere (eg., irradtiation with SI) rad resulted in at X decreasec
1a1partitlly caused by lte low 9 day-old maurrow and tile in Ilite IS day-old mouse but at 10IV decrease in tle \ tingip
Spleen lV. and C411.1. as\ well at- thle high spilee adult) (i Hg. I. Il onec marrow clularit> of the in adiated

M-C PC. The elevated values of' tile IS day-old :pleeii groups of tiicc %ere within the rane. ale o
ntucleated erymlirovytic cells, lVIt P. and Ct P nontirradiamed mice.
appeared to resolve tile periphleralI bloodJ eryt brocytopenia No sigoilicant sus.t ttined 0elkets of prenaitail inradil on
in thle 19 day-old mice. lPrenatal irradiation remulted in% uer observed in young adult marrow mnd spleen concen-.
further significant decreases ill lte peripheral bltt~ cry. initions of it'~ (H-g . 4) Although irradiated (- 10t)
thron indios toblwte iei evl fcnto en d) young adult medulla-derivedl (CI.1 P were lower
aLe tmice (Fig. 4). However, with each higher dose oif t111an vallucs for control mice of tle saic age. lte numbers
elxuurc. lte counts increased above lte pr'evious value. otf irradiated (sO and 100K rat)) spleen-derived C111-1-.

Ij.



Prenatal irratdiation, murine hcmopo~iect% S.R. Wl-I it: RG 1 2

NEONATE JUVENILE YOUNG ADUL
10AUTNEONATE JUVENILE YOUNG ADUL

14

8 ~ 12
E

E . 10

c.~4

2 V- NORMAL VALUES
1 2

0 0
DOSE (rad 50001 50100150 50100150 50100150 50100150 1EW 501OD~151050 0115 5010I3 1501A
AGE: 9 d 15 d 19 d 13 +wits 9 d 15 d 19 d 23 d 13 +wits

* LYMPHOCYTES

50 NEONATE JUVENILE YOUNG 8

& o 40,

30 NORMAL VAL CES
S20

POLYMORPIIONUCLEAR CELLSI' to 30 _

0 10

AM d 15d 19 d 13+wits 9d 13.+ wti,

Vip 4 Pet ip1ii hlwi~d rcd b&itit %cll eotnilt. I Ik It( Ie twr t l Wmall"Iete I I It pretmir. w hitc bWt'~d %xIt o it.
IW() 1m pe ut'ind thicroitt~d dimtrtbut-1 p~rcnt viloc" of niortuu) 4d I-retai imrtitaw1 #iti AH ta~lue

%were higher thni Iitise of mirninl mice I Iipt 2). kimdnIl. IflISU ION0

(ins from the flormal yong~ atiu were evident ill 1wrph. 1)1% p~tper rclwort tile Innip-tmi cltco dd.% of protal

cra en md c~ ryhrim mid letiktwsc iifivo. theli irrutntmed irradio tion til niurine he ofuh utihe (etu%, f1lluitc.
group% I hp, 4), 1I t'mevmr decemiso. in tile cticentratimn Pivenldc, and %ounlp adult 111ill&.c. It i. tnot kiltm il %khoete
of iirimm*derieed c %t.cvc fromi irrodiuted youtgodutt thle (111%mcn~h~rvd ill lomic txIluIltrot itt heivi
grollp' Wig g 1 1 mill ilotiu i-iid spleeI1.rewilititdhWe 1iclIic praeters tiithe periplivratI iltxi, 1intil omrrti %
prirerit ivc pirnmiun>tictylt tclk t Wig. I ) oitild ohow luive nnd pIcen from preumialk irriined mice atre ai 1 011t orI ~ ~ ~ ~acouiitod (tir the oh.ervd Periplerni b~i.d ml u. dimage i thc ,u11troil 1iii let cell% frotuile silk %m: tit
( 1g. 4). oftintu l te ittitll 1wriphecrallttw biu cl ~ >1. r~~~tuitui~ e~ d it~ rnl
clcmetv co~nfirmied tl. ooumption. The percent virvu- tit~i~ (111c~~rd to randil cell dllapcd~ 1141 tt I~
hIting granutuityeN were tuwer than fr tiorimil mice. ;%til %uficikett deiree thrughow tile 111itn VCll inrtiunjl (11%
the perent I> nlhue>-to %ver itimrened a1uivc otirmalu M0e 10 1 0111t in defoct% ill thle repulmotirs 1114:1IIIN11% tit'

* ~~~~valtueN (ig, 4), The 0eldu of prenttuzl irniat itin till ui~ j1u%%
adult marrow zIk i'( tivut> (14!. 5) wrc %ilikir to) k~is 14.5 (etal liver %wau coecetd to rcileci rmiuiun

* . tose tl thle (CHI& and (;(I N( ' alctivity, Ont thle their tinaige Sinc thl: i>.5 itu-mu i- more than fw(Vt
* ~~hand, the irradiated adtult %plecit MIFU .(. 1 value.. t huit Ivntua Its active." ilni I11ulitiml tromt the

within nlormal valuco. anid were simiiltir to %plkect 11FChunormal Iieuimgra (llowti unr ltrua cx1~urc t i rrauia'l
*aoud GNiMCRC avtivik> but unlike C111141. activit). tion ould inditate tile dvgrec oif dauitte aatd the derec
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BIll-F[, and -'ntinucd high C TV-[; concentrations
YOUNG ADULT resolved the neonatal peripheral blood erythroc~ topenia

reflected iii the values ol' the 19 day-old mouse R BC
B ONE SPLEEN counts and I let percentages ([ig. 4). Prenatal radiation-

i~i M RROWinduced decreases in 19 day-old niouse medulla- and
spleen-derved 13IU-[. (T[L-E: and (NIM-C [ ~r
reflected in the 19 da -old peripheral blood %alues f"or
RB1C, tet, and WBC.

Our reported differences in vaILties of the hieniopoictic
progenitor cells derived f'rom mouse fetal liver and \ ouiig

* adulIt tissues f'ol lo%i ig, pre iat a Irraiation cx psu re are
- Isupported bik other investigators." The higlil prol il'ra-

tive fetal cells at da\ It) 13 of gestation did not appear to
w exhibit the sanme extent of' radiation damaige as the
Cz neonate, j uveile I, or adutlt cells. i In fact. the cx pre sion4

injury maN he delayed uint il a liter age. IDuLring nildstagi:
of in iie gestation (a stage of active orga nogenesi s \%~ heni

~100 rapid dev elopm ent Lof' t lehem topi t c i t i ccuLir-
NORMAL VALUES ring), the fectal tissuie., mai, expeirience radiation iur\ of'

a sufficient degree. Although cell damage maik be ran-
domfli distributed, cellto-cell interact ions.1 in thev iemla to-I. po~~~~~~ictic it cri eiv ironmntt ta reguiilate leiie opisI
maN be perma nent\ dlisruptedl. An exaitple of' thle latent
effects of' radiation iij Lirk, iiwi\ be t he hiighl~er inc idenlce In
h le onset of clild hood leu ke in ia I n chlId ren it Io hawe beeni

e~pxksed lit eet to raidiatiin .....

tR FERE NCKiS
1I Aggiti, \t C' , (iiuioi, N.., llrutt. \1 I Montoionii. 1-t Ite

10~1 p~ r t ici p.1tion it f plV I i l IAri inkc tim ivi i tiick: e itro.

DOSE (rod 1:50 100 150 50 100 150 Iia tfntoofaeIt Ph t, 41 / at 1#11 2., 1

AGE: 4-13 wks I lrr Jii~ .1 Vmb wmth~ iw iiioti ptiliil blood iltin

I" ig. S .AfF( F( vaus% -fictitill'Wia vloti kmuv.. with lornilig kiui Atmore' 229. 1 tti I .ttki, I Oni
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