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EVALUATIONOFTBEHEALTHRTSKSOFEMBEDDED 
ON PREGNANCY AND OFFSPRING DEVELOPMENT 

Introduction 

Our laboratory is currently assessing the toxichy of embedded depleted uranium on the female rat. 
This research is intended to answer questions that have arisen following Operation Desert Storm. During 
this conflict a number ofU.S. military personnel were wounded by depleted uranium fragments.   Many of 
mesefi^gmentswerenotremovedbecausetheremovalprocedurewouldproduceexcessivetissuedamage. 

Uranium bioassays taken over a year after injury indicate that uranium was present in the urine well in 
excess of natural background, up to 30 ugU/1 of urine. While no female soldiers currently have depleted 
uranium injuries, military roles are changing significantly and the female soldier now plays a vital part 
in many combat scenarios and the potential exists for future DU injuries in the female soldiers. 

Althoughthetoxirity ofembedded depleteduraniuroisuriknow^iMmerousstudiesbaveaddr^sed 
the consequences of inhalation, ingestionand parenteral administration of other forms of uranium. 
Uranium circulates in the blood as the uranyl ion, forming uranium-carbonate and uranium-albumin 
complexes. As the uranium-carbonate complex passes through the kidney, it is filtered rapidly by the 
glomeruli where 60%-S0% of absorbeduraniumis excreted inthefirst 24 hours after acute exposure. The 
uranium that is not excreted is reabsorbed by the proximal tubules where it produces significant toxic 
effects. Uranium also enters thebone, where it competes with calcium to form complexes with phosphate 
ions thus becoming part ofthe bone matrix. This bone matrix then serves as both a long-and short-term 
storage site from which uranium has been shown to be slowly released back into circulation. The liver, 
muscle, and kidney are other major sites of uranium deposition, with a possible long-term storage 
mechanism in the kidney. 

Acute morphological and biochemical changes ofthe kidney result from uranium exposure. Changes 
in the glomerular epithelium, and cellular necrosis in the proximal tubules near the corucomedullary 
junction ofthe kidney have been reported in experimental animals after acute uranium exposure. In 
addition, polyuria, enzymuria, glucosuria, and increased excretion of amino acids have been reported. 
Acute renal failure can occur following exposure to high doses of uranium. 

In utero exposure to uranium has recently been shown to produce both fetal and developmental 
toxicity For example, administration (s.c.) of uranium in the form of uranyl acetate dihydrate (0.5-2.0 
mg/kg/d) to gravid (pregnant) mice from gestational days (GD) 6-15 leads to significant decreases m both 
maternal weight gain and fetal body weights at GD 18. Soft tissue and skeletal examination ofthe fetuses 
also revealed a significant increase in the occurrence of renal hypopJasia in all uranium-treated groups. 
Skeletal anomalies in these mice included bipartite stemebrae, dorsal hyperkyphosis, and incomplete 
ossification of several bones. Similar skeletal malformations were also seen following daily oral 
administration of uranyl acetate dihydrate (5-50 mg/kg/d) in gravid mice during the same period of 

gestation. 

While the above results examined the effects of uranium on prenatal development, several studies 
have been conducted to evaluate the effects of uranium on postnatal development (from birth to age 21 
days). Significant decreases in body weight and body length in the offspring of mice treated with 25 

1 
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opening were unaffected. 
■   u^      *-,« or olacentae were not measured many of these 

fetalanddevelopmentaUoxicitystu.Jae,. fr0^*™*^^ though little work has been done to 
£££. important to know the», utero ^^^^ianatonncal differences between 
examine the cVoss-placental transfer ^^T^^SSZ has been shown between the anatomtc 
SentplacenU^^^ *«**■»* 
classification of the placenta and the <«* 9?™^ ^eventing many toxicological insults to the 
orimates, the placenta may act as a ^ner Jrom^or PJ^^       ad^steced intravenous y to 

££ä<» of uvamum than did tto «Mt bons. 

become pregnant and carry her fitter to term. 

Kidney Toxicity and Uranium Distribution 
Materials and Methods 

DepletedUraniuinana !»«»»»■ -■        - ft™ «hg r>ak Ridge National Laboratories, v*ut 
uraninmpele^ r^d*^^ 
BidgftTN. Th*topd!*(l«»*^™J^ thedepteteduraniumandtantalum 
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n   ^     ,   •m:ninaO 5-ml bolus, using a 25-gauge 
cambMonv.ü.xytatohydn.^on^^^^^ Pettete were implied b e*=h 

of the needle and into the rat muscle. 

j,       *,„*„«*1inthis study- 32 tartalum pellets, 16 depleted 
Dose.SbcdoSeS,witb8anim^ 

uran^peUetsandl6tan«^ 

surgery rats surgeiy la«. 

"Z impfen „m — -fl- t^'SlSÄTÄü^minaHBdgl^r^oÄer 

UrmesanipleswerecoUertedbyhousing^tsniffi      Tte^^^8odälMtrftoiheiüelaboBc 
xlZcmHgh^heretheybadcont^^ 
cagesbeforethestudybeganbecausenaiveexposureto^e^smgp 

tin» in the animals and to increase the toxuaty °^u?^di        ^^^h^recorded. Ratsinthe 
A24-bourur*ecottecu^ Care was taken to prevent 

preliminary study produced 10-20 ml urme in a 2^ hou^ampbngp ^ ^^       ^ 

Lntaminationof me urine whh food J^^J^SSSboEo cages were disinfected and 
and stored in plastic v*«™^ "S^S^L^o^ periods, overt signs of behavioral 
decontaminated between each animal use uunng™ 
Ldcity and the overall appearance of the rats was noted. 

^■j      *T.   Minn M^e^?uieraentrfunnevolunieandosnTolarity7uiine 

^^^^^^S£SS. ^Cdtvels of glucose, urea, and creative 
levels ofNAG, UDH, glucose, total V*^*™*^™* JV. urine was meaSUred with a vapor pressure 
were used as indicators of kidney f^°* °^^ 
OSmon^(mcrfel5lOO^Wes^ 
serum and urine levels of creatmme *»«^andure* J^ ™Ptivi^ofNAGwas„ieasuredby the 
bmdingassayCCoomassieBlue,^ „ the fluorescent 
methods of Tucker et «L ^S^^^^^S^nm). The dilution ofthe urine for 
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Results 

m d* * ***-*- -«*J£tV tad n„ e*ct re. th* »re» outpre » a» 

^.gÄd^no^gnifio^^r^^^^^^^^^^ulated fore the equatorel 

r -T]«V/P where C,iscreabmive clearance, u.isuru»»:» 
the urine volume. 

*T    J      *~« wpi, 0f the urine are alLunaffected by the 
Figures 13-15 show flirt osmolarity, pH and protein levels of the unn 

depleted uranium pellets. 

fa the Iddn^fonowing 84 days of the implanted DU pellets. 

Uranium Distribution emYVWedat the completion ofthe 84 days ofpellet implantation are 
Uranium levels in the tissues removeda^?^^ were detected in all ofthe tissues analyzed, 

presented in Figures 16-28^ MeasurablelevekatogmmJJ*^ compared tQ ^ t   ,al 

These numbers are cunently bemg ^^^^Xels in the urine collected on days 14 28, 
a- and alsofor a ^respon^r^^^^^ on day 84, are all currently being 
42 S6 70 and 84 post-implantatum, as weu as me m 
analysed using the KPA analysis. 

Conclusions 
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■ •       •     -i ;«the kidnev tubules. NAG is a lysosomal enzyme 
sensinveno^vasivemark^ 
found in proximal renal tubule cdk ^^^ ^easrffoUav^guranium exposure. In our study 

nNercher ofttese enzymes were signficantly altered Dy in 

tubules of the animals' kidneys. tubules olineanHu««  ~ ■>- 

physical tataSrs of rend fintction. For «^J^^Sy ci> reflect the ability of the 

M4™y fo -«---äS^Si^SS---«. * «r study indicate that rena. 

A smal, concentration f ^JÄE^nÄpTSSÄ 
protein could result either ftom gtomenfcr leafage«^^T^. a!pa^e!ta found no alteration* 

Seared by the depeleted uranium taplantatums 

is exceeded. Ms can occur v«h *W«*«»» "T£ distinguish between these two poasibiUt.es. 

S"taTS£ WnT=nt increases found in the piasma. 

data, along vrith «he lack of any noted ta^«^^™SS0 Bfe, axvCureandfoncuoning, 
^Sous ^periments have ^^^f^^^ ^esTadversely affect the kidney. 
Sarium «iosure to female rats to» "^^ddSj ZoTrSceed the level set by «he Nuclear 
This is despite the fact that ur»num levels in fte tadMj^T^ ^ due to uranium certainly 
Regulatroy Commission forJ^

df^^^°fd^TtS uniqueness of several aspects 

of our esperimental design. The ctermcdtorn. £^ „„„ <rf „dmin.strat.on, chrome 

the renal toxicity often seen with acute exposures. 

..    ■     J .  u i^ fo™ cumrises eiven the data that was obtained within the 
The uranium tf^uUon^^^ 

institute by Dr. Terry PeHmar. T^wr^J^f°^^owveiy high levels of uranium in the kidney, 
ftomfemalerate. The female rats, as with the male rats, show very mgn 
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i    rnrimal to theDU pellets location. The results of this study led to fte selection 

Initial Data on Litter Effects and Uranium Distribution 

Materials and Methods 

™£^z^*™?»^^tedfaordertokeep slze 
SpSS approximately equal b all surgery rats. 

^^T^ueCoUection. ^^^^^^^^^^ 
femalesmeachmale'scage. ^^Ä^SiÄ^ FromGDO 
cashing. Atthi.timethefernaleswereremov^from^ 

until GD 20, pregnant rats were ^^jS pellets. On GD 20, the dams were 
parameters were used as measures of maternal ^^d'dAe uterine horns removed. Fetuses were 
Lhanized. Dams were immediately ^^^^d^^^ were exammed for any 
dissected out, and all me placen^ 
resorption sites, ^^^^l^of lologi^ effects.  All offspring of the 
viable fetuses, (3) sex ratio, ^£) ^y ^ 

analyzed for uranium content. 

Results 

.    rfTitf,rEffeCtSTablesland2presentthedataonmeeffe^ofmeDUlevdson 
Maternal and Lrtter ^^..^ " Xre^ppears to be no effect of the DU on maternal 

maternal and litter parameters. From these data^ there^PPe „pregoancy.aiidtime-to-pregnancy. 
parameterssuchas: ^^^^r^^^^^X^r^es^U^^t 
Furthennore,meutterparame^^ 

exS^lor any overt signs of teratology, and none were noted. 

UrflninmDistrrr ^=^^^^^^ 
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a dose-response relationship as determined t>y a 

Conclusions 

A      „mniwe effect on uranium levels in the 

study, is stated in the section below. 

Effeöofrtae*o^^ 
Pregnant Rats rreg»»»" *•**— .. . 

storfdrero^fattefe^etttpnorwb.eed«"^SSUly^htonorimphntedn^^s. 

£. FeW* dtfa tadi^e tta. * «S^Cft it SL determined fta. a study be 

A,oupof™^^ 
raithere^vas anon-surgery cotTtrol ^^.^^^or to breeding: 2,4,6 or 8 monfcs. Unne 
onthelen^tftimethep^etswo^ lg   ^ysi5oftiüSurineinchcated, as 
wascoüectedfromfceserat^^^^ 

whole feu» fetal kidney, fetal Uver ^^^L^ m the laboratory and will follow the sarnc 
uranium content. The 8 month group is ^^^ ^^ ^ carrying to term 0f the 
procedure. While the use of ^»f^oTfaay h*ve int ^ ^^       m ^ 
Pregnancy, this does not appear to^^l^2S^to«»^»l^Mi-«-.-fll 

Current Status Current Status 

The^fo^sta^ 
period. Theserate wülbeimplanl^wththeDUdo^of 4^ ^^ fromthe ^y^ of the 

L pellets ™H remain in the *m^^^ swdyvisir^lhehighdoseofDUandtimepenodsotZ^^,^ 
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i.would.pp^.hat.h.f^.hauldbe^^.rf ^f^b.e to allow die lev* to stabil*, 
„f uranium to incrcr.se ».Am **^ *™a^X^/fhis point the repronuctivecap.bilit.es of 
Previous date indicate that thismay «ke '^"^^»uUtionofbreedingthenffl 1-2 weeks post- 

the uranium itself, as could be misinteipreted. 

andthestudiesinvolvedind«^^ 
pellets needed to complete the Judy. A***pettets mthe ,™£toti oan only be obtained from 
and all that remains are the pellets needed f*^J^^* J^v firm to machine the pellets to our 
one source, and they in turn contact out the «*^°J£™ ™      and very consistently from 
desired specifications. These people xvere contacted *d^**2™ Dörfer for these pellets has 
^time^Thesi^ 

»centered i*° tire sy^^ 

abnormalities and this data analyzed. 

remaining issues »diät of technical support ^talB^™„",T™„raamontll  The technician 
sufferJ several months ago and «ill have f ^^^.»re^oTlSel» anX Jacken 

supported by to project has left £-^^^££2.13-— requires no training. 

unforeseeable events that I have outlined above. 
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Figure  1 

Bodyweight Following DU Pellet Implantation 
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Figure 2 

Urine Output Following DU Pellet Implantation 
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Figure  3 

Serum Potassium Levels in Female Rats 
serum ^p|anted W-lth DU Pellets 
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Figure  4 

Serum Urea Nitrogen Levels in Female Rats 
Implanted With DU Pellets 
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Figure  5 
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Serum Glucose Levels in Female Rats 
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Figure  6 

Serum Creatinine Levels jn Female Rats 
Implanted With DU Pellets 
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Figure  7 

Urinarv Urea Nitrogen Levels in Female Rats Urinary ^ |ante§ With DU pellets 
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Figure   8 

Urinarv Glucose Levels in Female Rats 
implanted With DU Pellets 
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Figure   9 

Urinary Creatinine Levels in Female Rats 
Implanted With DU Pellets 
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Figure  11 

LDHin Urine Following DU Pellet Implantation 
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Figure   12 

NAG in Urine Following DU Pellet Implantation 
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Figure  13 

Osmolarity of Urine Following DU Pellet Implantation 
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Figure  14 

pH of Urine Following DU Pellet Implantation 
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Figure  15 

Protein in Urine Following DU Pellet Implantation 
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Figure  16 

Uranium Levels in the Kidney 
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Figure  17 

Uranium Levels in the Liver 
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Figure  18 

Uranium Levels in the Femur 
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Figure  19 

Uranium Levels in the Spleen 
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Figure  2 0 

Uranium Levels in the Cerebrum 
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Figure  21 

Uranium Levels in the Cerebellum 
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Figure  22 

Uranium Levels in the Ovaries 
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Figure  23 

Uranium Levels in Muscle Proximal to Pellets 
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Figure  24 

Uranium Levels in the Muscle Distal to the Pellets 
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