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Introduction 

The chemical properties of depleted uranium (DU) render the metal well suited for 
military purposes. The U. S. Army utilizes DU for tank armor and in munitions, and has 
deployed such weapons in the Gulf War, in Kosovo, and in Iraq. Use of the metal in 
future military arenas is a virtual certainty, but knowledge of its toxicity is lacking. Gulf 
War veterans who retained fragments of DU shrapnel over several years have exhibited 
lowered performance on neurocognitive tests (1). Moreover, research in chronically 
exposed rats has indicated alterations in hippocampal synaptic transmission, suggesting 
DU-induced decreases in neuronal excitability (2). This research proposal will therefore 
test the overall hypothesis that chronic exposure to DU impairs neuronal processes 
underlying cognitive function via alterations induced at hippocampal glutamatergic 
synapses that directly modulate Cd^^-mediated cellular processes. Glutamatergic 
fiinction will be assessed in rats exposed up to 12 months via intramuscular implants of 
varying amounts of DU pellets in order to identify the bases for the impaired cognition 
and diminished neuronal excitability. Components of depolarization-evoked glutamate 
release will be measured in the presence of acute in vitro or after extended in vivo 
exposure to the metal (Technical Objective 2). Determination of the actions of uranium 
on NMDA and AMP A receptors v^U be performed via approaches employing analogous 
in vitro and in vivo exposures (Technical Objective 3). Other studies will determine the 
concentrations of DU produced in blood and brain tissue as a result of exposure 
(Technical Objective 1). These resuhs will be of critical importance to U. S. armed 
forces in defining risk and establishing treatment modalities for DU exposures sustained 
in recent conflicts and in future battlefield situations. 

Body 

As prescribed in the approved Statement of Work, project activities in year 1 addressed 
Technical Objectives 1 and 2. A description of these efforts and the resulting progress 
toward each Objective is provided below. 

Technical Objective 1 concerned establishment of the chronic DU exposure protocol. 
Rats of approximately 60 days of age were exposed to 0 (controls), 300, or 600 mg DU 
by implantation of 30-mg pellets in the gastrocnemius muscles of their hindlimbs. 
Animals were anesthetized after exposure periods of 1, 3,6, or 12 months (N = 
6/group/time period), and 1 ml of blood collected by cardiac puncture and placed into 
heparinized tubes. The rats were then sacrificed and hippocampal brain tissue (-125 mg) 
dissected and weighed. At this point in time 85% of the study animals have been 
implanted with DU pellets, and blood and tissue samples have been collected from half 
(N = 3 of the 6 total) of the rats at the 1,3, and 6 month durations. In year 2 samples will 
be submitted for neutron activation analysis performed by Element Analysis Corp. 
(Lexington, KY) in two cohorts equally representing all exposure groups and durations. 
This marmer of sample submission was determined to be economical and statistically 
reliable. Attaiimient of Technical Objective 1 will be completed in year 2 of the project. 



Technical Objective 2 concerned definition of the integrity of hippocampal glutamate 
release as a result of acute or chronic uranium exposure. In order to conduct the acute 
exposure studies a superfusion procedure was established that permitted measurement of 
endogenous glutamate and GAB A release from hippocampal synaptosomes. A 10 mM 
HEPES buffer (containing in mM: Na^ 133.2, K^ 1, Mg""^ 1, PO^ 1-2, Ca^^ 1.3, sucrose 
10) saturated with O2/CO2 (95/5) and maintained at pH 7.4 was perfused at a rate of 0.6 
ml/min through a 200 ^il superfusion chamber containing 1 mg synaptosomal protein 
resting on a glass fiber filter. Release was stimulated with a 2-min perfusion of 31 mM 
K"^ (replacing Na"^ to maintain isotonicity) containing the glutamate reuptake blocker, 3- 
r^reo-hydroxyaspartate. Alternatively, Ca'^^-independent release is evoked by perfiising 
with high K^ in Ca^^-fi-ee buffer containing a voltage-sensitive Ca^^ channel blocker 
methoxyverapamil. An aliquot of each 2-min fraction of superfiisate is derivatized with 
6-aminoquinolyl-N-hydroxysuccinimidyl carbamate, and quantified by binary gradient 
liquid chromatography using a Waters' Breeze chromatography system (Waters Corp., 
Milford, MA) and fluorescence detection (excitation 250 nm, emission 395 nm). While it 
is more common to measure synaptosomal glutamate/GAB A release employing H- 
amino acids that are loaded into synaptosomes and then released by high K"^ stimulation, 
it is generally accepted that this form of release may not be drawn from the same 
intracellular pools as release of the endogenous transmitter. However, endogenous 
release is more analytically difficuh to detect because of the small concentrations 
involved. The superfusion-liquid chromatography system described above possesses 
sufficient sensitivity to measure these latter concentrations. 

Figure 1 displays a typical K'^-stimulated glutamate release from hippocampal 
synaptosomes using the system described above, exhibiting a ~ 15-fold increase in total 
(Ca -dependent + Ca^^-independent) release over baseline concentrations (each point is 
mean + SEM of 4 replications). Also shown is the response to high K"^ occurring in the 
absence of Ca"^^ in the perfusion medium (2 replications). It can be seen that this latter 
response constitutes 25-30% of the increase observed in the presence of Ca"^. These 
distinctions in components of release have been fruitful in distinguishing the actions of 
exposure to other metals such as lead (3-4). Figure 2 displays endogenous GABA release 
in response to high K"^ stimulation, exhibiting ~7-fold increase in total release over 
baseline concentrations (6 replications). Experiments utilizing acute exposure to varying 
concentrations of uranyl ion in the perfusion medixmi are underway at this time. 
Analogous studies will be performed utilizing Pb"^^ to serve as a positive control and to 
validate the sensitivity of the superfusion-chromatography system. These experiments 
will be completed in year 2 of the project. 

Analogous experiments will be performed in vivo employing intracerebral microdialysis 
to quantify the changes in hippocampal glutamate/GAB A release occurring after a 
chronic exposure period of 12 months. These experiments have been initiated with 
implantation of DU pellets in 65% of the study animals. These experiments will continue 
during year 2 of the project. 

Despite the above project accomplishments, problems have been encountered that have 
significantly hindered fiirther progress. Completion of the recruitment of a Chinese 
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postdoctoral research associate has been delayed indefinitely by visa approval 
procedures. Currently, the candidate's H-IB application is awaiting clearance by the 
State Department in Washington, D.C. with no indication when approval will be 
forthcoming. Additional fees were paid to expedite the visa review procedures, but the 
process has been ongoing since the fall of 2002 with the candidate's application under 
State Department review since late February. A Bachelor's degree laboratory technician 
has been hired to temporarily replace the postdoctoral person, but this cannot compensate 
for the loss of professional skills and expertise. 

Other problems have been directly associated with the acquisition and use of uranium. 
DU pellets are produced by vendors on a custom order basis and have required 3-5 
months to be filled. The initial supply of pellets was ordered 6 weeks before the project 
start date of April 1,2002, but was not delivered until July, thus causing an initial project 
delay. Also, to this point the DU product has varied greatly in price and finished quality. 
More recently, determination of acceptable disposal procedures for dilute uranium salt- 
containing solutions - such as are used in the acute exposure experiments - has posed 
significant problems. At this point in time it has not been determined whether these 
solutions can be flushed into tiie standard sewer system with appropriate monitoring, or 
whether they will have be shipped to a landfill as hazardous waste at considerable 
expense. The presence of acetonitrile in the chromatography system effluent further 
complicates the problem. 

Key Research Accomplishments 

Considerable effort has been invested to optimize the use of the superfusion- 
chromatography system for determination of endogenous synaptosomal glutamate and 
GABA release. These procedures will permit the most precise and reliable determination 
of the effects of acute exposure to uranyl ion on hippocampal transmitter release, 
experiments that are now underway. 

Also, a surgical procedure for DU pellet implants has been developed that is efficient and 
reproducible, and has now been utilized in almost 100 rats. The efficiency of these 
procedures has resulted in recovery of >90% of the DU pellets after sacrifice of the 
animals, permitting disposal of the metal in a properly controlled fashion. 

Reportable Outcomes 

None at this time 

Conclusions 

Summaries of the results and statements of their importance as a scientific product are 
included in the preceding sections Key Research Accomplishments and also in Body. 
No conclusions on the effects of uranyl ion on neurotransmitter release can be stated at 
this time. The chronic DU exposure protocol will be established by analytical 
determinations to be conducted in the coming months. 
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