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INTRODUCTION

Depleted uranium (DU) and heavy metal tungsten alloys (HMTA) are components of
battlefield munitions. DU was heavily used in the Persian Gulf War; HMTA are currently in use
in the form of the so-called "green bullet" and are being tested as surrogate metals for DU in
future anti-armor munitions. There is little information regarding the potential long-term health
effects of exposure to these compounds, especially in the case of embedded shrapnel injuries.
Two long-term health concerns are the carcinogenic potential of embedded DU and HMTA and
the effect of the metals on the immune system. This study is designed to assess the carcinogenic
and immunotoxic potential of DU and HMTA using the Fisher 344 rat model and standard
National Toxicology protocols for such studies. Responses to the test metals are being compared
to responses to tantalum, a biologically inert metal that serves as a negative control and nickel, a
know heavy metal toxin and carcinogen that serves as a positive control. This research addresses
the DOD effort to understand the potential health risks associated with DU and HMTA exposure
in order to develop appropriate medical treatment protocols for personnel wounded by fragments
of these metals.
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BODY

Statement of Work
This research is an assessment of the immunotoxic and carcinogenic potential of

embedded fragments of DU and HMTA in laboratory rats. Responses to these metals are
compared to the biologically inert metal, tantalum, and the carcinogen and heavy metal toxin,
nickel. For these experiments, rats are implanted with tantalum pellets alone (metal control
group), a mixture of DU and tantalum pellets (low DU group), DU pellets alone (high DU
group), a mixture of HMTA and tantalum pellets (low HMTA group), or HMTA pellets alone
(high HMTA group). There is also a non-surgical control group and a positive carcinogenesis
control group implanted with nickel pellets. Animals will be euthanized and various analyses
performed 1, 3, 6, 12, 18, and 24 months after implantation. Analyses include histopathological
examination and metal determinations as well as assessments of mutagenicity and cytogenicity.
A battery of immunological tests designed to assess both humoral and cell-mediated immunity,
as well as the innate immune response, will be conducted at 1, 3, 6, and 12 months. This four-
year study has the following milestones.

Year 1
"* implant 24 month animals
"* implant 18 month animals
"* implant 3 month animals
"* assess immune system function of 3 month animals
"* implant 6 month animals

Year 2
"* compile immunological data on 3 month animals
* necropsy, histopathology, mutagenicity, cytogenicity, and immune system

function assessment of 6 month animals
"* implant 12 month animals
"* necropsy, histopathology, mutagenicity, cytogenicity, and immune system

function assessment of 18 month animals
" compile experimental data on 6 month animals

Year 3
"* compile experimental data on 18 month animals
"* necropsy, histopathology, mutagenicity, cytogenicity, and immune system

function assessment of 24 month animals
" necropsy, histopathology, mutagenicity, cytogenicity, and immune system

function assessment of 12 month animals
"* implant 1 month animals
"* start compilation of experimental data on 24 month animals

Year 4
* finish compilation of experimental data on 24 month animals
* compile experimental data on 12 month animals
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"* assess immune system function of 1 month animals
"* compile immunological data on 1 month animals
"* analyze all data
"* provide final report

Progress to Date
This report summarizes accomplishments for the first year of this four-year study. The

project was delayed from starting for 2-3 months as a result of two procurement problems: one
with tungsten alloy pellets and the other with the NTP2000 diet required for our studies. The
tungsten pellet procurement problem arose because of our decision to choose a different vendor
than originally planned. The change, however, allowed us to obtain superior pellets at less cost,
but it also delayed our receiving them. Additional time was lost because of arranging the contract
required to obtain the NTP-2000 rat chow, a custom-order commodity.

The delays mean that we are just now undertaking the 3-month implantation surgeries,
and the 3-month immune assessments, both of which are first year milestones. However, because
we are adjusting future schedules to make up the lost time, we expect to meet or exceed all of our
current second year and later milestones. We therefore are not requesting a change in our future
milestones.

Accounting for the initial delays, the project is otherwise proceeding as planned. During
this year we successfully completed a number of important steps required for the project to
proceed. Our first step was to design a detailed calendar of events to guide us for the entire
project. This day-by-day four-year schedule includes dates for all routine animal monitoring
procedures, pellet implantation surgeries, animal euthanasia, assays of recovered tissues, and
histological examinations. The first year schedule is attached as Appendix 1. We also designed
and established a new animal surgery facility specifically for this project. We tested the facility
by performing a series of sham pellet implantation surgeries on rats. The surgeries allowed us to
standardize a new rat anesthesia system, improved surgical closure techniques, and new
approaches for post-operative pain alleviation and prevention of infection. We tested various
animal husbandry requirements recently introduced into our institute. We also tested a variety of
novel systems to identify the individual rats involved in the study, deciding ultimately on
traditional ear tagging.

The first delivery of rats for the studies was received in late February 2002, and we began
pellet implantation surgeries in March 2002. With periodic rat deliveries since then, we had by
the first anniversary of the project (mid September 2002), received approximately 300 rats into
the study (of the 675 that will ultimately be required). Most of the rats that we have received
have undergone pellet implantation surgery, with others serving as sham-surgical controls, non-
surgical controls, and test and back-up animals. The pellet-implanted rats received various
numbers and combinations of metal pellets as dictated by our protocols and timelines. For the
DU and HMTA carcinogenicity part of the project, we implanted the 6-, 12-, and 24-month
tantalum control groups (36 rats total), the 6-, 12-, and 24-month low DU groups (36 rats total),
the 6-, 12-, and 24-month high DU groups (36 rats total), the 6-, 12-, and 24-month low tungsten
alloy groups (36 rats total), the 6-, 12-, and 24-month high tungsten alloy groups (36 rats total),
and the 6-, 12-, and 24-month nickel pellet groups (36 rats total). For the DU and HMTA
immunotoxicity part of the project, we completed the 6- and 12-month tantalum control group
(10 rats), the 12-month low DU group (10 rats), and the 12-month high DU group (10 rats).
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All rats have been closely monitored from the time they arrived at the Institute.
Monitoring includes weekly body weight measurements, routine handling of the animals to
reduce stress during manipulations, and basic assessments of health. We have experienced no
losses of animals because of surgery or post-surgical complications.

In parallel with the animal surgeries, we have initiated testing and standardization of our
inductively coupled plasma mass spectrometer (ICPMS) instrument for the various metal
measurements required for this study. Metals to be measured are uranium (including constituent
uranium isotopes), tantalum, tungsten, nickel, and cobalt. We have prior, extensive experience
with uranium measurements. Sensitive measurement of metal distributions to tissues is an
integral part of validating any abnormalities that we might see in the pellet-implanted rats.

To summarize, even though the planned initiation of our experiments was delayed by
several months, the project is proceeding as planned. We expect that the lost months will be
made up by the end of year two. Experimental methods to be used have been tested and
standardized. We have encountered no experimental problems to date that require modification
of our original plans and goals.

KEY RESEARCH ACCOMPLISHMENTS

Our accomplishment for the first year is initiating the project. The study will not begin to
produce any reportable experimental results until the second and third year of the project.

REPORTABLE OUTCOMES

None to date

CONCLUSIONS

None to date. This report summarizes the first year of the project. During this period, we
have been involved primarily in starting experiments that will begin generating results beginning
the second year of the project.

REFERENCES

None
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APPENDICES

Appendix 1: Detailed Project Schedule for Year One (Attached)
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Appendix I: Detailed Project Schedule for Year One
Miller: DAMD17-01-1-0821
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