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ABSTRACT 

«etfuelexposur^ 
adversely affecting their work performance bu also.byPr™ ?P     *    Q^ apomK t0 jet 
iacidences of infectious disease ^^tZtTto. on ^0^ emotional dysfunction, to 
fuel has been shown to adversely affect human liver tunctro„o_c 
cause abnormal electroencephalograms,» cau^horten^d".££„,„ jet Ms of „y 
sensorimotor speed. Current^, there are no standards> foP^"** e P ^ ^ 
kind, let alone JP-8 jet fuel Kerosene based petroleum d^ «es wve tional 

hepatic, renal, neurologic and ,<k«W ^0rT«to estimates that over 1.3 
exposures. The U.S. D"*^.*^"^^et fuel exposure may not only have 
„fflion workers were ^^gSfg^Z,, potential harmfid effects upon a 
serious consequences for USAF personnel, oui a j        K ure „„ses lung 
significant number of civilian workers. Short-term VW£*g ™°L^^to lavage 

^ as evidenced by^£^^\5£Ä <««•* """«,   • 

fn^to seLdary organs such as liver, kidneys and spleen. 

Wehaveobse-vedthat^ 
concentrations (100-500 mg/m ) of JP-8 jet fuel resultsmp „covered from 
the immune system. Organ weights (spleen andthymu^a„dtma£U» ^ 
each of the major immune system organs (spl een**™^ ^ ™°   ' revealed that T cell 
peripheral blood) were significantly reduced. H?» *»£™£*ses £        lations in these 

populations were lost with significant increases in 'f ^^„Xction (as measured by 
organs. JP-8 exposure resulted in a sigmfic^t *^«££™Z addition of 
prohferative assays) of the residualcells which^could not *= o«rco      y d 

Lgenous immune ^^.^Ä^Ü WUer (NK) eel. 
inflammatory response. Furth*, f ;8 ^fXcrivity and cytotoxic T lymphocyte (CTL) 

ÄÄSÄÜSÄ*bt*'w*,,d*'1 
cells had been affected by the exposures. 

Mi« exposed to . 7 day JP-8 Jet fuel exposure ^» » ^Ä'wtthiu 

immUnealterationsobserve* Although^^ÄS^—««»o* 
a week of cessation of exposure, up to one month ™* ^? <° ™"™      „^ lyraph 
„umbers to baseline levels in the spleen and thymus. CelUumbers in thbone£        . W^ 

„odes and V^%£™£ ^Ä mÄo«r to formal levels. Thus, 

alterations. 
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Interestingly treatment of the mice with the neuropeptide substance P (1 uM 15 minutes) 

made the effects of JP-8 exposure even worse. 

2ÄÄT£Ä3£iS* «-^In *e second -*• rrof 
r^ZLance P IS minu.es prior ,o JP-8 «posure was as eff^ »J~| £» 
immunotoxicological effects of JP-8 jet fuel as admmistenng substance P aft er the JP-I exposure 
pTod  Swdies ire currently underway to identify the active components/metaboutes of 
substance P responsible for the protective effects. 

Thi« exoosure of individuals to JP-8 jet fuel may result in increased risk of infectious 
Thus, exposure oil"™™u However it may be possible to reverse or prevent many 

ofXrefStC" 
Ä uXTsL the potential consequences of immune ftinction -"-"^P^ 
to the short-term and long-term health and well-being of exposed personnel. The results obtained 
£ *ei s°ud!e™hould ha« significant implications for the health, well-bemg and medical 
treatment of JP-8 exposed individuals. 
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OBJECTIVES/STATEMENT OF WOKK: 
The Specific Ain.sofheg.n.forVcarO.w.easfoHowsOnCud^.h.co^on of 

portions of Specific Aims #1 and #2). 
c     T   Ahn« .Efree..fSubS«,neeP(SP)Adm,nis,r.tion,nPro«ee«ianFr.m»nd 

b SP concentration response 

«e^e^e^ 
a change in priorities after our annual AFOSR W 5jetw ^      bMn 

rr-pÄdlSdrepetUionhaabeenp.anned). 

™  ♦  f TP « FxDosure on the Development and/or Progession of 

A Effects in a cancer system model 
a.B16 melanoma/metastasis model 

i. on tumor development 
ii on tumor progression 

B. Effects in an infectious disease system model 
a influenza model 

C Effects in an autoimmunity system model 

a. MRL-lpr/lpr and NZB models 

„„„Qi AFOSR JP-8 iet fuel conference this specific 

jet fuel. 
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STATUS OF EFFORT: 

JP.8 je. fuel, making use of murme ammal modek Ou^expe Ecological effects m the 
immu„e system may be the most sensravemi cator (and pro,.__ a profound and 

exposed individual. Short-tern., low-»"^~rS
P(Lnune organ weights, immune cell 

significant alteration in many ^""X^Sitor cell mechanisms, and helper and 
"UmbCTS- TS2TÄ»t»- - exp-ore the mechanism of the pro.ect.ve 
£" I^cTÄistration on JP-S-induced immunotox,c,ty. 

The wor, from this grant has resulted in ^J*ÄÄ"^" 

m^mizing experimental outcome* white m.nm,z.ng ammal use. 

manifestations. 

ACCOMPLISHMENTS/NEW FINDINGS: 

During .he pas. «hr« years of experimentttion ^££*££ were expos=d to 

iramunotoxicological effects ofTO fue «g^j^^Urf JP-8 jet fuel for a period 
varying concentrations (Cher 500, l^W   > was    rformed ^ nose. 
of 7 days with an exposure penod of I hourv« «*&      £ ,oading tubes. The tubes were 
orJy presentation while the ammals were^held ■"*££   ^mmQn a„odized alurninum 

„ose cone fitted to ««^.«"^"^S* <o minimize Ingestion of je. fuel dunng self 
exposure chamber. Nose only ^™ ™.T^'   h the n adapter positions on the 
grooming. Animals were rotated on »^^'Sp^mity to the jet fuel source as a 
Exposure chamber. This rotauon was done to numm« p o   J        ^ ^ detOT»ned by a 
variable in exposure concentrabon orxcfP«^ ^ re (U). 24 hours after the 
seven stage cascade impactor, and ™™J™™j£,changes in immune system 
las, exposure the animals were «"*^"T£o°    svsfems (i.e., spleen, thymus, lymph 
composition and function. The major '^"""^T "Sn Jfor changes in organ weight, total 
„ode's, blood aod bone marrow) were recover* n*«™«S^I staining), and lymphocyte 
cell numbers, immune cell components *ydtffaen, al tas.o ^ ^ ^      changes ,„ 

subpopulations by flow ^^"^f^^llZthe animals were administered an 
immune function in these organs. In *°me «P«™**<»•       luM)forl5 minutes immed,a.ely 
aerosolized concentration of the »*^ » ^ the effects of JP-8 exposure. 
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two manuscripts m preparation, <mu 

manuscripts for complete details). 

thymus). 

as 100 mg/m3 (thymus only). 

effects tfJM^S^yÄ-i» exposures of 2500 mg/m' are 

relevant. 
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ILoJW To« * "-^SÄSffl^. weights of spieen and 
8 Sh0A^aSZ«Jm>:Z aithough «~ overcompensation occuts » .he 

thymus. 

recover more quickly. 

system to recover (4 weeks or longer). 

u ,♦ ♦.«, n dmA exoosures are reversible (although not 

have long-lasting effects on the immune system. 

,>   .   *•    r~nm TP 8 Tpt Fuel Induced Immunotoxicity by 
Manuscript«(Harriset;A*«*»*±'»^M£"' lstria.Health 13(4), 1997). 
Adminstration of A«rosol,«d Sub tan«^P, Toxo*Ry ^      ented by 

M. Concentration, of substance P as tow as. nM have significant protective effects against 1P-S 

induced immune system effects. 

,5. The effects of JP-8 exposure on the immune system are made worse hv administration of 

substance P inhibitors. 
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IfSÄÜÄTth. complete loss of na.ura. falter (NK) ce.1 action, whichis Jong- 
lasting and results in the inability to give rise to lymphokme-act.vated falter (LAK) cell 

activity. 

17. JP-8 exposure results in the complete loss of cytotoxic T lymphocyte (CTL) function. 

18 JP-8 exposure results in the significant suppression of the ability of precursor T cells to give 
rise to lymphokine producing T cells (i.e., helper T cells). 

19. JP-8 exposure results in the significant suppression of the ability of precursor T cells to give 
rise to cytotoxic T cells (i.e., CTL). 

some ability to compensate for the damage inflicted upon it by JP-8, although not m it. 

entirety. 

S1Ä ^methave indicated that exposure of mice to JP-8+100 jet fuel is just as 
'      detrimental as exposure to standard JP-8 jet fuel in terms of its effects on the immune 

system. Experiments are also currently underway to examine the effects of exposure to a 
synthetic JP-8 jet fuel blend (hydrocarbons only). 

^pSn'ary AeVmonstfated tha, injection of mice with substance F 15 mmutes prior 
to JP-8 jet fuel exposure is just as effective at protecting the .mmune system from the 
detrimental effects of JP-8 jet fuel exposure as administration post-exposure^ Experiments 
are underway to determine the length of time prior to JP-8 exposure that substance P can 
be given, and to indentify the active components/metablites of substance P responsible for 
its protective actions. 

From the experiments that have been performed to date it appears that the immune system 
is a sensitive indicator of toxicological damage (both to the immune system as well as to other 
physiological systems) incurred by the individual due to JP-8 jet fuel exposure  The results 
sunTariLd above (and the reprints/preprints that are included ^^«^S^Ls 
that exposure to JP-8 jet fuel, even at low concentrations and even for short periods of time, has 
significant and profound effects on the immune system. JP-8 should be constdered a significant 
irnmunotoxicant. It would be expected that such changes in .mmunocompetenc^tha\,ha^e^ 
observed after JP-8 exposure would have significant effects on the exposed individual s health and 
may adversely affect his/her susceptibility to infectious disease, as well as possibly the 
development and/or progression of cancer and autoimmune disease. 
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3. Transitions 

None to date  However, the Air Force has shown considerable interest (i.e., Wnght 
Patterson Labs) with regard to the potential effects of JP-8 exposure on human personnel, as well 
as the actions of substance P in protecting from any immunotoxicological effects. The joint 
US/Norway cooperative has also expressed considerable interest in these findings and have 
received copies of all data and manuscripts. 

PATENTS/INVENTIONS: 

A patent application entitled "Substance P for Treatment of Immunosuppression" was 
filed with the United States Patent Office in July 1996. In July 1997 the patent was amended to 
be a worldwide patent. The patent originated from work performed on our An^Force> Office of 
Scientific Research sponsored grant entitled, "Immunotoxicology of Exposure to JP-8 Jet Fuel . 
The patent, as well as our grant work, has been performed in conjunction with Dr. Mark Witten 
(Dept of Pediatrics, University of Arizona). Because of the laws involving public disclosure 
during the patent process, we have been slightly delayed in some of our publications related to 
substance P  However, as we are now in discussions with several pharmaceutical companies 
regarding this discovery, this issue should be shortly resolved. This discovery may have 
significant clinical benefits in terms of boosting the immune systems of individuals that are 
immunocompromised (e.g., AIDS patients, cancer patients, aged individuals, etc.), as well as been 
of benefit to those exposed to environmental toxicants (e.g., hydrocarbons, cigarette smoke, etc.). 
Further, we are now in discussions with another pharmaceutical company with regard to licensing 

for effects on cognitive functions. 

10 
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