£0ny}, significanily lowered givtatdvone (GSH) levels in fiver cell cultires,
These results indicate that oxidative injury may play 2 role in AAS ioxicity.
in arder o determine if oxidative damage is involved in the injury process,
elevativns i mulondialdehyde {MDA) (an indicator of oxidative durmape},
protection due o increased GAH, and cetlotar morphology were determined
in cell culigres established from adult male Sprague-Dawley rats, Cultores
wete reated with 100 1M Met or Oxy and evaisatéd for ime pesiods ranging
from 10 min te 13 br, Lactate dehydrogenase {LDH) release was measured
o correinte celf death with MDA production. MDA production was measured
using o thisharbituric acid reactive substances (TBARS) assay 1o evaluate
AAS-induced iipid peroxidation, Elevations in MBA formation were
ohserved aftor treatment wish both AASs. Elevations in MDA occurred prior
tor signtficant LM yelease, indicating that MDA formation was nof merely
dae {0 cell death, To evaluate the possible protective effects of increased
GAH. culizred cells were incihated with 70 pM N-acatyloysieine {N-ace)
for 3 br thes eated with 100 pM Met or Oxy. Caltured cells incubated
swith Ne-gpe had significamiy Mgher levels of GSH than control and aftorded
prateelion against Met only. A4 hr, both ihe Oxy-clone and N-ace-pretrested
Oxy group had significanily higher LDH relasse than contrel. Morpiologi-
cully, blebs. which may be indicasive of oxidative damage, were evident
wfler treatmen? with Oxy for 3 and 4 hr. The increase in MDA formation, the
partisl protection provided by N-ape supplementation, and the morphological
ehscrvations indicate that oxidative damage may be & mechanism in AAS-
induged cell death o Lver cells in cultre,

L‘ISOQg REDUCED LEYELS OF CATALASE ACTIVITY
POTENTIATE MPP™ FOXICITY: COMPARISON BETWEEN
MNOD CELLS AND CHO CELLS,

S Hussain', B Hase®, W Slikker Ir* and 8 F Al 'Weurochemisiry
Loboratory, Divisions of "Newrotoxicelogy ond “Nuwritienal Toxicodogy.,
Nationigh Cepter for Toxicedpgical ResearoWVFDA, Jeffersen, AR,

MPTP has heen shown © be woxic by inducing oxygen free radicals i the
mamralian nervous system, especially, in the nigrostrinal dopaminergic
system, The present sindy was designed to compare the wxke effects of
MPP . the majer metzbolite of MPTP in dopaminergic MNSD cells and
CHO cells. The survival of the MN9D cells in the presence of 250 M of
MPP " was less than (0%, whereas CHO cells extubited 90% survival al the
same soncentraion of MPP. The [Cs, values in MNSD and CHO cell lines
were 75 and &30 M, respectively, Thus, there is u 9 foid increuse of
sensitivity 1o MPP in MN9D cells compared 1o CHO ells. The caralase
activity was 2 Units per mg of protein in MINSD cells whereas il was 39
Units per mg of protein in CHO celts, The caialase activity in CHO cells
incrensed with incregsing MPP' concentrations from 100-5300 pM and there-
after it lended to decrease wilh mereasing concentrations of MPP” up o }
mM. In MNSEB cells the catalase actvity was not altered by varying concentra-
tiens of MPP . When CHO cells were pre-treated with 1{) or 25 mM 3
almimeirrazele (AT) 1o inhibit the catalase activily, and then exposed to
MPP™ at varions concentrations, the inbibimion of catalase increased the
suseepibility of cells 1o MPP ™. It is evident from ihese results that e toxicity
of MPP ™ ir these wo cell lines differs possibly due to difference in catalase
aclivity. [n conclusion, these data demonstrate that catalase may be an impor-
ang writoxidant enzyme in MPTP indacwd neurcoxicity.

[The dopaminergic MNUDY coll fine was obluined from D A, Heller, of the
Erniversily of Chicags.d

1510 OXIDATIVE STRESS 8Y CADMIUM INDUCES &
""""" THIOLATION OF o FUBULIN, ACTIN AND CONNEXIN 43
PROTEIN IN RAT LIVER EMITHELIAL CHLLS.
§H Jeong's, ) H Cha'. JC Rhee' and M H Che'. Wational Vewerinary
Research fustitute, RDA, Korew; *College of Velerinary Medicine, Seoul
National Universiry, Korea.
The exidative suess by cadmium (CACT) in WB-F344 rat liver epithelial
ceils was analyzed by gel electraphoresis and awtoradiography afier radiola-
beling of the intracellnlar glutathione pool with S, Cd° (200pM} caused
rapid (20 mun) and irreversible S-thinlation of specific proteins especially
with melecpiar masses of 42 and 22 KDa, These protgins were identified
mainly as a-tubaitin by imniunobiet analysis, Gap junction protein (Connexin
431 and actin were also invelved in S-thiclaton by Cd¥, Fluorescence
sicroscopy revealed that Cd' caused a severe loss of microlubule, apparent
cell retraction and Ioxs of thick cabips of acin filamenis. Gap junctions
immunostained with anti-conaexin monoclonal antibody alse decreased by
Cd’" treutment, These morphotogicsl changes were stayed for at leas) 4 hrs,

After 3} min of seatment, cellulzr GSH was decreased o 75 % of conirof
and mainained for 24 hrs. Four hours later, the products of lipid peroxidation
{malondiaidehyde)} was increased significantly, hewever, prolein-thicl deple-
tion was nol ohserved. These data indicate that Cd* induced oxidative
strgsses such as irreversible S-thislation of a-mbalin, actin and counexin 43,
These oxidative stresses may be relued with GSH depletion, morphological
changes of o-tubulin and actia, and gep junction rumber decrease.

3 1511 | EXPERIMENTAL VERIFICATION {F THE
MATHEMATICAL MODEL OF TRICHLOROCETHYLENE-
INDUCED LIPID PERGXIDATION TN MOUSE LIVER
SLICES,*

S R Channel’. ] Z Byozkowski®, W J Schmidt® and C R Miller®, *¥anTech
Environmental Technoloyy, inc.. "Toxicology Division, Armstrong
Laboratory, *U.8. Army Medical Research Detachmeni, Wrighs-Patierson
AFB, GH

A Biologically based pharmacodynamic (BBPI) wmode! was developed
simulam chemically induced tHpwd peroxidaiton i preciston cut mouse fver
stices in vitre (Byorkowski et al. Computer Meth Prog Biomed. §996:50.73)
The BBV model simulated formation of Hpid hydroperoxides and thigbarbi-
turic acid reactive substances (TEARS) over time as a function of the remain-
ing amourn: of cytochreme P450 {(CY Plactivated cheoical indecer, and
remaining amount of aaticaidants, The rale of peroxidalion was controlled
by lipid peroxidizability. destruction of CYP, autoxidation. and activity of
glutathione peroxidase. The BBPD model was inttially calibrated with the
litersture dats for TBARS formed during fipid peroxidagion in rut liver slices
and in precision-cot motse liver shees sreaied with tert-butyl hydroperoxide.
Then, the biochemicsl parameters were oplimized o refiect physiofogy of
the mouse liver and the BRPD model was used to simulute TBARS formation
during lipid peroxidation in mouse [iver siices induced with trichicroethylene
{TCE). Two baske algorithms for production of free tadicals from TCE were
tested, linear and square rool. Predictions by the BBPD mode! which related
free radics! concentraiton to the square root of the isiial TCE concentration,
were in agreement with the experimental date employing TBARS a5 an
end point.

*This research was supporied it part by e Department of the Air Force
Contract Ng, F41624-96-C-9010.

l 1512 | ENHANCEMENT OF MENADIONE-INDUCED
CYTOTOXICITY TO PLATELETS BY THE PRESENCE OF
BLOOD PLASMA.

SH Chung, I'Y Lee, M Kim and I H Chung. Coliege of Pharmacy,
Seoul Navional University, Seouf. Korea,

Blood plasma provides important transport functions 10 major tissues, while
being readily expesed t0 various drogs or chemicals, iacluding endogenous
and exogenous guinones, Quinones have been reporied 1o undergo nonenzy-
matic seection with thiols to geaerate reactive oxygens, [t is therefore possible
that the nonenzymatic reaction of guinones with thiols in plasma could fead
to potemtiated cellutar toncily or disease. This study addressed the jssue by
showing that & representative quinone compamd, menadicse (MEN3, reacts
nomenzymatically with plasma thiols, thecehy generaling reactive oxygens,
The experimental evidences supporting plasma thiol iavolvement i enhanced
MERN cytoroxichty consisted of the following: 13 MEN depleted plasma thiol
levels in a dose-dependent manner; 2} pretreatment of thiol-depleling agent
completely blocked MEN-induced oxygen conssmaption in plasma, ansd pre-
vented eyiotoxicily induced by MEN in platelet rich plasma system; 3) the
presence of plasma increused the MEM-induced oxygen consumption in
plateiet sysiams; 4} the presence of plasma increased MEN-induced toxicity
o platelets, ane of MEN's target cells which is readily exposed to plasma in
vive. These results suggested that, in the presesce of plasma, the nonenzymatic
reaction of MEN with thivls folluwing the generation of reactive axygens
could be an imporrant process in MEN-induced celbular toxicity and disease.

| 1613 | PRO-OXIDANT RESPONSES OF RESPIRATORY CELLS TO
ORGANIC DUST EXTRACTS,.

G Cosma, & Marunez, D Ulferfilge, and ¥ Vallyathar®. Depr. Env.

Health, Calorado State Univ. Fr. Coltins, CO: 'NIGSH, Morgantown,

WY,

We have developed a two.companiment celi maodel to explore the pathways

of pro-oxidant injury in sespiratory epithetial and alveplar macrophage (AM)

eoll lines exposed o orgamic Just extracts. The purpose of these studies 1§
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two-fold: 1) idemily major toxic components of these complex dusts; and
2) define the underlying mechanisms of pro-inflammatory cell injury and
adaptation in lung. The following responses were examined: 1) AM activa-
tion-respiratory burst; 2) cytokize production; 3) oxidative DNA damage;
and 4) stress protein induction. Qur evidence suggests that lung cells respond
in a qualitatively, but not quantitatively, similar fashion following exposures
to grain dust extracts vs. purified endetoxin, suggesting the participation of
other agents in toxic responses of lung to organic dusts. AM cells demonstrated
a rapid pro-oxidant respense to dust extracts, including production of hydro-
gen peroxide and intetleukin-1 as detected by immunoassay, which was
followed 24 hr later by single-stranded DNA damage as measured by gel
electrophoresis and immunoassay, This initial DNA damage resolved 48 hr
later. Antioxidants such as catalase (S00U/mt) and N-acetylcysteine (20 mM)
provided only partial protection against these pro-oxidant responses. Epithe-
lial cells lacked the pro-oxidant responses, but did display DNA damage
after prolonged 3-day exposures. AM cells, bui not epithelial, demonstrated
a rapid induction of metailothionein (MT) and heme oxygenase (HO) gene
expression following exposures o dust exiracts as measured by mRNA blot
analyses. These data support a role for oxidative injury Lo respiratory cells
following exposures lo particulates, and potential protective responses by
stress proteins. Reactive oxygen species-induced activation of DNA binding
protein NF-kappaB and antisense MT/HO studies are ongoing. (NIOSH
UOTACCUBDT121).

INCREASED LEVELS OF HEPTACHLOR EPOXIDE (HE)
AND OXYCHLORDANE (OC) IN NON-SURVIVING
TRAUMA PATIENTS: ROLE OF NITRIC OXIDE IN CELL
DEATH.

R A Cassidy. A Delgado, D Kohler, D G Burleson. U § Army Institute of
Surgical Research, FT Sam Houston, TX. Sponsor: W H Benson.

HE and OC are epoxides of the insecticide chlordane. These epoxides are
estrogenic and affect physialogic function at levels often found in the blood
of United States populace. Serum from 20 burn patients were collected and
analyzed 7 times during an |8 day period following injury for HE, OC, and
DDE, a metabolite of DDT, by gas chromatography. Ten non-surviving
patients were matched with 10 surviving patients for bum size, age, and sex.
HE and OC levels in non-survivors were significantly greater than in the
surviving groups with epoxide levels peaking on post burn day 5. Serum
levels of cholesterol and triglycerides decreased during the 8-day period
and did not correlate with HE and OC levels. To determine a possible
mechanism for HE and QC effects in burn patients, PMNs from volunieers
were treated with HE for 40 min al levels found in bum patients’ serum.
These levels of HE resulted in increased levels of nitric oxide production
and DNA strand breaks and decreased in ATP and cell membrane integrity
in PMNs as measured by flow cylometry and luminescence. Furthermore,
when lymphocytes were presented with HE-treated PMNs, lymphocyte cell
membrane integrity also decreased. These data suggest that increased body
burdens of these epoxides lollowing trauma activate PMNs, which result in
increased cellular pathology.

METHYCYCLOPENTADIENYL MANGANESE
TRICARBONYL-INDUCED REACTIVE SPECIES IN
DIFFERENT RAT BRAIN REGIONS: AN IN VITRO STUDY.

C § Williams', HM Duhart’, MR 1 Soliman', A Weaver’, W Slikker, J©°,
and § F Ali’. 'College of Pharmacy, Florida A&M University,
Tallahassee, FL; Division of Neurotoxicology, NCTR/FDA, Jefferson, AR.

Methycyclopendadienyl manganese tricarbony! (MMT} is the organic manga-
nese containing compound used as an octane enhancer in unleaded gasoline
and as a smoke depressam in diesel engines. Litile information is available
on the potential neurotoxicity of MMT. Recently we have reported that MnCl,
(Mn" ) and MnQac {Mn"?) induce oxidative stress by generating reactive
oxygen species (ROS). The present investigation was designed to investigate
the effect of MMT on the generation of ROS in varions rat brain regions.
Adult male Sprague-Dawley rais (NCTR colony) were used in this study.
Control rat brains were quickly removed, dissected into different regions and
P2 fractions were prepared, ROS were measured by the molecular probe
2,7 - dichlorofluorescein diacetate {DCFH-DA). In vitro exposure of P2
fractions of rat brain regions to MMT (3.16 — 316 M) resulted in a concentra-
tion-dependent increases of ROS in caudate nucleus, frontal coriex, hippocam-
pus, brain stem and cerebellum. The protective effects of ascorbic acid against
MMT-induced increases in ROS were also evaluated. Resulls obtained indi-
cate that 2.5 pM ascorbic acid produced a 60% decrease in ROS generated
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following exposure to MMT. These findings suggest that ROS increases may
be involved in MMT-induced neurotoxicity and that some degree of protection
against these effects may be afforded by antioxidants.

EFFECT OF ACRYLAMIDE TREATMENT AND
GLUTATHIONE MODULATION ON AP-1 AND NFkB IN
RAT GLIAL CELLS.

I Bunting, J K Kaster, M A Friedman and J E Klaunig. Division of
Toxicology, Department of Pharmacology und Toxicology, Indiana
University School af Medicine, Indianapolis. IN and Cytec Industries,
Inc., W. Paterson, NJ.

Chronic toxicity and oncogenicity studies with acrylamide (ACM) in rats
have shown a dose and time dependent increase in neurotoxicity. The mecha-
nism by which ACM produces these effects has not been established. Biotrans-
formation of ACM is mediated by glutathione (GSH) conjugation in liver
and brain and i.v. administration of ACM to rats rapidly decreases tissue
GSH levels. This depletion of GSH, an important cellular antioxidant, may
lead to a diminished capacilty to eliminate harmful reactive oxygen species.
Increased oxidative stress modulates the activity of AP-1 and NFkB, transerip-
tion factors which are involved in the expression of a variety of important
genes. This study examined the effects of ACM treatment and modulation
of GSH on activation of transcription in rat glial cells transfected with a
luciferase reporter gene driven by either AP-1 or NFkB binding. Data showed
time dependent activation of both AP-1 and NFkB with ACM treatment. Co-
treatment of ACM with N-acelylcysteine (a precursor for GSH synthesis)
appeared to altenuate the transcriptional activation seen with ACM alone.
In contrast, treatment with an inhibitor of GSH synthesis (BSQ) alone served
to activate NFkB. These results suggest that ACM can induce transcription
factors, AP-1 and NFkB, possibly through oxidative stress brought on by
GSH depletion,

@ PRO-OXIDANT ACTIVITIES OF MORIN AND
NARINGENIN.

S C Sahu, and G C Gray. Food and Drug Administration, Washington,
DC.

Morin and naringenin belong to a class of phenolic compounds known as
flavonols, which are present in many edible plants. Of the 16 flavonols tested,
13 are positive in the Ames test, quercetin being the most potent. However,
the flavonols are mutagenic only under aerobic conditions, which suggests
the involvement of active oxygen. In order to determine if morin and nar-
ingenin have the potential to produce oxidative stress, an acrobic model
system of isolated rat liver nuclei was used to determine what effects, if any,
these flavonols might have on nuclear glutathione (GSH), glutathione S-
transferase, membrane lipids and DNA. Both compounds induced a concentra-
tion-dependent decrease of nuclear GSH content and GST activity, and an
increase in membrane lipid peroxidation and DNA strand breaks. The results
demonstrate the pro-oxidant activities of morin and naringenin. Their pro-
oxidant activities provide an indirect measure of active oxygen, which can
be produced by their autoxidation and subsequent redox cycling under aerobic
conditions. The unrepaired and/or misrepaired oxidative DNA damage thus
produced may be responsible for flavonol mutagenicity.

1518 PARTICIPATION OF ACTIVE OXYGEN SPECIES IN
DAPSONE HYDROXYLAMINE-INDUCED HEMOLYTIC
ANEMIA.

D C McMillan and D ] Jollow. Depr. of Pharmacology, Medical
University of South Carolina, Charleston, SC.

Dapsone hydroxylamine (DDS-NOH]} is a direct-acting hemolytic metabolite
responsible for dapsone-induced hemolytic anemia in the rat. Hemolylic
activity is known to be a result of oxidative stress within the red cell. However,
the identity of the reactive oxygen species and their role(s) in the hemolylic
process remain unclear. To examine this process, EPR spectroscopy was
used to detect oxygen radicals in rat red cells treated with DDS-NOH. In
red cells containing DDS-NOH and DMPQ (spin trap), a 1:2:2:1 EPR spec-
trum was observed with splitting constants consistent with a hydroxyl radical
adduct of DMPO. Additional studies were performed to determine whether
the DMPO adduct could have been formed by hydroxyl radical attack on
the spin trap or by reaction of the spin trap with fery! heme, which is formed
by reaction of hydrogen peroxide with oxyhemoglobin. Both 2, 3- and 3, 5-
dihydroxybenzoic acid were detected by HPLC-EC in red cells that contained
salicylate and DDS-NOH, which indicated the presence of hydroxyl radicals.
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