
stress sensitizes IKB superrepressor-expr,~ssing hepacocytes to the TNFa-induced 
MPT and apoptosis. To induce mild m.idative stress, IKB-expressing hepatocytes 
were exposed to 2 µM t-BuOOH for 8 h. Hepatocytes were then treated with 
TNFa (30 ng/ml), and cell viability was determined 12 h after TNFa by propid­
ium iodide fluorometry. t-BuOOH pn:-exposure increased TNFa-induced cell 
killing to 43 ± 5% (mean ± SE) from less than 15% after either TNFo: alone or t­
BuOOH alone (p<0.05, naa3). Cydosporin A (CsA, 2 µM), a specific inhibitor of 
the MPT, decreased sensitized cell killing to 16 ± 4.2% (p<0.05, n::a3), suggesting 
the specific involvement of the MPT. In CsA inhibitor chase experiments, cytopro­
tection by CsA was lost when CsA was added more than 4 h after TNFo:, suggest­
ing the MPT occurred within 4 h. Confocal microscopy of calcein- and TMRM-la­
beled hepatocytes showed directly mitochondrial depolarization and inner 
membrane permeabilization beginning 3 h after exposure to TNFa in hepatocytes 
pre-exposed to t-BuOOH. In the absence of t-BuOOH, the MPT began after 8 h. 
Pre-exposure to r-BuOOH also increased mitochondrial ROS formation immedi­
ately after TNFo: addition, as indicated by dichlorofluorescin fluorometry. In con­
clusion, mild non-toxic oxidative strei;s sensitizes cultured rat hepatocytes to 
TNFu-induced apoptosis. This sensitization is manifested by accelerated mito­
chondrial ROS formation and earlier onset of the MPT, which suggests that mito­
chondrial ROS generation is a key factor modulating TNFU apoptotic signaling in 
hepatocytes. 

379 EFFECTS OF ALCOHOL CONSUMPTION ON FAS­
MEDIATED APOPTOSIS. 

L. Sosa, J. Pavlik and T. Jerrells. University of Nebraska Medical Center/Omaha VA 
Medical Center, Department of Pathology ,md Microbiology, Omaha, NE. 

It has been suggested that fulminant hepatitis in humans may be mediated by acti­
vated cytotoxic T-lymphocytes (CT Ls). CTL engagement of Fas on infected hepa­
tocytes may normally occur to remove virus infected cells, but, if exaggerated, may 
lead to hepatitis. It has been shown that administration of anti-Fas antibody to 
mice results in death of the mouse due to severe damage to the liver by apoptosis. 
We are interested in the role of chroni.:: alcohol consumption on Fas-mediated 
apoptosis in the liver. In order to assay this phenomenon in a mouse model, we are 
wing biochemical, molecular, and histochemical approaches. We have found that 
mice who consume alcohol undergo apoptosis caused by Fas at rime points earlier 
then pair and chow-fed control mice. Two hours after 15 micrograms of anti-Fas 
antibody was delivered intra-peritoneally, 6% of the hepatocyi:es in the alcohol-fed 
mice are apoptotic as compared to 2% of the hepatocytes in the control mice. 
Understanding of the molecular mechanisms of Fas-mediated liver injury will allow 
for identification of potentially selective therapeutic intervention strategies that can 
be used to prevent hepatitis without affecting viral host-defense functions. 
Supported by NIH grant AA 12450. 

380 SIGNALING FOR APOPTOSIS AND REPAIR IN VITRO. 

G. G. Karz1, R. G. Cameron2
, N. H. Shear1 and M. G. Neuman 1. 

1Sunnybrook & 
WomenS College HSC, Clinical Pharmacology, Toronto, ON, Canada and 2 The 
University Network, Pathology, Toronto, ON, Canada. Sponsor: T. Uem:cht 

We demonstrated the role of cytokines in ethanol (EtOH)-induced liver cell apop­
tosis and repair. (Gastroent(:rology, 114(7):157-169, 1998). 
Polyenylphosphatidylcholine (PPC) was postulated to protect against cirrhosis in 
baboons. The present study evaluated whether PPC affects apoptosis, in vitro in a 
co-culture of normal human stellate cells with HepG2. Cells were treated with 0~80 
mM EtOH for 24 hrs and with 2 doses of80 mM EtOH (l/24 hrs) in the presence 
or absence of 20 mmol/L of PPC. After 24 hours in culture, the media were col­
lected for tumor necrosis alpha (TNFn) measurements by enzyme-linked im­
munosorbent assays (ELISA). By transmission electron microscopy (TEM) 6000 
cells were analyzed for each condition. In cells treated with 60-80 mM EtOH the 
cytoplasm density is higher and nuclear chromatin condenses into compact masses. 
The integrity of organelles and plasma m,~mbrane remained intact, but the cell size 
decreased (70% vs. control), the shape become elongated and fragmented into 
apoptotic bodies. At the molecular level we assayed in twelve cells/treatment: 1- the 
DNA fragmentation by ELISA (which quantitates histones associated with DNA 
fragments formed by cleavage at the internucleosomal linker region) and 2- meas­
urement of 3 hydroxyl ends of doubled strand breaks (TUNEL). Exposure to 40 
mM EtOH resulted in 12.5 % apoptosis (vs. control). The process of apoptosis is 
dose dependent: 60 mM EtOH resulted in 30% apoptotic cells (p<0.05), 80 mM 
dose ofEtOH resulred in 42% (p<0.001) apoptosis (vs. control). Two consecutive 
doses of 80 mM EtOH for 24 hours each caused 66% (p<0.001 vs. control and 
p<0.05 vs. previous dose). PPC significancly reduced apoptosis (vs. non PPC ex­
posed): 60 mM-15% (p<0.05) 80 mM- 25% (p<0.05) 2x80 mM- 30% (p<0.05). 

Anti-TNF also inhibits apoptosis. We conclude that PPC downregulates apoptotic 
process. High doses and repetitive application ofEtOH signal for apoptosis in liver 
ceHs, in vitro. 

381 PPARa-DEPENDENT ALTERATION OF GRP94 
EXPRESSION IN MOUSE HEPATOCYTES. 

R. A. Roberts 1
, K. Barrow1

, R. Tonge2
, M. Davison2

, N. Macdonald1 and 

S. Chevalier
1

• 
1 Central Toxicology Laboratory, Cancer BioWgy, Macclesfield, United 

Kingdom and 2AstraZeneca, EST-Biology, Macclesfield, United Kingdom. 

The adverse effects of the peroxisome proliferators (PPs), a class of rodent nongeno­
toxic hepatocarcinogens, include suppression of apoptosis, induction ofhepatocyte 
proliferation and liver enlargement which eventually leads to tumors. The response 
to PPs is mediated by the peroxisome proliferator activated receptor u(PPARu). We 
carried out proteomic analyses of PP treated hepatocytes from wild type and 
PPARa null mice to identify the molecular pathways underlying the adverse effects 
of PPs. We have identified eighteen protein spots exhibiting differential expression 
in PP treated wild type mouse hepatocytes. Several proteins involved in lipid me­
tabolism pathways, but also ATP synthase b subunit, which are regulated by PPs 
were identified. In addition, both 2D silver stained gels and western blotting analy­
sis indicated that the anti-apoptotic glucose regulated protein 94 (GRP94) is con­
sistently over-expressed upon stimulation with PPs, providing us with novel in­
sights into the anti-apoprnric mechanism activated by PPs. 

382 HISTOCHEMICAL ASSESSMENT OF HEPATIC 
APOPTOSIS UPON SUBCHRONIC TREATMENT OF 
MALE MICE WITH THIAMETHOXAM. 

E. Weber2
, F. Waechter2

, T. Skripsky2 and J. T. Stevens1
• 

1 Syngenta, Greensboro, 
NC and 2Syngenta, Bask, Switzerland. 

Hepatic apoptosis was histochemic.ally identified and quantitatively assessed in 
mice treated with dietary concentrations of 0, 100, 500, and 2500 ppm thi­
amethoxam for 3, 7, 13, 27, and 59 days, and for 9 months (0 and 2500 ppm 
only). Paraffin liver sections from a subchronic cell proliferation study and from 
the interim sacrifice of an 18-monrh long-term study were submitted to a TUNEL 
(terminal deoxy-nucleotidyl transferase mediated dUTP nick end labeling) histo­
chemical procedure, followed by morphometry in purpose to quantify the extent of 
apoptotic activity. In small intestine sections, serving as positive controls, TUN EL 
staining was found to label dying enterocyres at the villus tips, indicating the 
method's ability to detect apoprotic cells. The negative control sections (without 
the DNA label-linking enzyme "terminal deoxynucleoridyl transferase") revealed 
no TUNEL-specific staining at all. Significantly increased numbers of apoptotic 
figures per unit area were seen at 500 and 2500 ppm after 59 days and at 2500 
ppm after 9 months of treatment. No significant increase was seen at 100 ppm at 
any time. These results confirm previowly reported late appearance of apoptosis 
with thiamethoxam and is consistent with the overall concept of persistent and ex­
acerbating cell loss in the liver of mice after prolonged treatment with high doses of 
thiamethoxam. 

383 CAFFEIC ACID ENHANCEMENT OF COCAINE-
INDUCED HEPATOTOXICITY. 

D. J. Price1
, C. A. Muro-Cacho 2, A. P Kulkarni 1 and R. D. Harbison 1.

2
• 

1 College 
of Public Health, University of South Florida, Department of Environmental and 
Occupational Health, Tampa, FL and 2 College of Medicine, University o/South 
Florida., Department of Pathology, Tampa, FL. 

Cocaine has been reported to produce hepatic necrosis and apoptosis. Caffeic acid 
is a ubiquitous ingredient in beverages, tobacco, fruits and vegetables. The objective 
of this study was to determine if concomitant treatment with cocaine and caffeic 
acid would enhance cocaine-induced hepatotoxicity. Male ICR mice were adminis­
tered caffeic acid (125 mg/kg, i.p.) and 20-min later cocaine (60 mg/kg, i.p.), with 
sacrifice 24 hr after administration of cocaine. A 4-fold increase in serum alanine 
aminotransferase activity (ALT) occurred in animals treated with caffeic acid and 
cocaine (12,000 SF Units/ml) compared to animals treated with cocaine alone 
(3,000 SF Units/ml). Caffeic acid pretreatment did nor significantly reduce he­
patic glutathione or esrerase activity. The pretreatment did, however, increase co­
caine-induced hepatic necrosis and cause a 2 fold increase in apoptosis at 4 hr, a 6 
fold increase at 24 hr, and a 12 fold increase at 7 days. Apoptosis was measured 
using the TUNEL method. Histopathological evaluation indicated that with caffeic 
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acid pretreatment, necrosis was in the same compartments as apoptosis, and oc­
curred at the same time periods. The profound hepatic necrosis was observed in the 
midwnal and centrilobular areas. The results of this study indicate that caffeic acid 
can significantly increase cocaine-induced hepatotoxicity, and this enhancement 
does not appear to be a glutathione or esterase dependent mechanism. (Supported 
by NIOSH Grant #412874-03) 

384 ALTERATIONS OF CELL PROLIFERATION, APOPTOSIS 
AND P53 PROTEIN IN THE EXOCRINE PANCREAS OF 
RATS TREATED WITH 4-HYDROXYAMINOQUINOLINE 
I-OXIDE. 

T. lmazawa2, A. Nishikawa2, K. Toyoda3
, F. Furukawa2, C. Uneyama2, T. Ikeda 4, 

M. Takahashi 1 and M. Hirose2
• 

1 Pathology Peer Review Center, Tokyo, Japan, 
2 National Institute of Health Sciences, Pathology, Tokyo, Japan, 3 Research & 
Development General Division Japan Tobacco Inc., Tokyo, Japan and 4 Showa WomenS 
University, Tokyo, Japan. Sponsor: M. Takahashi. 

Cell proliferation, apoptosis and p53 protein expression in the pancreas induced by 
4-hydroxyaminoquinoline ]-oxide (4HAQO) was investigated in male 6-week-old 
Sprague-Dawley rats to clarify early changes associated with carcinogenesis by 
genotoxic carcinogens. Rats were given a single iv injection of 4HAQO at a dose of 
20 mg/kg bw, and sequentially killed after 2-72 hrs. Control rats were killed after 4, 
24 and 48 hrs. Part of pancreas and non-target livers were immediately fixed rutine 
HE staining, immunohistochemistry for p53 protein, PCNA, and apoptosis 
(TUNEL method). A part of the tissues were fixed for electron microscopic obser­
vation. Apoptosis and p53 expression were preferentially observed in the pancreas 
of the 4HAQO-treated animals but scarcely in the livers. The incidences of these 
biomarkers were greatest at 24 hrs after the treatment, being consistent with the 
peak for PCNA-labeling index. Nudeolar alteration, demonstrable by electron mi­
croscopy as segregation of nucleolar components into granular and fibrillar com­
partments, was evident in cells of the target organ, exocrine pancreas, but not of the 
non-target liver parechyma. Sequential observation clarified that such alteration 
was highest in frequency 6 hrs after 4HAQO administration in pancreatic acinar 
cells. These the results of the present study suggest that apoprosis, p53 and en­
hanced cell replication are closely related phenomena involved in the carcinogenesis 
of 4HAQO following DNA adduct formation and nudeolar segregation. 

385 RADIATION INDUCED GENE EXPRESSION, 
APOPTOSIS, AND PRE-B CELL CFU SURVIVAL 
DYSREGULATION BY N-ACETYL-L-CYSTEINE. 

J. E. French, A. Quinn, H Honeycutt, K. R. Martin, T. C. Barrett and F. W. Kari. 
NIEHS, Research Triangle Park, NC. 

Radiation induced free radicals cause DNA damage and induce apoptosis in lym­
phohematopoietic cells. N-acetyl-L-cysteine (NAC) modulates free radical medi­
ated signal transduction pathways, scavenges free radicals and provides substrate for 
glutathione synthesis, and, thus, may airer radiation induced DNA damage. We ob­
served a greater incidence of lymphoid tumors in 4 Gyy-irradiated FVB/N p53 de­
ficient mice on diets with 3% NAC than with control diet. To investigate, we irra­
diated FVB/N mice with 4 Gyy-irradiarion after acclimation to a basal or basal plus 
3% NAC diet. Three hours post-irradiation, mice were killed by CO2 narcosis and 
femoral bone marrow cells were removed and cultured in a methylcellulose growth 
medium with IL-7 to enhance pre-B colony forming unit (CFU) growth or resus­
pended in a medium stabilizing RNA. Patterns of gene expression associated with 
apoptosis were determined using total RNA and cDNA expression arrays. Altered 
patterns of mRNA expression were observed 3 hrs post-irradiation in pathways chat 
showed NAC suppression of Rb and NFlCB while inducing the transcription factor 
E2Fl, Trp53 dependent Gadd45, Bax and Mdm2, but not p53. Bad, Bcl-w, and 
caspases, but not Bax, Bd-2, or Trail, expression was increased by NAC. Although 
the total number of cells/femur and total myeloid CFU/femur were not signifi­
cantly reduced, pre-B CFU survival was greatly reduced, requiring IOX greater plat­
ing density than normal. However, NAC significantly increased the number of ab­
normal pre-B CFU observed (see below). We speculate that high levels of 
intracellular NAC alters signal transduction pathways in pre-B cells resulting in 
suppression of apoptosis in radiation induced DNA damaged pre-B CFU in the 
bone marrow permitting selection and clonal amplification of premalignant lym­
phoid cells. The mechanistic basis for this is under investigation. 

Radiation Plu~ Cells/femur Ix 1071 M veloid CFU/femur Pre~B CFU/femur 

Basal diet 2.6 ± 0.5 9100 ± 2600 71.0+ 17.5 

Basal diet+ 3'7c NAC 2.0 ± 0.4 11000 + 5400 314.0 + 65.6 n<'0,0] 
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386 ROLE OF P53 IN THE INDUCTION OF APOPTOSIS BY 
PSORALEN AND ULTRAVIOLET-A RADIATION (PUVA). 

A. B. Santamaria1
, D. W. Davis2

, D. Nygiem 1
, D. J. McConkey2, S. E. Ullrich1 

and H. N. Ananthaswamy1
• 

1 MD Anderson Cancer Center, Immunology, Houston, 
TX and 2 MD Anderson Cancer Center, Cancer Biology, Houston, TX 

A combination of psoralen and ultraviolet-A (UVA, 320-400 nm) radiation, 
commonly referred to as "PUVA", is widely used in the treatment of psoriasis and 
other skin diseases. PUVA therapy is highly effective in killing hyperproliferative 
psoriatic skin cells but its mechanism of action has not been fully elucidated. In 
this study, we used immortalized JB6 mouse epidermal cells to investigate the 
molecular mechanism by which PUVA induces cell death in vitro. Treatment of 
JB6 cells with IO µg/ml of 8-methoxypsoralen (8-MOP) followed by irradiation 
with 20 kJ/m2 of UVA resulted in cell death by apoptosis. PUVA-rreatedJB6 cells 
exhibited the morphological and biochemical characteristics of apoptosis such as 
chromatin condensation, DNA ladder formation, and TUNEL-positivity. In ad­
dition, PUVA treatment caused stabilization of p53 in a time-dependent manner 
beginning at 6 hrs and peaking at 24 hrs post-treatment. Analysis of PUVA­
treated cells by confocal microscopy revealed translocation of the p53 protein to 
the nucleus, suggesting that the p53 protein was transcriptionally active. This 
conclusion was supported by the fact that PUVA treatment also caused an induc­
tion ofp2lw;,f/Cipl at 6-12 hr post-treatment. Interestingly, p53 was phosphory­
lated at serines 15 and 389 following PUVA treatment. In addition, suface fas ex­
pression was statistically increased at 48-72 hrs after PUVA treatment. In vivo 
studies were conducted to evaluate the role of p53 in PUVA-induced apoptosis. 
PUVA treatment induced apoptosis to an equal extent in p53+/+ and p53_,_ mouse 
skin. From these studies, we conclude that PUVA-induced apoptosis docs not re­
quire p53 expression. 

387 CYTOTOXICITY OF ALKYLPHENOLS FROM GINKGO 
BILOBA - NECROSIS OR APOPTOSIS. 

H. Hecker, R. Johanisson and C. P. Siegers. Medical University luebeck, Toxicology, 
luebeck, Germany. 

Extracts from the leaves of Ginkgo biloba L. are among the most widely used phy­
topharmaceuticals. As hazardous constituents in crude extracts, ginkgolic acids 
(cardanols and cardols) have been identified. No contribution of these alkylphe­
nols to the beneficial therapeutic effects of Ginkgo extracts has been reported, but 
allergenic, mutagenic and carcinogenic properties have been discussed for these 
substances. The cytotoxic potential of ginkgo alkylphenols, their effects on the 
human keratinocyte cell line HaCaT (Prof. Fuscnig, DKFZ Heidelberg, 
Germany) and the rhesus monkey kidney epithelial cell line LLC-MK2 (ICN 
Biomcdicals, Eschwcge, Germany) were investigated. The effect of ginkgo extract 
EGb 761 as well as pure ginkgolic acids on cell growth and integrity was tested by 
uptake of neutral red as well as releases of enzymes, respectively. Following incuba­
tion of cells with the ginkgo extract EGb 761 a low toxic potential was found 
(ICSO-values between 900 mg/I for HaCaT and 1480 mg/I for LLC-MK2). The 
corresponding ICSO-values for the defined ginkgolic acids ranged between 21 
mg/I (HaCaT) and 4.6 mg/I (LLC-MK2), respectively. In parallel to the inhibition 
of the neutral red uptake, we observed a concentration-dependent release ofLDH 
into the medium. Toxic effects were also documented by electron microscopic 
analysis, which reveal mitochondrial damage indicative for uncoupling of oxida­
tive phosphorylation. A possible induction of apoptosis by ginkgolic acids was 
evaluated by staining ofHaCaT cells with the monoclonal antibody Apo2.7 (7A6 
antigen). Following incubation of cells with ginkgolic acids for 18 h, the propor­
tion of? A6 positive cells increased concentration-dependently from a control level 
of about 10 % to more than 60 % at 30 mg/I and above. In conclusion, due to the 
toxic effects observed in the present investigation a removal of ginkgolic acids 
from Ginkgo biloba extracts to a technically possible level (e.g,. 2-5 ppm) is pro­
posed to be appropriate. 

388 DOWNSTREAM TARGETS OF p53 IN BLEOMYCIN­
INDUCED LUNG INJURY. 

D. W. Davis and D. T. McConkcy. University ofTexas MD Anderson Cancer Center, 
Cancer Biology. Houston, TX 

Chronic inflammation leading to pulmonary fibrosis develops in response to en­
vironmental pollutants, radiotherapy, or certain cancer chemotherapeutic agents. 
Our recent work demonstrated that intratracheal administration of bleomycin 
led to caspase-mediated DNA fragmentation characteristic of apoptosis. Using 
p53_,_ and iNos·'· mice, we demonstrated that nitric oxide activates p53 which 
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