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919/688-6000 

~ 
,GEMS~ 

Genotoxicity and Environmental Mutagen Society 

Dear GEMS Member: 

Thank you for attending the Fourth Annual Meeting of the Genotoxic
ity and Environmental Mutagen Society . Each officer and board member 
hopes that this meeting will be informative and intellectually stimulating. 
We hope not only that you benefit from the oral and poster presentations, 
but also that you use the time to interact with one another and meet 
colleagues and students from the Triangle area . We also encourage you to 
contact the officers and board members and give them suggestions for the 
Society and recommendations for future meetings and events . 

GEMS is pleased to have Dr. Marshall Anderson as the keynote 
speaker at this year's meeting. He will discuss "The Role of Activated 
Oncogenes in Chemical Carcinogenesis." In a new experimental format 
for this year's meeting, a Scientific Evening will be presented in which 
Drs. Don Clive and Richard Welch will discuss "Short-Term Tests 
and the Whole Animal." In addition , scientists will be competing for the 
Second Annual GEMS Travel Award to attend the EMS meeting in San 
Francisco, and the award for best presentation by a junior scientist. 

SUSTAINING MEMBERS provide several valuable services to GEMS, 
and we strongly encourage each member to visit their exhibits, talk to 
them about the services they offer, and thank their representatives for 
supporting the Society. Many of our activities. including a substantial part 
of this meeting, would not be possible without their financial support. 

I would like to thank Dr. Gene Elmore for organizing this Fourth 
Annual Meeting. Having organized the meeting for the past two years. I 
know the amount of time and effort it takes to arrange this event. Al so, I 
would like to congratu late the new board members and to thank the 
retiring members for their service to the Society. 

Welcome to the Fourth Annual Meeting of GEMS. 

UL-b. Since~ely, 
A~ D. Kligerma'1 
President 

Post Office Box 13475, Research Triangle Park, North Carolina 27709 
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GEMS would like to gratefully acknowledge the following companies 
for providing additional financial support of the Fourth Annual 
Scientific Meeting: 

FLOW LABORATORIES , INC. , is sponsoring the coffee and dani sh 
at 10:10 a.m. 

INTEGRATED LABORATORY SYSTEMS is co-sponsoring, with 
GEMS, the social hour at 4:45 p.m. 

ENVIRONMENTAL HEALTH RESEARCH AND TESTING is 
sponsoring the wine at the evening banquet at 6:00 p.m . 

BOEHRINGER MANNHEIM BIOCHEMICALS is sponsoring the 
Best Talk by a Junior Scient ist award. 
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New Brunswick Scientific Co., Inc. 
Box 4005 • 44 Talmadge Road 

Edison, NJ 08818-4005 

SHARON EDMUNDS 
Sales Engineer 

TELEX: 4753012 NBSCO 
275083 NBSC UR 

FAX: 201-287-4222 

NJ 1-201-287-1200 
1-800-631-5417 

Cable: BRUNSCO 
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NORTHROP SERVICES. INC. En vironmental Services, P . 0 . B. 12313 , 
Research Triangle Park, NC 27709. Representatives: William A. Suk 
and Daniel Morgan (919-549-0651) 
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Pl3 A NULL MUTATION AT CA R-2 IN THE MOUSE IND UCE D BY ET HYL
NITR OSOU REA RESU LTS IN A NEW ANIMAL MODEL OF A HUMAN DI S
EASE. S. E. Lewis, 1 R. P. Erickson, 2 L. B. Ba rnett ,1 P. Vent a .2 and R. T ashian. 2 

1RTI , RTP , NC 27709; 2Uni v. of Michiga n . Ann Arbor, Ml 48109. 

Screening of (C57Bl /6J x DBA/ 22J )F1 progeny of ma le mice trea ted with ethylnit ro
sourea (ENU) revea led a mouse that lac ked the paterna l ca rbonic anhydrase II 
(C Aii). Breeding tests showed that thi s trait was herit a ble and due to a null 
muta tion a t the Car-2 locus on Chromosome 3. Animals homozygous for the new 
null all ele are runted and have impa ired acid/ base balance. These abnormaliti es 
are very s imilar to those of humans with the same biochemical defect. Studies to 
determine the molecula r defect caused by the mut ation are now in progress . The 
mut ant gene is apparentl y intact. and is tra nscribed . 

Supported in parl hy Con! ract #NO J -ES-5S07H from the Ntt l ion al l n ~ I it u te of Env ironmental Hea ll h Scif'n cr s . 
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activity with the addition of S9 in compari son with roadway and background 
samples which were more mutagenic in the absence of S9. The mutageni ci ty of 
laboratory source samples was comparable to that of home source sa mples. 
Ambient samples showed more mu tagenicity per cubic meter of air when sampled 
in the afternoon than in the morning. 

This 1s an al-...1rar1 or a propt1st'<I pn~..;<'nlati1m a nd d11t.' !-. rn11 rwt · t· ...,~;m l \· rdlt't 'I l lS l·. l' A p11ll( '\' 

Pll RELATIONSHIP OF EARLY. CA RCINOGE N-IND UCED, ATYPICAL 
CELL COLONIES TO IN VIVO MALIGNA NT TRANSFORMATION IN THE 
RAT TRACHEAL EPITHELIAL FOCUS ASSAY. V. E . Steele, 1 J. T . Arnold, 1 and 
M. J. Mass. 2 1Northrop, RTP. NC 27709; 2US EPA, RTP . NC 27711. 

To define and s tud y the initial stages of neoplast ic transformation in respiratory 
epithelial cell s, a series of morphologica ll y transformed cell colonies from 
carcinogen-exposed rat tracheal epithelial (RTE) cell cultures was characterized. 
Tracheal epithelial cell s were isolated from F-344 rats , plated on collagen-coated 
di s hes , and ex posed to 7,12-dimethylbenz(a)anthracene on day I for 24 h . Between 
days 26 and 30, colonies of morphologically altered cell s were isolated and classified 
into three major groups based on cell den s it y: class I-less than 1300 cell s/ mm 2; 

class ll-1300-2500 cell s/ mm2; and class III-more than 2500 cells/ mm 2. Following 
plating the cell populations were assayed for their ability to grow in various media 
a nd on various substrata . In general, classes II and III had a higher colony forming 
efficiency when replated in various media and grew better on all substrates tested. 
The population doubling times generally decreased faster in class II and III cell s 
than in class I cell s. The cell s were placed into denuded tracheal grafts which were 
transplated s ubdermall y into nude mice. Untreated cells produced a mucociliary 
epithelium , while the progression from class I to class Ill in culture was reflected 
by a progression in the animal towards a more transformed phenotype. These 
s tudies show that early carcinogen-induced premalignant RTE cell s differ in a 
variet y of characteri st ics and that at least three classes initially exist which 
become homogeneous with time. 

Supporied by US EPA Contract #68·02-410:1. 

P12 DEVELOPING AN SAR BATTERY APPROACH FOR PREDICTING 
GENOTOXICITY. D. Walsh, 1 M. Miller,1 and L. Claxton .2 1EHRT. RTP. NC 
27709; 2US EPA, RTP, NC 27711. 

A computeri zed SAR system (ADAPT) was used to classify a Salmonella data base 
of 114 nitrogenous cyclic compounds with 19 molecular descriptors. The average 
correct predictability for this data set was 89% and was determined by eva luating 
100 training/ prediction subsets. Actual predictive ability of the discriminants was 
demons trated by predicting the Salmonella mutagenicity of 40 aromatic amines . 
The aromatic amines prediction set was from the data base ana lyzed by the 
computer program CASE (computer automated st ruct ure evaluator). ADAPT cor
rectly predicted the mutagenicit y of 35 of the 40 aromatic amines resulting in 88% 
correct predictability , which correlated closely with the 89% established by the 
trai ning/ predicti on subset s. This predictive a bilit y was s lightly better than the 
84% correct predict ion sta ted in the CASE publication . The ADAPT correctl y 
identified some compounds that CASE missed and CASE correct ly identified some 
compounds that ADAPT missed . Anal ysis of compounds in a battery of computer
ized SAR systems would greatly increase the abi lit y to determine biological ac ti v
ity much the sa me way as using different s trains of bacteria and different assays 
are used to determine biological ac tivity . 

Thi ~ 1 ... an ahstract of a prnpost'tl prt-:-.l'nlatmn and cit){'s not nt't·rs~an l v reflt>t'I llS EPA poht·y 
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PROGRAM 
GEMS FOURTH ANNUAL MEETING 

November 20, 1986 
8:00 a.m. to 6:00 p.m. 

BANQUET and SCIENTIFIC EVENING 
6:00 p.m. to 9:00 p.m. 

Sheraton University Center, Durham, NC 
8:00 a.m . - 9:00 a.m . Registration 

9:00 a. m. - 9:15 a. m. Welcoming remarks, A. Kligerman , Pres ident , GEMS 

9:15 a .m . - 9:55 a.m . Tl CHEMICAL CARCINOGENS: A LITERATURE 
ANALYSIS OF 506 CHEMICALS AND THE ESTAB
LISHMENTOFTHEGENE-TOX CARCINOGEN DATA 
BASE. S . Nesnow and H. Bergm an. US EPA . RTP, NC 
27711. 

9:S5 a. m. - 10:10 a .m . T2 A RAPID IN VITRO BIOASSAY FOR THE DE
TECTION OF POTENTIAL CARCINOGENS AND FOR 
THESTUDYOFEARLYANDLATETRANSFORMED 
PHENOTYPES IN RETROVIRUS-INFECTED RAT 
EMBRYO CELLS . W. A . Suk,J . E. Humphreys, and J. D. 
Van Arnold . Northrop, RTP, NC 27709. 

10:10 a .m. 10:30 a.m. Coffee Break. Light refreshment s. 

10:30 a.m. Noon Posters, Exhibits, Coffee. 

Noon - 1 :30 p.m. Lunch. Members hip a nd Financial Reports, Recognition 
of Exhibitors, Installation of Newl y-Elected Board mem
bers. 

1:30 - 1:45 p.m. T3 ACTIVATION OF NITRO-SUBSTITUTED PAH 
BY CHEMICAL REDUCTION IN THE AMES PLATE 
INCORPORATION ASSAY.]. Goldring, L. M. Ball . A. 
Gold, and R. Sangaiah. UNC-CH, Chapel Hill , NC 27514 . 

1:45 p.m . - 2:00 p.m . T4 COMPARATIVE GE NOTOXI C ITY OF SIDE
STREAM AND MAINSTREAM CIGARETTE SMOKE. 
L. G. Monteith. 1 D. M. Si mmons, 1 T . J. Hughes, 1 a nd 
L. D. Claxton. 2 1RTI. RTP, NC 27709: 2US EPA, RTP . 
NC 27711. 

2:00 p.m. - 2:15 p.m . T5 NON-RANDOM KILLING OFT-LYMPHOCYTES 
IN CRY OPRESERVATION . W. L. Stanford.' a nd G. H. S. 
Strauss.2 1EH RT . RTP . NC 27709: 2US EPA, RTP . 
NC 2771 1. 
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2:15 p.m . - 2:30 p.m. T6 THE ESTABLISHMENT OF A MICROCOMPU 
TER SYSTEM DEVELOPED FROM THE "COMPU 
TERIZED LABORATORY NOTEBOOK" CONCEPT. 
S . ]. Berkowitz, 1 W. L. Stanford, 1 and G. H. S. Strauss.z 
1EHRT, RTP . NC 27709: zus EPA, RTP. NC 277 11 . 

2:30 p.m. - 2:45 p.m. T7 CYCLOPHOSPHAMIDE-INDUCED DAMAGE TO 
SYNAPTONEMAL COMPLEXES AND METAPHASE 
CHROMOSOMES IN MOUSE MEIOTIC CELLS . L. C. 
Backer, 1 J.B. Gibson.2 M. J . Moses,2 D. A. Amtowrr. 1 and 
] . W. Allen. 1 1US EPA , RTP, NC 27711, 2Duke Univ .. 
Durham, NC 27710, :1EHRT, RTP, NC 27709. 

2:45 p.m . - 3:00 p.m . TB MEASUREMENT OF ONCOGENE AMPLIFI
CATION IN HUMAN LUNG TUMOR CELLS. S. K. 
Hansen and] . M. Siegfried. EHRT. RTP, NC 27709. 

3:00 p.m. - 3:30 p.m . T9 ACTIVATION OFC-HA-RAS IN DNA FROM CHEM 
ICALLY INDUCED HEPATOMAS OF THE B6C3F, 
MOUSE . R. W. Wiseman, 1 S . ] . Stowers, 1 E. C. Miller, 2 

B. C. Stewart.2. D. Grenier,2 M. W. Anderson,1 and J . A. 
Miller.2 1NIEHS, RTP, NC 27709; 2Univ. Wisc., Madi 
son , WI 53706. 

3:30 p.m. - 3:45 p.m . Break. Coffee and Tea, poster review, and exhibits. 

3:45 p.m . - 4:45 p.m. Key no t e Address: THE ROLE OF ACTIVATED 
ONCOGENES IN CHEMICAL CARCINOGENESIS . 
Marshall Anderson. NIEHS, RTP. NC 27709. 

4:45 p.m. - 6:00 p.m. Social. Light refres hment s. drinks. 

Scientific Evening 
6:00 p.m. - 7:30 p.m. Banquet 

7:30 p.m. - 9:00 p.m . SHORT-TERM TESTS AND THE WHOLE ANIMAL. 
Don Clive and Richard Welch. Burroughs Wellcome, 
RTP, NC 27709. 
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PS SOLID PHASE ADSORPTION AND RECOVERY OF URINARY MUTA
GENS FROM ENVIRONMENTAL TOBACCO SMOKE. R. W. Williams, 1 T . Pas
ley,1 R. Watts, 2 J.P. Inmon ,2 and L. Claxton. 2 1EHRT . RTP. NC 27709; zus EPA . 
RTP. NC 27711. 

Solid phase adsorbents (bonded si licas) were evaluated for their ability to recover 
urinary mutagens from cigarette s mokers. Cyano. octadecyl, and cyclohexyl 
phases were individually loaded with a pooled composi te of s mokers' urine fol 
lowed by subseq uent elution of the retained mutagens usi ng methanol. The muta
gens were solvent exchanged into dimethylsulfoxide then bioassayed usi ng the 
Kado Salmonella micro assay with metabolic activation . Mutagenic recovery from 
the various solid phases was found to bedependent upon the volume of urine loaded 
and the phase being evaluated . Cyano bonded si lica columns were found to consist 
ently recover greater quantities of mutagenic activity as compared with the other 
phases. Overall results indicate that the use of prepacked solid phase adsorbents 
when combined with micro volume bioassays (ex. Kado) can offer a fast. efficient 
means to determine the mutagenic activity found in cigarette s mokers' urine. 

P9 MUTAGEN ICITY OF INDOOR AIR IN A RESIDENTIAL PILOT FIELD 
STUDY. K. Williams, 1 J . Chappell, 1 S. Goto,2 M. E. Miller,:1 and J. Lewtas .1 
1US EPA, RTP. NC 27711 ; 2lnstitute of Public Health, Tokyo. Japan; :1EHRT, 
RTP. NC 27709. 

The mutagenicity of indoor air was measured in a pilot field study of homes in 
Columbus, Ohio during the winter of 1984. The study was conducted in two 
all -electric homes and eight homes with natural gas heat and appliances. The 
combustion source variables included woodburning in fireplaces and cigarette 
s moking. Samples were collected in three indoor areas (kitchen, living room, and 
bedroom) and outdoors adjacent to each home. Particulate matter and semivolatile 
organic tom pounds were collected using modified EPA medium-volume samplers 
with a semivolatile (PUF) trap. A micro-forward mutation bioassay employing 
Salmonella typhimurium strain TM677 was used to quantify the mutagenicity in 
solvent extracts of microgram quantities of the organics . Both the particulate 
matter and the semivolatile organics collected indoors and outdoors were muta
genic in this assay. The mutagenicity of the particulate matter, expressed as 
mutant frequency I m\ was highly correlated with the number of cigarettes smoked 
in the home. This was particularly evident for the kitchen samples. The muta
genicity (MF/ m3) of the semivolatile organics did not appear to significantly 
increase as a function of the number of cigarettes smoked. 

This is an abslrat·t of a proJX>se<l 1>resen tatinn and does not necessa ril y reflecl US EPA policy . 

PIO MUTAGENICITY OF WOOD COMBUSTION SOURCE AND AMBIENT 
SAMPLES IN THE SALMONELLA PLATE INCORPORATION ASSAY. S. 
Warren, 1 R. Zweidinger.z V. Houk ,2 R. Highs mith .2 J . Lewtas.2 and L. Claxton. 2 

1EHRT. RTP, NC 27709; 2US EPA. RTP. NC 27711. 

The Integrated Air Cancer Project Study (IACP) is an interdisciplinary research 
program designed to develop methods and a data base to determine the major 
sources and the identities of airborne carcinogens to which humans are exposed. 
As part of thi s project, particulate samples from both ambient air and woodstove 
sources were collected in Raleigh. NC and Albuquerque, NM. These samples were 
extracted and tes ted for mutagenicity us ing the Salmonella plate incorporation 
assay with s train TA98. Woodstove source samples showed increased mutagenic 
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P6 INJ!l iCTION OF PHAGE LAMBDA JN E. COU BY CHLORIN ATED PES
TICIDES. V. S. Houk and D. M. DeMarini, US EPA. RTP. NC 27711. 

No single assay can detect all classes of genotoxic compounds. Thus, several assays 
are often used complementarily so that the st rengths of one ca n compensate fort he 
limitations of another. The Salmonella mutagenesis assay is used frequentl y 
because it is relatively quick, inexpensive. and has been validated extensively . 
However, one important class of carcinogens that is not detected reliably by 
Salmonella is chlorinated organics. As an adjunct to the Salmonella assay, we have 
investigated the Microscreen assay developed by Rossman et al. (1984) to evaluate 
its potential usefulness for detect ing this chemical class. The assay measures the 
induction of A prophage in E. coli WP2s(A) and has been shown to detect some 
carcinogenic compounds that are not detected by Salmonella . After making some 
modifications in the protocol and in the method of data analysis, we tested a group 
of chlorinated pesticides (most of which are carcinogenic) for their ability to 
induced phage..\ . Included were the pesticides monuron, malathion, mirex , p,p'
DDT, lindane, nitrofen, chlordane, captan. toxaphene, and dichlorvos. All but the 
first four induced phage. The phage-induct ion assay detected chlordane and lin
dane, which are not mutagenic in Salmonella but which are limited positives for 
carcinogenicity. 

This is an ab!;;1rar1 of a pro1>osed presentation and does not nt"t·t·ssari ly reflect llS EPA policy. 

P7 GENOTOXIC EFFECTS OF HAZARDOUS WASTES IN A SET OF Sl:IORT
TERM TESTS. D. M. DeMarini, 1 ]. P. Inmon , 1 V. S. Houk, 1 S. Warren ,2 S. 
Sandhu, 1 G. Acedo,2 K. Brock,2 M. M. Moore, 1 T. Pasley,2 and R. W. Williams.2 

1US EPA, RTP, NC 27711; 2EHRT, RTP, NC 27709. 

Sixteen harzardous wastes of various types were evaluated for genotoxicity in a set 
of short-term tests . Dichloromethane (DCM) extracts of the wastes as well as the 
unextracted wastes were tested for mutagenicity in the Salmonella plate
incorporation assay using strains TA98 and TAlOO with and without Aroclor 
1254-induced rat liver S9. Ten of the wastes were fed by gavage to male F-344 rats. 
and the unextracted urine as well as C-18/ methanol extracts of the urine were 
tested in the Salmonella assay . All of the wastes were evaluated for their ability to 
induce phage lambda in E. coli by use of the Microscreen assay. Six of the wastes 
were tested for mutagenicity in a plant (Arabidopsis), and two were evaluated in 
L5178Y/ TK± -3.7.2C cells. Seven of the unextracted wastes were mutagenic in 
Salmonella, but three of the DCM extracts were not. Only three of the mutagenic 
unextracted wastes produced mutagenic urine when fed to rats. In general, the 
C-18/ methanol extraction procedure eliminated the toxicity associated with the 
mutagenic urine samples and resulted in a urine that was more potent than 
unextracted urine. The wastes that were mutagenic in Salmonella were also 
mutagenic in Arabidopsis. and one waste that was not mutagenic in Salmonella 
was mutagenic in Arabidopsis . One of the mutagenic wastes in Salmonella was 
tested in L5178Y/ TK± cells and was mutagenic in this mammalian cell assay. The 
genotoxicity of the wastes in the phage-induction assay will also be presented . 

Thi s is an abs1rart of a pro~1sNI prt'st·n1a11on ancl does nol necessa rilv reflrt: t llS EPA policy . 
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POSTERS 

Pl OBSERVATIONS ON THE EFFECT OF IN VIVO ADMINISTRATION OF 
CYCLOPHOSPHAMIDE (CP) AND PHOSPHORAMIDE MUSTARD (PAM) ON 
SISTER CHROMATID EXCHANGES (SC Es) IN MULTIPLE TISSUES OF THE 
C57Bl /6 MOUSE.]. A. Campbell, 1 G. L. Erexson , 1 M. F. Bryant, 1 J. W. Allen ,2 and 
A. D. Kligerman. 1 1EHRT. RTP , NC 27709; 2US EPA , RTP , NC 27711. 

P2 A COMPARISON OF THE FREQUENCIES OF CHROMOSOMAL ABERRA
TIONS AND MICRONUCLEI IN MOUSE PERIPHERAL BLOOD LYMPHO
CYTES EXPOSED TO GAMMA IRRADIATION IN VITRO. G. L. Erexson , 1 

A. D. Kligerman, 1 J. W. Allen ,2 E. C. Halperin ,1 and G. Honore.:1 1EHRT. RTP. 
NC 27709; 2US EPA RTP. NC 27711; 1DUMC . Durham , NC 27710. 

P3 THE INDUCTION OF SISTER CHROMATID EXCHANGES IN MOUSE 
HEPATOCYTES AND PERIPHERAL BLOOD LYMPHOCYTES FOLLOWING 
IN VITRO EXPOSURE TO PHOSPHORAMIDE MUSTARD. M. F. Bryant. 1 J. A. 
Campbell, 1 G. L. Erexson, 1 A. D. Kligerman, 1 and J. W. Allen .2 1EHRT, RTP , 
NC 27709; 2US EPA , RTP . NC 27711. 

P4 A COMPARISON OF THE FREQUENCIES OF CHROMOSOME BREAK
AGE IN MOUSE AND HUMAN PERIPHERAL BLOOD LYMPHOCYTES (PBLs) 
FOLLOWING IN VITRO GAMMA IRRADIATION. B. Westbrook-Collins, 1, A. D. 
Kligerman,2 G. L. Erexson.2 J. W. Allen, 1 E. C. Halperin,1 and G. Honore.1 1US 
EPA , RTP, NC.27711; 2EHRT. RTP. NC 27709; :1DUMC , Durham, NC 27710. 

P5 MUTAGENICITY OF TOPOISOMERASE-ACTIVE AGENTS IN PHAGE 
T4 . B. K. Lawrence and D. M. DeMarini, US EPA, RTP, NC 27711 . 

P6 INDUCTION OF PHAGE LAMBDA IN £. COLI BY CHLORINATED 
PESTICIDES. V. S. Houk and D. M. DeMarini , US EPA, RTP. NC 27711. 

P7 GENOTOXIC EFFECTS OF HAZARDOUS WASTES IN A SET OF SHORT
TERM TESTS. D. M. DeMarini, 1 ]. P. Inmon , 1 V. S. Houk. 1 S. Warren ,2 S. 
Sandhu, 1 G. Acedo, 2 K. Brock .2 M. M. Moore,1 T. Pasley ,2 and R. W. Williams. 2 

1US EPA, RTP , NC 27711; 2EHRT, RTP. NC 27709. 

P8 SOLID PHASE ADSORPTION AND RECOVERY OF URINARY MUTA
GENS FROM ENVIRONMENTAL TOBACCO SMOKE. R. Williams, 1 T . Pasley .1 

R. Watts, 2 J . P. lnmon ,2 and L. Claxton. 2 1EHRT, RTP, NC 27709; 2US EPA. RTP. 
NC 27709. 

P9 MUTAGENICITY OF INDOOR AIR IN A RESIDENTIAL PILOT FIELD 
STUDY. K. Williams. 1 J. Chappell, 1 S. Goto.2 M. E. Miller,1 and J. Lewtas. 1 1US 
EPA. RTP. NC 27711; 2lnst. of Public Health, Tokyo, Japan; 1EHRT, RTP, NC 
27709. 

PlO MUTAGENICITY OF WOOD COMBUSTION SOURCE AND AMBIENT 
SAMPLES IN THE SALMONELLA PLATE INCORPORATION ASSAY. 
S. Warren. 1 R. Zweidinger.2 V. S. Houk .2 R. Highsmit h,2 J. Lewt as, 2 and L. Claxton .2 

1EHRT. RTP , NC 27709: 2US EPA , RTP . NC 27711. 
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Pl 1 RELATIONSHIP OF EARLY, CARC INOGEN -IN DUCED. ATYPICAL CELL 
COLONIES TO IN VI VO MALIGNA NT TRANSFORMATION IN T HE RAT 
TRACHEAL EPITHELIAL FOCU S ASSAY . VE. Steele, 1]. T. Arnold, 1 a nd M. J. 
Mass. 2 1Nort hrop, RTP , NC 27709; 2US EPA. RTP. NC 27709. 

Pl 2 DEVELOPING AN SAR BATTERY APPROACH FOR PREDICTING 
GENOTOXICITY. D. Walsh , 1 M. Mill er, 1 and L. Claxton .2 1EHRT , RTP. NC 
27709; 2US EPA , RTP, NC 27711 . 

P13 A NULL MUTATION AT CAR-2 IN THE MOUSE INDUCED BY ETHYL· 
NITROSOUREA. RES UL TS IN A NEW ANIMAL MODEL OF A HUMAN DIS· 
EASE . S. E. Lewis, 1 R. P. Erickson,2 L. B. Barnett ,1 P. Venta ,2 and R. Tashian .2 

1RTI, RTP, NC 27709; 2Uni v. Michigan , Ann Arbor, Ml 48109. 
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PB Ls. Whole blood was obtained from a human male subject by venipunct ure and 
from 50 male C57Bl/ 6 mice by cardiac puncture. The mononuclear leucocy tes were 
isolated by centrifugation on a dens ity gradient and s uspended in 4 ml of RPMI 
1640. They were exposed to cobalt -60 gamma radiation at a rate of 83 cGy/min to 
yield tota l doses of 0 , 100, 200, 300, a nd 400 cGy. Standard PBL cultures were 
establi s hed with BrdUrd ; the mouse cultures were harves ted at 42 hand the 
huma n cultures at 48 h . Chromosome aberrations were scored from firs t divi s ion 
cell s only . Human PBLs were more sensitive to the induction of dicentri cs than 
were mouse PBLs. The preliminary dose- response curve obtained for di centrics in 
mouse PB Ls was: Y = 0.00524x + 0.000140x 2• The respective curve for human PB Ls 
was: Y = 0.0327x + 0.000333x2• A comparison of the number of undamaged cell s 
after irradiation also demonstrates that the human PBLs are approximately 1.75 
times more sensitive to gamma radiation than the mouse PBLs. Since the DNA 
content of the PBLs is approximately equal, thi s suggest s that more than target 
size a lone is responsible for the sens itivity differences. 

This is an ahs trac l of a proposed presen1a1ion and does not nec:essaril y reflect lJS EPA policy . 

P5 MUTAGENICITY OF TOPOISOMERASE-ACTIVE AGENTS IN PHAGE 
T4 . B. K. Lawrence and D. M. DeMarini, US EPA, RTP, NC 27711. 

Biochemica l s tudies have identified a series of agents that s timulate DNA scission 
by mammalian topoi somerase II . This group of agents includes: adriamycin , acti· 
nomycin D, m-AMSA, ellipticine, and tenipos ide (VM-26). Of these, only m-AMSA 
has been studied thus far for its ability to stimulate DNA scission by prokaryotic 
(phage T4) topoisomerase II, and m-AMSA was found to s timulate DNA cutting by 
the T4 enzyme (Rowe et al. 1984). Because m-AMSA is a potent mutagen in T4 
(DeMarini, Lawrence, and Ripley , unpublished results) , we have inves tigated the 
mulagenicity in T4 of additional agents that have been shown to stimulate DNA 
scission by mammalian topoisomerase II or that may inhibit either the prokaryotic 
or eukaryotic enzyme. Log-phase£. coli BB was infected with T4 FCI I (an rl/B 
frames hift mutant) at an m.o.i. of 5 int he presence of the drug for I h at 37°C. Cells 
were diluted and lysed, and the phage were plated onto£. coli K38 (which selects 
for wild -type revertants) and onto E. coli BB (which permits both mutants and wild 
type lo grow, thus giving a measure of s urvival ). Plaques were counted the next 
day, and mutant frequencies were calculated. In addition to m-AMSA, only ellipti· 
cine, mitomycin C, nalidixic acid, and oxplinic acid were clearly mutagenic ; 9-
aminoellipticine and 9-methoxyellipti cine were weakly mutagenic (2·4 fold over 
background al 10% survival). Interaction studies indicated that novobiocin reduced 
the mutagenicity of m-AMSA ; s imilar s tudies with naladixic acid are in progress. 
Many of these agents are potent clastogens/ mulagens in mammalian cells . Thus, 
these agents appear lo exhibit a prokaryotic/eukaryot ic s pecificity that may reflect 
differences in topoisomerase II from the two types of organi s ms. Mutants induced 
by the mulagenic agents have been isolated and will be sequenced to determine the 
mutagenic speci fic ity of these agent s. Preliminary seq uence data suggest that 
m-AMSA a nd ellipticine induce mutations at a hot spot that may coincide with the 
phage T4 topoisomerase II primary cu t s it e. Thus, topoisomerase II may mediat e 
the mut agenicit y of these and related compounds . 

Thi :-. 1 ~ an :th, trat"I of a propo:-.fti pn·~<'nlal1on ancl cltM; '' no! lll'1' l''~ ari\~· rt•flccl l!S EPA pollq 1
• 
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cultu red in RPM! 1640 medium supplement ed wit h 8 µ g ph ytohemagglut inin 
(PHA )/ml. At 21 h , the medium was removed a nd replaced with medium lacking 
PHA but conta ining either 5 µM bromodeox yuridine for CA a na lys is in fir s t 
di vis ion cell s or 3 µg cy tochalas in B/ ml for MN a na lysis in bi nuclea ted PB Ls . CA 
cultures were harves ted a t 42 h aft er a 3 h colcemid treatm ent (0 .S µ g/ ml ). MN 
cultures were ha rves ted a t 47 h us ing a cytocent r ifuge . In each replica te experi 
ment . CAs were scored in 200 meta phases/ dose and MN were qua ntit a ted in 1000 
cell s/ dose. A dose- related increase in both CAs a nd MN was observed in t he PBLs . 
At a dose of 400 cGy, CA ana lys is in fir s t di vis ion metaphases revea led 1.6-fold 
more damage than MN analysis in binucleated PBLs . MN frequencies closely 
pa rall el t he percentages of dicentrics at all doses s tudi ed . Meta phase a na lysis for 
CAs in mouse PBLs revea ls more damage tha n does scoring for MN a ft er irrad ia
tion . However. the ana lysis of both CAs and MN in mouse PBLs correla te well with 
the la tt er being a rapid a nd therefore more effi c ient assay . 

T his is a n ahstr~1 r 1 of a proposed 1>rt•st·n1a11o n and dot•s not nt'l't'S!'>etril y reflt '1·1 l! S EPA plfllicy. 

P3 THE INDUCTION OF SISTER CHROMATID EXCHANGES IN MOUSE 
HEPATOCYTES AND PERIPHERAL BLOOD LYMPHOCYTES FOLLOWING 
IN VITRO EXPOSURE TO PHOSPHORAMIDE MUSTARD. M. F. Bryanl, 1 ] . A. 
Campbell, 1 G. L. Erexson,1 A. D. Kligerman ,1 and]. W. Allen .2 1EHRT . RTP . 
NC 27709; 2US EPA, RTP. NC 27711 . 

In vitro studies were conducted to examine s is ter chromatid excha nge (SCE) 
induction by phosphoramide mus tard (PAM), the presumed active metabolite of 
cyclophosphamide (CP). in mouse hepatocytes and peripheral blood lymphocytes 
(PBLs). Hepatocytes were isolated from mice by enzyme perfus ion and cultured in 
medium containing 5µM BrdUrd according to publi s hed methods (Ca mpbell et al. 
1986). Cultures were treatedforthefirs t l h , firs t2h,firs t21 h,orthe las t21 h of a 
52 h culture with 1 or 5 µM PAM . PBLs were removed from mice by cardiac 
puncture, and mononuclear leucocytes were isolated us ing Lymphocy te Separa
ti on Medium <"> and cultured according to publi shed methods (Kligerman et a l. 1986) 
us ing RPM! 1640 medium supplemented with phytohemagglutinin (8µg/ ml) . Cell s 
were treated with 1or5µM PAM for either 1 h or24 h before mitogenic s timula tion . 
or during the first 21 h or the last 21h ofa50 h culture period . In vitro exposure of 
mouse hepatocytes and PBLs to PAM generated dose-rela ted increases in SCE 
frequencies. The result s also indicate that SCE induction by PAM is not cell cycle 
s pecific but depends u pon the a mount of time PAM is in cont act with the t arget 
ce ll s . 

Th is 1s an ahsl rnc l of a proposed prest·nl a l ion and does not lll't ' t•:-.:-.an ly n ·flt•c l l! S El'A policv . 

P4 A COMPARISON OF TH E FREQUENCIES OF CHROMOSOME BREAK
AGE IN MOUSE AND HUMAN P ERIPHERAL BLOOD LYMPHOCYTES (PBLs) 
FOLLOWING IN VITRO GAMMA IRRADIATION . B. Weslbruok-Collins. 1 A. D. 
Kligerman .2 G. L. Erexson ,2 J. W. Allen , 1 E. C. Halperin , 1 and G. Honore.:i 1US EPA . 
RTP . NC 27711 ; 2EHRT . RTP . NC 27709; 1DUMC. Durham. NC 277 10. 

As pa rt of a series of s tudies des igned to develop ri sk assess ment models for 
ch romosome da mage in hum a ns ex posed to genotox ica nt s . in 11i / ro experiment s 
were designed to investigate the rela ti ve radi osens it ivi t y of mouse and hum a n 
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TALKS 

Tl CHEMICAL CARCINOGEN S: A LITERATUR E REVIEW AND ANALYS IS 
OF 506 CHEMICALS AND THE ESTABLISHMENT OF TH E G ENE-TOX CAR 
CINOGE N DATA BAS E. S. Nes now a nd H. Bergman. US EPA . lffP . NC 27711 

T he lit eral ure on 506 selected chemica ls has been evaluated for ev idence that these 
chemical s induce cancer in experimental animals . This eva luation comprises the 
Gene-T ox Ca rcinogen Data Base. Three major sources of information were used to 
creat e thi s evaluated data base: assessment s from the Gene-T ox Carc inogenes is 
Pa nel hased on a critical rev iew oft he literature of 293 selected chemica ls, assess
ment s from the Int ernational Agency for Research on Cancer(IARC ) Monographs , 
a nd Na tional T oxicology Program/National Cancer Institute Bioassay Technical 
Report s . The 293 chemicals examined by the Gene-Tox Ca rcinogenesis Panel were 
selected for anal ysis based mainl y on their previous Gene-T ox eva luation in 
genetic tox icology bioassa ys. The literature data on these chemical s were evalu
ated in an organized , rational , and consistent manner. Criteria were es tablis hed to 
assess indi vidual s tudies employing s ingle chemical s. and four categories of 
respon se were developed: Positi ve. Negative. Inconclusive (Equivocal ). and lncon
clus ivf' . After evaluating each of the individual s tudies on a chemical. the Panel 
placed each chemical in an overall classification category based on the s trength of 
the evidence indicating the presence or absence of carcinogenic effects . An eight 
category decis ion scheme was est a bli s hed us ing a modified vers ion of the !ARC 
approach, and included two categories of Positive and two categories of Negative , a 
category of Equivocal , and three categories of Inadequate. Of the 506 chemicals in 
the Gene-T ox Carcinogen Data Base. 252 were evaluated as Sufficient Positive. 99 
as Limited Pos itive, 40 as Sufficie nt Negative , 21 a s Limited Negative , l as Equivo
cal , 13 a s Inadequate with the data sugges ting a positi ve indication , 32 a s Inade
quat e with the data sugges ting a negati ve indication, and 48 as Inadequate. The 
Gene-T ox Carcinogen Data Base provides a bas is for future in -depth analyses of 
genetic toxicology bioassay systems with regard to their abilit y to predict the 
carcinogenic effects of chemical s. 

T his ahsl ra r t does not nece:-. sa ry rd let'I EPA pol icy . 

T2 A RAPID IN VITRO BIOASSAY FOR THE DETECTION OF POTENTIAL 
CARCINOGENS AND FOR THE STUDY OF EARLY AND LATE TRANS
FORMED PHENOTYPES IN RETROVIRUS-INFECTED RAT EMBRYO CELLS 
W. A. Suk. ]. E. Humphreys, and]. D. Van Arnold . Northrup, RTP, NC 27711. 

A ma mma lian cell culture sys tem using Rauscher leukemia virus-infec ted Fischer 
ra t embryo(2FR...50) cell s was used as a model to s tudy the abilit y of chemical and 
phys ica l carcinogens to induce earl y and la te phenot ypes of neoplas ti c tra nsform a-
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tion . When s uspended in liquid media above an agar base. anchorage-dependent 
cont rol cell s showed a rapid decline in cell survival. whereas cell s tha t had pre· 
vious ly been treated with ca rcinogen survived in sus pens ion as multicellular 
aggrega tes . The bioassay takes 11 days, and the ear ly trans formation end point. 
su rvival in cellular aggregates (SAg•). is measured by counting viable cell s disso
cia ted from aggregates that were s uspended for four days. Chemica l carcinogens 
(7. 12-dimet hylbenza nt hracene. benzo(a)pyrene. N -met hyl-N'-nit ro-N-nit rosoguan · 
idine, 4-nitroquinoline-N-ox ide, and diet hylsti lbes trol), complex environment al 
mixtures, and the physica l carcinogen, ultraviolet irradia tion , induced SAg• dose
dependentl y. The bioassay di scriminated between ca rcinogens and noncarci no
gens without the addition of a metabolic activation system. The induct ion of the 
end point was correl a ted with progress ion to neoplas tic phenotypes in the same 
cell s , as evidenced by their morphological transformation, growth in semisolid 
medium , and tumorigenicit y in nude mice. The selection process of suspension of 
cell s in liquid medium resulted in the rapid expression of transformed phenotypes. 
The SAg• end point appeared to require the presence of the exogenous retrovirus, 
or the induction of the endogenous viral genome, since uninfected cells did not 
show a differential survival res ponse when carcinogen-treated , noncarcinogen
treated , or control cells were compared. The results indicate that agents can be 
assayed for carcinogenic potential rapidl y by in vitro transformation of target cell s 
selected by the integration and expression of retrovirus, and that the formation in 
s us pension of aggregated cell s following carcinogen treatment selects for the 
expression of subsequent neoplas tic phenot ypes. 

T3 ACTIVATION OF NITRO-SUBSTITUTED PAH BY CHEMICAL REDUC
TION IN THE AMES PLATE INCORPORATION ASSAY.]. M. Coldring, L. M. 
Ball , A. Gold. and R. Sangaiah, UNC-CH. Chapel Hill, NC 27514. 

Cyclopenta-f used isomers of pyrene and benz(a)anthracene, nitrated on the etheno 
bridge, were synthesized and tested in the Ames assay . Since enzymatic reduction 
would form arylhydroxylamines, which in turn would form highl y s tabili zed 
arylnitrenium ions, we hoped to test the hypothesis that the direct-acting muta· 
genie activity of nitro-PAH correla tes with the degree of s tabilization of the elec
trophilic intermediat e. We found that . while these compounds are mutagenic 
without S9. they are much less act ive than ot her nit ro PAH of s imilar molecu lar 
weight. 

We reasoned that these compounds may be poor substrates for the nitroreductase 
enzymes. If thi s were the case, chemica l reduction should produce s table active 
intermediates. We therefore reduced one of these compounds, 2-nitrobenz(l)acean
t hrylene (2 -nitroB(l )A). with zinc dust and ammonium chlor ide and immediately 
incubated the reaction mixture with Salmonell a s train TA98. As a control . we 
performed the identica l procedure using 1-nit ropy rene (I -NP) in TA98NR, w hich 
lacks the "classical" nit roreductases and is therefore insensitive to I -NP. I-NP was 
also tested in T A98 and 2-nit roB(l)A in T A98NR. 

I -NP was extemely acti ve in TA98NR (2800 rev/ plate at I µ g/ plat e with reduction 
compared to 60 rev/ plate without zinc) . indicat ing that chemical reduction does 
occur int hi s sys tem a nd is ca pable of producing a reactive intermediate. However . 
activ it y of 2-nitroB(l )A is onl y marginally increased by chemica l reduction (80 
rev/ plate at 5 µ g/ plat e with reduct ion . com pared to 60 rev/ plate without zinc). We 
concl ude that, whether or not nitroreduct ion of B(l )A occurs in Sa lmonell a. a ny 
intermed iates formed during the reductive process may not be reactive enough to 
generate genotoxic da mage. 

Supportt '<l lw Fl'A (; ra n I CRts~l 1>< 17 and a I INC CH Cr;1d11a lt' Sd11111I :\ .., ... , .... 1an1'h1p to J M <; 
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ABSTRACTS 
POSTERS 

Pl OBSERVATIONS ON THE EFFECT OF IN VIVO ADMINISTRATION OF 
CYCLOPHOSPHAMIDE (C P) AND PHOSPHORAMIDE MUSTARD (PAM) ON 
SISTER CHROMATID EXCHANGES (SCEs) JN MULTIPLE TISSUES OF THE 
C57Bl/6 MOUSE .]. A . Campbell. 1 G. L. Erexson, 1 M. F. Bryant ,1 J. W. Allen ,2 and 
A. D. Kligerman .1 1EHRT. RTP. NC 27709; 2US EPA, RTP, NC 27711. 

Cytogenetic s tudies were undert a ken to investigate the relati ve SCE-inducing 
potency of CP and it s presumed active metabolite. PAM, in several ti ssues from 
male C57Bl/ 6 mice following in vivo exposure. After ip admini s tration of either CP 
or PAM , hepatocytes were grown on coverglasses, and peripheral blood lympho
cy tes (PBLs) were grown in I ml cultures (Campbell et al. 1986; Kligerman et al. 
1986) for comparison with the SCE response in bone marrow. At equimolarconcen
trations (50 µM ) bone marrow ex hibited a s ignificantly elevated SCE frequency 
after exposure to PAM or CP (Control : 5 SCEs; PAM: 44 SCEs; CP: 32 SCEs). 
Contrary to expectations, hepatocy tes and PBLs were much less responsive than 
bone marrow to the two compounds . At the same dose, hepatocy tes from mice 
treated with PAM had an increase of 12 SCEs per cell over baseline, but onl y a 4 
SCE per cell increase was observed in mice treat ed with CP. The same 50 µM dose 
of CP or PAM induced an increase of 16 SC Es/ met a phase or IO SCEs/ metaphase. 
respecti vely. in PBLs from treated mice. We are inves tiga ting reasons for the 
divergence in SCE responses seen among these tissues. 

This ,.., an 3bs tr<1 c1 of a proposf'<I prt'st'ntation and does not necessari ly rdlecl l1S EPA policy . 

P2 A COMPARISON OF THE FREQUENCIES OF CHROMOSOMAL ABERRA
TIONS AND MICRON UCLEI IN MOUSE PERIPHERAL BLOOD LYMPHO
CYTES EXPOSED TO GA MMA IRRADIATION IN VITRO. G. L. Erexson, 1 A. D. 
Kligerman ,1 J. W. Allen,2 E. C. Halperin,:1 and G. Honore.:1 1EHRT. RTP , NC 
27709; 2lJS EPA. RTP, NC 277 11 ; 10UMC, Durham. NC 277 10. 

Three repli cate experiments were designed to in ves tigat e both the induction of 
ch romosoma l aberrations (C As) and micronuclei (M N) in mouse peripheral blood 
lymphocy tes (PRLs) . Fifty ma le Cfi7Bl/ 6 mice were bled by ca rdiac punc ture, and 
mononuclear leurocy tes (MNLs) were isolated us ing Lymphocyte Separation 
Mediu m.'" The cell s were then pl aced in 6 ml polys tyre ne culture tubes cont ain ing 
6.fi x JO•; MN Ls in 4 ml of RPMI 1640. The tubes were exposed to cobalt -60 at a rate 
of s;i cGy / min to yield total doses of 0 . JOO. 200. :100. a nd 400 cGy . PBLs were 

15 



these tum ors cont a ined one oft hree hase subs titutions at the 1s t or 2nd pos il ion of 
codon 61 in the c-Ha-ms ge ne. These results have been ex tended to ti .. 11 1l'ct 

analysi " of base cha nges in codon 61 for tumor DNA from 65 additional BliC:3F1 
hepatomas induced by the following ca rcinogens: 7. 12 -dimet hylbenz(a)a nt hracene . 
benzo(a)pyrene. aflatoxin B, , ethyl ca rba mat e. vinyl carha mate, sa frol e. es tragol e. 
N-hydrox y-4-aminoazobenzene, and N-hydroxy-2-acetylaminofluorene. At leas t 
80% of these hepatomas also contained point mutations at the fir s t or second 
position of the 61 st codon. The di s tinct pat terns of c-Ha -ras mutations observed in 
these hepatomas for each chemica l impl y that these alterations can be a direct 
result oft he interaction of elect rophili c ultimate ca rcinogen s with thi s gene in vivo. 
These observations are al so consistent with the hypothes is that c- Ha -ras act iv a 
t ion is frequently an early event of hepatocarcinogenesis in the B6C3F1 mouse. 
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T4 COMPARATIVE GENOTOXICITY OF SIDESTREAM ANI >MAIN STREAM 
CIGA RETTE S MOKE . /.. r, f\1011/eilh . 1 D. M. S immons 1• T J Hughes. 1 and L. D. 
Claxton .2 1RTI, RTP , NC 27709; 2US EPA. RTP . NC 27711 . 

Met hods were developed to collect and fractionate particles. semivolat iles and 
volatile organic compounds from mainstream a nd s idestream cigarette s moke 
(GE MS 1985). A trapping tra in composed of a bubbler/ sand /cold trap collected:)) 
respirable particles 2) semi volatil es, and 3) volatiles with bp < 25°C. Res ult s sug
gested that s idest rea m cigarett e smoke accounted for60%of the total mutagenicit y 
per cigarette in the Ames/ Salmonella assay. T o further in vestigat e the potential 
genotoxicity of s ides tream and mainstream cigarette s moke. samples were 
recently coll1·cted with two solvents - acetone and ethanol. Data are being evalu
ated for mutagenicity in the Ames/ Salmonella assay . Comparison of the efficiency 
of these two solvents to collect organic compounds from cigarette s moke will be 
presented. Dose- res ponsive mutagenicity of these s ides tream and main stream 
cigarette smoke samples were al so detected in the mouse lymphoma assay. In 
addition, these cigarette smoke fractions are being evaluated in the in vitro rat 
hepatocyte unscheduled DNA synthesis/ repair assay . Genotoxicity results of s ide
s tream and mains tream cigarette smoke from these thrtl' 1111•itro bioassays will be 
presented. 

Research spon sored bv El'A M -02-:!CJ9'l-42 and fi(l and IHI l' roj ff l No. :!11 -!i:!l I 4. 

T5 NON-RANDOMKILLINGOFT-LYMPHOCYTESINCRYOPRESERVATION . 
W L Stanford, 1 and G. H. S . Strauss. 2 1EHRT, RTP, NC 27709; 2US EPA, RTP, 
NC 27711 . 

To eliminate between-test error in longitudinal s tudies it is necessary to freeze 
fres hly separated lymphocytes as well as continuous T-lymphocy te (C TL) lines. To 
test the efficacy of a programmable freezer (in which the temperature falls at an 
optimal rate), freshly separated lymphocytes and CTLs were aliquoted into three 
sets of vials. Two sets each were frozen in a 1:1 mixture of 15% DMSO in Mixed 
Medium (MM), and in 20% FBS in MM using the standard s tyrofoam freezer insert 
for liquid N 2 refrigerators and a programmed freezer. respectively . The remaining 
set was left in an incubator. The cells were thawed and/ or washed and assayed in 
both a fluorochrome-mediated viability test and fluorescent antibody and ELISA 
T -helper (TH) I T -suppressor (Ts) tes ts. Representative result s from 2 studies each, 
presented as(% Viable), T tt/T s for cells unfrozen , program frozen, or s tyrofoam 
frozen , respectively , were: 

for fresh cells from 1 individual : 

(100%), ± .03; (95 ± 1 %), 1.15 ± .05 & (91), 0.88 ± .01 
and for 2 lines of Con A-activated CTLs: 

(100%), 1.20 ± .01; (98%), 1.24 ± .03 & (92 ± 2%), 0.74 ± .01. 

We s how that inadequate freezing non-randomly kills cells of T -cell s ubpopula 
tions , TH being more sens iti ve than Ts, and assert that a preprogrammed freezer is 
indicated . The Battery of Lymphocyte Test s (BLT), under development in our 
laboratory, is des igned to detect toxic, immunotoxic, and genotoxic effects of in 
11i110 mutagen ex posure on human blood. We discuss how minimization of non 
random cell losses (as quantitated on the bas is of morphology) and preservation of 
rela ted regulatory cell fun ction is essential if we would assess the in vivo or in vitro 
sta te of heterogeneous cell s . 
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T6 THE ESTABLISHMENT OF A MICROCOMP UTER SYSTEM DEVELOPED 
FROM THE "COMP UTERIZ ED LABORATORY NOTEBOOK" CONCE PT . S.}. 
Berkowitz, 1 W. L. Stanford, 2 and G. H. S . Strauss .1 1EHRT . RTP . NC 27709; 2lJS 
EPA, RTP. NC 27711. 

We describe a microcomputer sys tem developed in our labora tory fo r a ut omating 
the Batt ery of Lymphocyte Tes ts (BLT). The BLT was designed to eva luat e blood 
s pecimen s for toxic, immunotox ic, and genotoxic effects after in vivo exposure to 
putative mutagens . A system was developed with the advantages of low cost , 
limited spatial requirement s, ease of use for personnel inex perienced with compu· 
ters, and applicability to specific tes ting yet flexibility for experimentation. Thi s 
system eliminates cumbersome record keeping and repetitive analysis inherent in 
genetic toxicology bioassays . Statistical analys is of the vast quantity of dat a 
produced by the BLT would not be feasible without a central database. Our central 
database is maintained by an integrated package, which we have adapted to 
develop a computerized "laboratory notebook." The clonal assay of lymphocyte 
mutagenesis (CALM) section of the "notebook" is demonstrated . PC-Slaves expand 
the microcomputer to multiple workstations so that our computerized notebook 
can be used next to a hood while other work is done in an office and ins trument 
room s imultaneously. Communication with peripheral instruments is now an 
indi spensable part of many laboratory operations, and we include a program. 
written to acquire and analyze CALM data, for communicating with both a liquid 
scint ill at ion counter and an ELISA plate reader. In conclusion we di scuss how our 
computer sys tem could easily be adapted to the needs of other laboratories . 

T7 CYCLOPHOSPHAMIDE-INDUCED DAMAGE TO SYNAPTONEMAL COM
PLEXES AND METAPHASE CHROMOSOMES IN MOUSE MEIOTIC CELLS . 
L. C. Backer. 1 J.B. Gibson.2 M. J. Moses,2 D. A. Amtower,:1 and J. W. Allen .1 1US 
EPA , RTP. NC 27711 ; 2Duke Univ .. Durham , NC ; :iEHRT. RTP, NC 27709. 

Synaptonemal complex (SC) analys is represents a new approach for evaluating 
chemically-induced damage to mammalian germ cells (Moses et al. , 1985, In : 
Dellarco et al. (eds.) Aneuploidy: Etiology and Mechanisms, Plenum Publishing 
Corp .. N.Y. . pp. 337-352.) Cyclophosphamide (CP) administered ip to male mice 
ca uses SC breakage and abnormalities of sy naps is . The nature of any mechani s ti c 
or predicti ve relationships between prophase SC alterations and subsequent meio
ti c metaphase I and II chromosome aberrations remains uncertain . In the present 
st ud y, male mice were injected ip with CP. Unilateral orchidectomies were per
formed on day 3 a nd SC damage was analyzed by both light and electron micro
scopy. The remaining tes ti s was removed on day 13 and metaphase I and II 
chromosomes were ana lyzed for s tructura l aberrations and hyperploid y. Increases 
in SC breakageand metaphase s tructura l aberrations were found. Althoug h syn
aptic abnormalities were observed. no meta phase hyperploid y was apparent. No 
st at is t ica ll y s ignificant correla tions bet ween SC and chromosome damage were 
found . Further efforts to eva lu a te potenti a l correla tions involve the analys is of 
exposed cell populations identified at prophase and metaphase by tritiated th ymi 
dine label administered a t the time of drug treat ment. These s tudi es a re intended 
to provide a more precise analysis of the significance a nd fa te of unrepaired SC 
damage as germ cell s progress through meiosis . 
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T8 MEASU REMENT OF ONCOGENE AMPLIFICATION IN HUMAN LUNC 
TUMOR CE LLS . S. K. Hansen a nd J.M. Siegfried , EHRT. RTP. NC 27709. 

In recent st udies, amplification of several oncogenes, c·myr, L-myr, N-ras. and 
c·Ki -ras2, have been correlated with the trans formed s tate of certain lung cancers . 
In particular, the c-myc and L-myc genes have been shown to be amplified in the 
variant forms of s mall cell lung carcinomas . We were int erested in determining if 
other oncogenes are amplified in human lung tumor cell s and whether a pattern 
e merges with respect to oncogene and cell type. The approach used to address these 
ques tions was to isolate DNA from lung tumor cell lines and solid lung tumors. 
then to probe these DNAs with lung-relevant oncogenes to determine gene copy 
number relati ve to normal cell copy number. DNA from cell lines or solid tumors of 
6 adenocarcinomas oft he lung, 4 s ma ll cell lung carcinomas , 3 squamous cell lung 
ca rci nomas, I bronchiolo-alveolar ca rcinoma and I large cell lung carcinoma were 
tes ted for amplification of the c-myc, L-myc, N-ras. c-Ki-ras2 . and Blym oncogenes 
by DNA:DNA hybridization experiments. Two of the adenocarcinoma cell lines, 
H-23 and SKLU-1, s howed amplified c-myr and a solid adenocarcinoma tumor had 
an altered c-myc gene. None of the other genes were amplified in any oft he cell lines 
or tumors tested . These observations led us to conclude that amplification of 
oncogenes is not a generalized phenomenon and may not be useful in determining 
pattern s of transformation events in human lung tissue. However, alterations in 
the c-myc gene may be importa nt in the development of adenoca rcinoma of the 
lung. 

Thi s is an ahstrac1 of a proposed present at i1m and does not ne~:essari l y refle~.- 1 EPA poli ry . Work performe<l 1n supporl of l rs 
EPA ronrrar l 68 -02 - 4 ~01 . 

T9 ACTIVATION OF c-HA-1<As IN DNA FROM CHEMICALLY INDUCED HEPA
TOMAS OF THE B6C3F1 MOUSE . R. W. Wiseman 1, S.J. Stowers1. E. C. Miller .2 
B. C. Stewart,2, D. Grenier.2 M. W. Anderson 1, and) . A. Miller. 2 1NIEHS , RTP , 
NC 27709; 2Univ . Wi sc .. Madison , WI 53706. 

Activation of the C-Ha-ras proto-oncogene has been examined in DNA from well 
differentiated hepatomas initi a ted by a s ingle ip dose of a carcinogen to male 
B6C3F1 mice at 12 days of age (R. W. Wiseman , et al., (1986) PNAS 83, 5825-5829). 
DNA from 32 of 39 hepatomas (717 induced by vinyl carba mat e. 717 from N
h ydrox y-2-acetylaminofluorene. 11 / 11 from 1 '-hydroxy-2', 3'-deh ydroes tragole, 
and 7 / 14 from diethylnitrosamine) demonstrated transforming activity in the NIH 
3T3 transfection assay . Southern ana lys is of 3T3 focus DNA from 31 of 32 of the 
positive hepatomas revealed amplified and/ or rearra nged restriction fragment s 
homologous to a Ha-ras probe; the other tumor contained an acti va ted c-Ki-ras 
proto-oncogene. lmmunoprec ipit at ion of 3T 3 foci demonstrat ed express ion of a 
p21 protein that had increased mobility on SOS-PAGE analys is. The activating 
mu tat ions were cha racteri zed at the ONA sequence level by selecti ve oligonucleo
t ide hybridi za tion or restr iction fragment length polymorphi s m analyses ; each of 
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these tum ors cont a ined one oft hree hase subs titutions at the 1s t or 2nd pos il ion of 
codon 61 in the c-Ha-ms ge ne. These results have been ex tended to ti .. 11 1l'ct 

analysi " of base cha nges in codon 61 for tumor DNA from 65 additional BliC:3F1 
hepatomas induced by the following ca rcinogens: 7. 12 -dimet hylbenz(a)a nt hracene . 
benzo(a)pyrene. aflatoxin B, , ethyl ca rba mat e. vinyl carha mate, sa frol e. es tragol e. 
N-hydrox y-4-aminoazobenzene, and N-hydroxy-2-acetylaminofluorene. At leas t 
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tion . When s uspended in liquid media above an agar base. anchorage-dependent 
cont rol cell s showed a rapid decline in cell survival. whereas cell s tha t had pre· 
vious ly been treated with ca rcinogen survived in sus pens ion as multicellular 
aggrega tes . The bioassay takes 11 days, and the ear ly trans formation end point. 
su rvival in cellular aggregates (SAg•). is measured by counting viable cell s disso
cia ted from aggregates that were s uspended for four days. Chemica l carcinogens 
(7. 12-dimet hylbenza nt hracene. benzo(a)pyrene. N -met hyl-N'-nit ro-N-nit rosoguan · 
idine, 4-nitroquinoline-N-ox ide, and diet hylsti lbes trol), complex environment al 
mixtures, and the physica l carcinogen, ultraviolet irradia tion , induced SAg• dose
dependentl y. The bioassay di scriminated between ca rcinogens and noncarci no
gens without the addition of a metabolic activation system. The induct ion of the 
end point was correl a ted with progress ion to neoplas tic phenotypes in the same 
cell s , as evidenced by their morphological transformation, growth in semisolid 
medium , and tumorigenicit y in nude mice. The selection process of suspension of 
cell s in liquid medium resulted in the rapid expression of transformed phenotypes. 
The SAg• end point appeared to require the presence of the exogenous retrovirus, 
or the induction of the endogenous viral genome, since uninfected cells did not 
show a differential survival res ponse when carcinogen-treated , noncarcinogen
treated , or control cells were compared. The results indicate that agents can be 
assayed for carcinogenic potential rapidl y by in vitro transformation of target cell s 
selected by the integration and expression of retrovirus, and that the formation in 
s us pension of aggregated cell s following carcinogen treatment selects for the 
expression of subsequent neoplas tic phenot ypes. 

T3 ACTIVATION OF NITRO-SUBSTITUTED PAH BY CHEMICAL REDUC
TION IN THE AMES PLATE INCORPORATION ASSAY.]. M. Coldring, L. M. 
Ball , A. Gold. and R. Sangaiah, UNC-CH. Chapel Hill, NC 27514. 

Cyclopenta-f used isomers of pyrene and benz(a)anthracene, nitrated on the etheno 
bridge, were synthesized and tested in the Ames assay . Since enzymatic reduction 
would form arylhydroxylamines, which in turn would form highl y s tabili zed 
arylnitrenium ions, we hoped to test the hypothesis that the direct-acting muta· 
genie activity of nitro-PAH correla tes with the degree of s tabilization of the elec
trophilic intermediat e. We found that . while these compounds are mutagenic 
without S9. they are much less act ive than ot her nit ro PAH of s imilar molecu lar 
weight. 

We reasoned that these compounds may be poor substrates for the nitroreductase 
enzymes. If thi s were the case, chemica l reduction should produce s table active 
intermediates. We therefore reduced one of these compounds, 2-nitrobenz(l)acean
t hrylene (2 -nitroB(l )A). with zinc dust and ammonium chlor ide and immediately 
incubated the reaction mixture with Salmonell a s train TA98. As a control . we 
performed the identica l procedure using 1-nit ropy rene (I -NP) in TA98NR, w hich 
lacks the "classical" nit roreductases and is therefore insensitive to I -NP. I-NP was 
also tested in T A98 and 2-nit roB(l)A in T A98NR. 

I -NP was extemely acti ve in TA98NR (2800 rev/ plate at I µ g/ plat e with reduction 
compared to 60 rev/ plate without zinc) . indicat ing that chemical reduction does 
occur int hi s sys tem a nd is ca pable of producing a reactive intermediate. However . 
activ it y of 2-nitroB(l )A is onl y marginally increased by chemica l reduction (80 
rev/ plate at 5 µ g/ plat e with reduct ion . com pared to 60 rev/ plate without zinc). We 
concl ude that, whether or not nitroreduct ion of B(l )A occurs in Sa lmonell a. a ny 
intermed iates formed during the reductive process may not be reactive enough to 
generate genotoxic da mage. 

Supportt '<l lw Fl'A (; ra n I CRts~l 1>< 17 and a I INC CH Cr;1d11a lt' Sd11111I :\ .., ... , .... 1an1'h1p to J M <; 
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Pl OBSERVATIONS ON THE EFFECT OF IN VIVO ADMINISTRATION OF 
CYCLOPHOSPHAMIDE (C P) AND PHOSPHORAMIDE MUSTARD (PAM) ON 
SISTER CHROMATID EXCHANGES (SCEs) JN MULTIPLE TISSUES OF THE 
C57Bl/6 MOUSE .]. A . Campbell. 1 G. L. Erexson, 1 M. F. Bryant ,1 J. W. Allen ,2 and 
A. D. Kligerman .1 1EHRT. RTP. NC 27709; 2US EPA, RTP, NC 27711. 

Cytogenetic s tudies were undert a ken to investigate the relati ve SCE-inducing 
potency of CP and it s presumed active metabolite. PAM, in several ti ssues from 
male C57Bl/ 6 mice following in vivo exposure. After ip admini s tration of either CP 
or PAM , hepatocytes were grown on coverglasses, and peripheral blood lympho
cy tes (PBLs) were grown in I ml cultures (Campbell et al. 1986; Kligerman et al. 
1986) for comparison with the SCE response in bone marrow. At equimolarconcen
trations (50 µM ) bone marrow ex hibited a s ignificantly elevated SCE frequency 
after exposure to PAM or CP (Control : 5 SCEs; PAM: 44 SCEs; CP: 32 SCEs). 
Contrary to expectations, hepatocy tes and PBLs were much less responsive than 
bone marrow to the two compounds . At the same dose, hepatocy tes from mice 
treated with PAM had an increase of 12 SCEs per cell over baseline, but onl y a 4 
SCE per cell increase was observed in mice treat ed with CP. The same 50 µM dose 
of CP or PAM induced an increase of 16 SC Es/ met a phase or IO SCEs/ metaphase. 
respecti vely. in PBLs from treated mice. We are inves tiga ting reasons for the 
divergence in SCE responses seen among these tissues. 

This ,.., an 3bs tr<1 c1 of a proposf'<I prt'st'ntation and does not necessari ly rdlecl l1S EPA policy . 

P2 A COMPARISON OF THE FREQUENCIES OF CHROMOSOMAL ABERRA
TIONS AND MICRON UCLEI IN MOUSE PERIPHERAL BLOOD LYMPHO
CYTES EXPOSED TO GA MMA IRRADIATION IN VITRO. G. L. Erexson, 1 A. D. 
Kligerman ,1 J. W. Allen,2 E. C. Halperin,:1 and G. Honore.:1 1EHRT. RTP , NC 
27709; 2lJS EPA. RTP, NC 277 11 ; 10UMC, Durham. NC 277 10. 

Three repli cate experiments were designed to in ves tigat e both the induction of 
ch romosoma l aberrations (C As) and micronuclei (M N) in mouse peripheral blood 
lymphocy tes (PRLs) . Fifty ma le Cfi7Bl/ 6 mice were bled by ca rdiac punc ture, and 
mononuclear leurocy tes (MNLs) were isolated us ing Lymphocyte Separation 
Mediu m.'" The cell s were then pl aced in 6 ml polys tyre ne culture tubes cont ain ing 
6.fi x JO•; MN Ls in 4 ml of RPMI 1640. The tubes were exposed to cobalt -60 at a rate 
of s;i cGy / min to yield total doses of 0 . JOO. 200. :100. a nd 400 cGy . PBLs were 
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cultu red in RPM! 1640 medium supplement ed wit h 8 µ g ph ytohemagglut inin 
(PHA )/ml. At 21 h , the medium was removed a nd replaced with medium lacking 
PHA but conta ining either 5 µM bromodeox yuridine for CA a na lys is in fir s t 
di vis ion cell s or 3 µg cy tochalas in B/ ml for MN a na lysis in bi nuclea ted PB Ls . CA 
cultures were harves ted a t 42 h aft er a 3 h colcemid treatm ent (0 .S µ g/ ml ). MN 
cultures were ha rves ted a t 47 h us ing a cytocent r ifuge . In each replica te experi 
ment . CAs were scored in 200 meta phases/ dose and MN were qua ntit a ted in 1000 
cell s/ dose. A dose- related increase in both CAs a nd MN was observed in t he PBLs . 
At a dose of 400 cGy, CA ana lys is in fir s t di vis ion metaphases revea led 1.6-fold 
more damage than MN analysis in binucleated PBLs . MN frequencies closely 
pa rall el t he percentages of dicentrics at all doses s tudi ed . Meta phase a na lysis for 
CAs in mouse PBLs revea ls more damage tha n does scoring for MN a ft er irrad ia
tion . However. the ana lysis of both CAs and MN in mouse PBLs correla te well with 
the la tt er being a rapid a nd therefore more effi c ient assay . 

T his is a n ahstr~1 r 1 of a proposed 1>rt•st·n1a11o n and dot•s not nt'l't'S!'>etril y reflt '1·1 l! S EPA plfllicy. 

P3 THE INDUCTION OF SISTER CHROMATID EXCHANGES IN MOUSE 
HEPATOCYTES AND PERIPHERAL BLOOD LYMPHOCYTES FOLLOWING 
IN VITRO EXPOSURE TO PHOSPHORAMIDE MUSTARD. M. F. Bryanl, 1 ] . A. 
Campbell, 1 G. L. Erexson,1 A. D. Kligerman ,1 and]. W. Allen .2 1EHRT . RTP . 
NC 27709; 2US EPA, RTP. NC 27711 . 

In vitro studies were conducted to examine s is ter chromatid excha nge (SCE) 
induction by phosphoramide mus tard (PAM), the presumed active metabolite of 
cyclophosphamide (CP). in mouse hepatocytes and peripheral blood lymphocytes 
(PBLs). Hepatocytes were isolated from mice by enzyme perfus ion and cultured in 
medium containing 5µM BrdUrd according to publi s hed methods (Ca mpbell et al. 
1986). Cultures were treatedforthefirs t l h , firs t2h,firs t21 h,orthe las t21 h of a 
52 h culture with 1 or 5 µM PAM . PBLs were removed from mice by cardiac 
puncture, and mononuclear leucocytes were isolated us ing Lymphocy te Separa
ti on Medium <"> and cultured according to publi shed methods (Kligerman et a l. 1986) 
us ing RPM! 1640 medium supplemented with phytohemagglutinin (8µg/ ml) . Cell s 
were treated with 1or5µM PAM for either 1 h or24 h before mitogenic s timula tion . 
or during the first 21 h or the last 21h ofa50 h culture period . In vitro exposure of 
mouse hepatocytes and PBLs to PAM generated dose-rela ted increases in SCE 
frequencies. The result s also indicate that SCE induction by PAM is not cell cycle 
s pecific but depends u pon the a mount of time PAM is in cont act with the t arget 
ce ll s . 

Th is 1s an ahsl rnc l of a proposed prest·nl a l ion and does not lll't ' t•:-.:-.an ly n ·flt•c l l! S El'A policv . 

P4 A COMPARISON OF TH E FREQUENCIES OF CHROMOSOME BREAK
AGE IN MOUSE AND HUMAN P ERIPHERAL BLOOD LYMPHOCYTES (PBLs) 
FOLLOWING IN VITRO GAMMA IRRADIATION . B. Weslbruok-Collins. 1 A. D. 
Kligerman .2 G. L. Erexson ,2 J. W. Allen , 1 E. C. Halperin , 1 and G. Honore.:i 1US EPA . 
RTP . NC 27711 ; 2EHRT . RTP . NC 27709; 1DUMC. Durham. NC 277 10. 

As pa rt of a series of s tudies des igned to develop ri sk assess ment models for 
ch romosome da mage in hum a ns ex posed to genotox ica nt s . in 11i / ro experiment s 
were designed to investigate the rela ti ve radi osens it ivi t y of mouse and hum a n 
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ABSTRACTS 
TALKS 

Tl CHEMICAL CARCINOGEN S: A LITERATUR E REVIEW AND ANALYS IS 
OF 506 CHEMICALS AND THE ESTABLISHMENT OF TH E G ENE-TOX CAR 
CINOGE N DATA BAS E. S. Nes now a nd H. Bergman. US EPA . lffP . NC 27711 

T he lit eral ure on 506 selected chemica ls has been evaluated for ev idence that these 
chemical s induce cancer in experimental animals . This eva luation comprises the 
Gene-T ox Ca rcinogen Data Base. Three major sources of information were used to 
creat e thi s evaluated data base: assessment s from the Gene-T ox Carc inogenes is 
Pa nel hased on a critical rev iew oft he literature of 293 selected chemica ls, assess
ment s from the Int ernational Agency for Research on Cancer(IARC ) Monographs , 
a nd Na tional T oxicology Program/National Cancer Institute Bioassay Technical 
Report s . The 293 chemicals examined by the Gene-Tox Ca rcinogenesis Panel were 
selected for anal ysis based mainl y on their previous Gene-T ox eva luation in 
genetic tox icology bioassa ys. The literature data on these chemical s were evalu
ated in an organized , rational , and consistent manner. Criteria were es tablis hed to 
assess indi vidual s tudies employing s ingle chemical s. and four categories of 
respon se were developed: Positi ve. Negative. Inconclusive (Equivocal ). and lncon
clus ivf' . After evaluating each of the individual s tudies on a chemical. the Panel 
placed each chemical in an overall classification category based on the s trength of 
the evidence indicating the presence or absence of carcinogenic effects . An eight 
category decis ion scheme was est a bli s hed us ing a modified vers ion of the !ARC 
approach, and included two categories of Positive and two categories of Negative , a 
category of Equivocal , and three categories of Inadequate. Of the 506 chemicals in 
the Gene-T ox Carcinogen Data Base. 252 were evaluated as Sufficient Positive. 99 
as Limited Pos itive, 40 as Sufficie nt Negative , 21 a s Limited Negative , l as Equivo
cal , 13 a s Inadequate with the data sugges ting a positi ve indication , 32 a s Inade
quat e with the data sugges ting a negati ve indication, and 48 as Inadequate. The 
Gene-T ox Carcinogen Data Base provides a bas is for future in -depth analyses of 
genetic toxicology bioassay systems with regard to their abilit y to predict the 
carcinogenic effects of chemical s. 

T his ahsl ra r t does not nece:-. sa ry rd let'I EPA pol icy . 

T2 A RAPID IN VITRO BIOASSAY FOR THE DETECTION OF POTENTIAL 
CARCINOGENS AND FOR THE STUDY OF EARLY AND LATE TRANS
FORMED PHENOTYPES IN RETROVIRUS-INFECTED RAT EMBRYO CELLS 
W. A. Suk. ]. E. Humphreys, and]. D. Van Arnold . Northrup, RTP, NC 27711. 

A ma mma lian cell culture sys tem using Rauscher leukemia virus-infec ted Fischer 
ra t embryo(2FR...50) cell s was used as a model to s tudy the abilit y of chemical and 
phys ica l carcinogens to induce earl y and la te phenot ypes of neoplas ti c tra nsform a-
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Pl 1 RELATIONSHIP OF EARLY, CARC INOGEN -IN DUCED. ATYPICAL CELL 
COLONIES TO IN VI VO MALIGNA NT TRANSFORMATION IN T HE RAT 
TRACHEAL EPITHELIAL FOCU S ASSAY . VE. Steele, 1]. T. Arnold, 1 a nd M. J. 
Mass. 2 1Nort hrop, RTP , NC 27709; 2US EPA. RTP. NC 27709. 

Pl 2 DEVELOPING AN SAR BATTERY APPROACH FOR PREDICTING 
GENOTOXICITY. D. Walsh , 1 M. Mill er, 1 and L. Claxton .2 1EHRT , RTP. NC 
27709; 2US EPA , RTP, NC 27711 . 

P13 A NULL MUTATION AT CAR-2 IN THE MOUSE INDUCED BY ETHYL· 
NITROSOUREA. RES UL TS IN A NEW ANIMAL MODEL OF A HUMAN DIS· 
EASE . S. E. Lewis, 1 R. P. Erickson,2 L. B. Barnett ,1 P. Venta ,2 and R. Tashian .2 

1RTI, RTP, NC 27709; 2Uni v. Michigan , Ann Arbor, Ml 48109. 

8 

PB Ls. Whole blood was obtained from a human male subject by venipunct ure and 
from 50 male C57Bl/ 6 mice by cardiac puncture. The mononuclear leucocy tes were 
isolated by centrifugation on a dens ity gradient and s uspended in 4 ml of RPMI 
1640. They were exposed to cobalt -60 gamma radiation at a rate of 83 cGy/min to 
yield tota l doses of 0 , 100, 200, 300, a nd 400 cGy. Standard PBL cultures were 
establi s hed with BrdUrd ; the mouse cultures were harves ted at 42 hand the 
huma n cultures at 48 h . Chromosome aberrations were scored from firs t divi s ion 
cell s only . Human PBLs were more sensitive to the induction of dicentri cs than 
were mouse PBLs. The preliminary dose- response curve obtained for di centrics in 
mouse PB Ls was: Y = 0.00524x + 0.000140x 2• The respective curve for human PB Ls 
was: Y = 0.0327x + 0.000333x2• A comparison of the number of undamaged cell s 
after irradiation also demonstrates that the human PBLs are approximately 1.75 
times more sensitive to gamma radiation than the mouse PBLs. Since the DNA 
content of the PBLs is approximately equal, thi s suggest s that more than target 
size a lone is responsible for the sens itivity differences. 

This is an ahs trac l of a proposed presen1a1ion and does not nec:essaril y reflect lJS EPA policy . 

P5 MUTAGENICITY OF TOPOISOMERASE-ACTIVE AGENTS IN PHAGE 
T4 . B. K. Lawrence and D. M. DeMarini, US EPA, RTP, NC 27711. 

Biochemica l s tudies have identified a series of agents that s timulate DNA scission 
by mammalian topoi somerase II . This group of agents includes: adriamycin , acti· 
nomycin D, m-AMSA, ellipticine, and tenipos ide (VM-26). Of these, only m-AMSA 
has been studied thus far for its ability to stimulate DNA scission by prokaryotic 
(phage T4) topoisomerase II, and m-AMSA was found to s timulate DNA cutting by 
the T4 enzyme (Rowe et al. 1984). Because m-AMSA is a potent mutagen in T4 
(DeMarini, Lawrence, and Ripley , unpublished results) , we have inves tigated the 
mulagenicity in T4 of additional agents that have been shown to stimulate DNA 
scission by mammalian topoisomerase II or that may inhibit either the prokaryotic 
or eukaryotic enzyme. Log-phase£. coli BB was infected with T4 FCI I (an rl/B 
frames hift mutant) at an m.o.i. of 5 int he presence of the drug for I h at 37°C. Cells 
were diluted and lysed, and the phage were plated onto£. coli K38 (which selects 
for wild -type revertants) and onto E. coli BB (which permits both mutants and wild 
type lo grow, thus giving a measure of s urvival ). Plaques were counted the next 
day, and mutant frequencies were calculated. In addition to m-AMSA, only ellipti· 
cine, mitomycin C, nalidixic acid, and oxplinic acid were clearly mutagenic ; 9-
aminoellipticine and 9-methoxyellipti cine were weakly mutagenic (2·4 fold over 
background al 10% survival). Interaction studies indicated that novobiocin reduced 
the mutagenicity of m-AMSA ; s imilar s tudies with naladixic acid are in progress. 
Many of these agents are potent clastogens/ mulagens in mammalian cells . Thus, 
these agents appear lo exhibit a prokaryotic/eukaryot ic s pecificity that may reflect 
differences in topoisomerase II from the two types of organi s ms. Mutants induced 
by the mulagenic agents have been isolated and will be sequenced to determine the 
mutagenic speci fic ity of these agent s. Preliminary seq uence data suggest that 
m-AMSA a nd ellipticine induce mutations at a hot spot that may coincide with the 
phage T4 topoisomerase II primary cu t s it e. Thus, topoisomerase II may mediat e 
the mut agenicit y of these and related compounds . 

Thi :-. 1 ~ an :th, trat"I of a propo:-.fti pn·~<'nlal1on ancl cltM; '' no! lll'1' l''~ ari\~· rt•flccl l!S EPA pollq 1
• 
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P6 INJ!l iCTION OF PHAGE LAMBDA JN E. COU BY CHLORIN ATED PES
TICIDES. V. S. Houk and D. M. DeMarini, US EPA. RTP. NC 27711. 

No single assay can detect all classes of genotoxic compounds. Thus, several assays 
are often used complementarily so that the st rengths of one ca n compensate fort he 
limitations of another. The Salmonella mutagenesis assay is used frequentl y 
because it is relatively quick, inexpensive. and has been validated extensively . 
However, one important class of carcinogens that is not detected reliably by 
Salmonella is chlorinated organics. As an adjunct to the Salmonella assay, we have 
investigated the Microscreen assay developed by Rossman et al. (1984) to evaluate 
its potential usefulness for detect ing this chemical class. The assay measures the 
induction of A prophage in E. coli WP2s(A) and has been shown to detect some 
carcinogenic compounds that are not detected by Salmonella . After making some 
modifications in the protocol and in the method of data analysis, we tested a group 
of chlorinated pesticides (most of which are carcinogenic) for their ability to 
induced phage..\ . Included were the pesticides monuron, malathion, mirex , p,p'
DDT, lindane, nitrofen, chlordane, captan. toxaphene, and dichlorvos. All but the 
first four induced phage. The phage-induct ion assay detected chlordane and lin
dane, which are not mutagenic in Salmonella but which are limited positives for 
carcinogenicity. 

This is an ab!;;1rar1 of a pro1>osed presentation and does not nt"t·t·ssari ly reflect llS EPA policy. 

P7 GENOTOXIC EFFECTS OF HAZARDOUS WASTES IN A SET OF Sl:IORT
TERM TESTS. D. M. DeMarini, 1 ]. P. Inmon , 1 V. S. Houk, 1 S. Warren ,2 S. 
Sandhu, 1 G. Acedo,2 K. Brock,2 M. M. Moore, 1 T. Pasley,2 and R. W. Williams.2 

1US EPA, RTP, NC 27711; 2EHRT, RTP, NC 27709. 

Sixteen harzardous wastes of various types were evaluated for genotoxicity in a set 
of short-term tests . Dichloromethane (DCM) extracts of the wastes as well as the 
unextracted wastes were tested for mutagenicity in the Salmonella plate
incorporation assay using strains TA98 and TAlOO with and without Aroclor 
1254-induced rat liver S9. Ten of the wastes were fed by gavage to male F-344 rats. 
and the unextracted urine as well as C-18/ methanol extracts of the urine were 
tested in the Salmonella assay . All of the wastes were evaluated for their ability to 
induce phage lambda in E. coli by use of the Microscreen assay. Six of the wastes 
were tested for mutagenicity in a plant (Arabidopsis), and two were evaluated in 
L5178Y/ TK± -3.7.2C cells. Seven of the unextracted wastes were mutagenic in 
Salmonella, but three of the DCM extracts were not. Only three of the mutagenic 
unextracted wastes produced mutagenic urine when fed to rats. In general, the 
C-18/ methanol extraction procedure eliminated the toxicity associated with the 
mutagenic urine samples and resulted in a urine that was more potent than 
unextracted urine. The wastes that were mutagenic in Salmonella were also 
mutagenic in Arabidopsis. and one waste that was not mutagenic in Salmonella 
was mutagenic in Arabidopsis . One of the mutagenic wastes in Salmonella was 
tested in L5178Y/ TK± cells and was mutagenic in this mammalian cell assay. The 
genotoxicity of the wastes in the phage-induction assay will also be presented . 

Thi s is an abs1rart of a pro~1sNI prt'st·n1a11on ancl does nol necessa rilv reflrt: t llS EPA policy . 
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POSTERS 

Pl OBSERVATIONS ON THE EFFECT OF IN VIVO ADMINISTRATION OF 
CYCLOPHOSPHAMIDE (CP) AND PHOSPHORAMIDE MUSTARD (PAM) ON 
SISTER CHROMATID EXCHANGES (SC Es) IN MULTIPLE TISSUES OF THE 
C57Bl /6 MOUSE.]. A. Campbell, 1 G. L. Erexson , 1 M. F. Bryant, 1 J. W. Allen ,2 and 
A. D. Kligerman. 1 1EHRT. RTP , NC 27709; 2US EPA , RTP , NC 27711. 

P2 A COMPARISON OF THE FREQUENCIES OF CHROMOSOMAL ABERRA
TIONS AND MICRONUCLEI IN MOUSE PERIPHERAL BLOOD LYMPHO
CYTES EXPOSED TO GAMMA IRRADIATION IN VITRO. G. L. Erexson , 1 

A. D. Kligerman, 1 J. W. Allen ,2 E. C. Halperin ,1 and G. Honore.:1 1EHRT. RTP. 
NC 27709; 2US EPA RTP. NC 27711; 1DUMC . Durham , NC 27710. 

P3 THE INDUCTION OF SISTER CHROMATID EXCHANGES IN MOUSE 
HEPATOCYTES AND PERIPHERAL BLOOD LYMPHOCYTES FOLLOWING 
IN VITRO EXPOSURE TO PHOSPHORAMIDE MUSTARD. M. F. Bryant. 1 J. A. 
Campbell, 1 G. L. Erexson, 1 A. D. Kligerman, 1 and J. W. Allen .2 1EHRT, RTP , 
NC 27709; 2US EPA , RTP . NC 27711. 

P4 A COMPARISON OF THE FREQUENCIES OF CHROMOSOME BREAK
AGE IN MOUSE AND HUMAN PERIPHERAL BLOOD LYMPHOCYTES (PBLs) 
FOLLOWING IN VITRO GAMMA IRRADIATION. B. Westbrook-Collins, 1, A. D. 
Kligerman,2 G. L. Erexson.2 J. W. Allen, 1 E. C. Halperin,1 and G. Honore.1 1US 
EPA , RTP, NC.27711; 2EHRT. RTP. NC 27709; :1DUMC , Durham, NC 27710. 

P5 MUTAGENICITY OF TOPOISOMERASE-ACTIVE AGENTS IN PHAGE 
T4 . B. K. Lawrence and D. M. DeMarini, US EPA, RTP, NC 27711 . 

P6 INDUCTION OF PHAGE LAMBDA IN £. COLI BY CHLORINATED 
PESTICIDES. V. S. Houk and D. M. DeMarini , US EPA, RTP. NC 27711. 

P7 GENOTOXIC EFFECTS OF HAZARDOUS WASTES IN A SET OF SHORT
TERM TESTS. D. M. DeMarini, 1 ]. P. Inmon , 1 V. S. Houk. 1 S. Warren ,2 S. 
Sandhu, 1 G. Acedo, 2 K. Brock .2 M. M. Moore,1 T. Pasley ,2 and R. W. Williams. 2 

1US EPA, RTP , NC 27711; 2EHRT, RTP. NC 27709. 

P8 SOLID PHASE ADSORPTION AND RECOVERY OF URINARY MUTA
GENS FROM ENVIRONMENTAL TOBACCO SMOKE. R. Williams, 1 T . Pasley .1 

R. Watts, 2 J . P. lnmon ,2 and L. Claxton. 2 1EHRT, RTP, NC 27709; 2US EPA. RTP. 
NC 27709. 

P9 MUTAGENICITY OF INDOOR AIR IN A RESIDENTIAL PILOT FIELD 
STUDY. K. Williams. 1 J. Chappell, 1 S. Goto.2 M. E. Miller,1 and J. Lewtas. 1 1US 
EPA. RTP. NC 27711; 2lnst. of Public Health, Tokyo, Japan; 1EHRT, RTP, NC 
27709. 

PlO MUTAGENICITY OF WOOD COMBUSTION SOURCE AND AMBIENT 
SAMPLES IN THE SALMONELLA PLATE INCORPORATION ASSAY. 
S. Warren. 1 R. Zweidinger.2 V. S. Houk .2 R. Highsmit h,2 J. Lewt as, 2 and L. Claxton .2 

1EHRT. RTP , NC 27709: 2US EPA , RTP . NC 27711. 
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2:15 p.m . - 2:30 p.m. T6 THE ESTABLISHMENT OF A MICROCOMPU 
TER SYSTEM DEVELOPED FROM THE "COMPU 
TERIZED LABORATORY NOTEBOOK" CONCEPT. 
S . ]. Berkowitz, 1 W. L. Stanford, 1 and G. H. S. Strauss.z 
1EHRT, RTP . NC 27709: zus EPA, RTP. NC 277 11 . 

2:30 p.m. - 2:45 p.m. T7 CYCLOPHOSPHAMIDE-INDUCED DAMAGE TO 
SYNAPTONEMAL COMPLEXES AND METAPHASE 
CHROMOSOMES IN MOUSE MEIOTIC CELLS . L. C. 
Backer, 1 J.B. Gibson.2 M. J . Moses,2 D. A. Amtowrr. 1 and 
] . W. Allen. 1 1US EPA , RTP, NC 27711, 2Duke Univ .. 
Durham, NC 27710, :1EHRT, RTP, NC 27709. 

2:45 p.m . - 3:00 p.m . TB MEASUREMENT OF ONCOGENE AMPLIFI
CATION IN HUMAN LUNG TUMOR CELLS. S. K. 
Hansen and] . M. Siegfried. EHRT. RTP, NC 27709. 

3:00 p.m. - 3:30 p.m . T9 ACTIVATION OFC-HA-RAS IN DNA FROM CHEM 
ICALLY INDUCED HEPATOMAS OF THE B6C3F, 
MOUSE . R. W. Wiseman, 1 S . ] . Stowers, 1 E. C. Miller, 2 

B. C. Stewart.2. D. Grenier,2 M. W. Anderson,1 and J . A. 
Miller.2 1NIEHS, RTP, NC 27709; 2Univ. Wisc., Madi 
son , WI 53706. 

3:30 p.m. - 3:45 p.m . Break. Coffee and Tea, poster review, and exhibits. 

3:45 p.m . - 4:45 p.m. Key no t e Address: THE ROLE OF ACTIVATED 
ONCOGENES IN CHEMICAL CARCINOGENESIS . 
Marshall Anderson. NIEHS, RTP. NC 27709. 

4:45 p.m. - 6:00 p.m. Social. Light refres hment s. drinks. 

Scientific Evening 
6:00 p.m. - 7:30 p.m. Banquet 

7:30 p.m. - 9:00 p.m . SHORT-TERM TESTS AND THE WHOLE ANIMAL. 
Don Clive and Richard Welch. Burroughs Wellcome, 
RTP, NC 27709. 
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PS SOLID PHASE ADSORPTION AND RECOVERY OF URINARY MUTA
GENS FROM ENVIRONMENTAL TOBACCO SMOKE. R. W. Williams, 1 T . Pas
ley,1 R. Watts, 2 J.P. Inmon ,2 and L. Claxton. 2 1EHRT . RTP. NC 27709; zus EPA . 
RTP. NC 27711. 

Solid phase adsorbents (bonded si licas) were evaluated for their ability to recover 
urinary mutagens from cigarette s mokers. Cyano. octadecyl, and cyclohexyl 
phases were individually loaded with a pooled composi te of s mokers' urine fol 
lowed by subseq uent elution of the retained mutagens usi ng methanol. The muta
gens were solvent exchanged into dimethylsulfoxide then bioassayed usi ng the 
Kado Salmonella micro assay with metabolic activation . Mutagenic recovery from 
the various solid phases was found to bedependent upon the volume of urine loaded 
and the phase being evaluated . Cyano bonded si lica columns were found to consist 
ently recover greater quantities of mutagenic activity as compared with the other 
phases. Overall results indicate that the use of prepacked solid phase adsorbents 
when combined with micro volume bioassays (ex. Kado) can offer a fast. efficient 
means to determine the mutagenic activity found in cigarette s mokers' urine. 

P9 MUTAGEN ICITY OF INDOOR AIR IN A RESIDENTIAL PILOT FIELD 
STUDY. K. Williams, 1 J . Chappell, 1 S. Goto,2 M. E. Miller,:1 and J. Lewtas .1 
1US EPA, RTP. NC 27711 ; 2lnstitute of Public Health, Tokyo. Japan; :1EHRT, 
RTP. NC 27709. 

The mutagenicity of indoor air was measured in a pilot field study of homes in 
Columbus, Ohio during the winter of 1984. The study was conducted in two 
all -electric homes and eight homes with natural gas heat and appliances. The 
combustion source variables included woodburning in fireplaces and cigarette 
s moking. Samples were collected in three indoor areas (kitchen, living room, and 
bedroom) and outdoors adjacent to each home. Particulate matter and semivolatile 
organic tom pounds were collected using modified EPA medium-volume samplers 
with a semivolatile (PUF) trap. A micro-forward mutation bioassay employing 
Salmonella typhimurium strain TM677 was used to quantify the mutagenicity in 
solvent extracts of microgram quantities of the organics . Both the particulate 
matter and the semivolatile organics collected indoors and outdoors were muta
genic in this assay. The mutagenicity of the particulate matter, expressed as 
mutant frequency I m\ was highly correlated with the number of cigarettes smoked 
in the home. This was particularly evident for the kitchen samples. The muta
genicity (MF/ m3) of the semivolatile organics did not appear to significantly 
increase as a function of the number of cigarettes smoked. 

This is an abslrat·t of a proJX>se<l 1>resen tatinn and does not necessa ril y reflecl US EPA policy . 

PIO MUTAGENICITY OF WOOD COMBUSTION SOURCE AND AMBIENT 
SAMPLES IN THE SALMONELLA PLATE INCORPORATION ASSAY. S. 
Warren, 1 R. Zweidinger.z V. Houk ,2 R. Highs mith .2 J . Lewtas.2 and L. Claxton. 2 

1EHRT. RTP, NC 27709; 2US EPA. RTP. NC 27711. 

The Integrated Air Cancer Project Study (IACP) is an interdisciplinary research 
program designed to develop methods and a data base to determine the major 
sources and the identities of airborne carcinogens to which humans are exposed. 
As part of thi s project, particulate samples from both ambient air and woodstove 
sources were collected in Raleigh. NC and Albuquerque, NM. These samples were 
extracted and tes ted for mutagenicity us ing the Salmonella plate incorporation 
assay with s train TA98. Woodstove source samples showed increased mutagenic 
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activity with the addition of S9 in compari son with roadway and background 
samples which were more mutagenic in the absence of S9. The mutageni ci ty of 
laboratory source samples was comparable to that of home source sa mples. 
Ambient samples showed more mu tagenicity per cubic meter of air when sampled 
in the afternoon than in the morning. 

This 1s an al-...1rar1 or a propt1st'<I pn~..;<'nlati1m a nd d11t.' !-. rn11 rwt · t· ...,~;m l \· rdlt't 'I l lS l·. l' A p11ll( '\' 

Pll RELATIONSHIP OF EARLY. CA RCINOGE N-IND UCED, ATYPICAL 
CELL COLONIES TO IN VIVO MALIGNA NT TRANSFORMATION IN THE 
RAT TRACHEAL EPITHELIAL FOCUS ASSAY. V. E . Steele, 1 J. T . Arnold, 1 and 
M. J. Mass. 2 1Northrop, RTP. NC 27709; 2US EPA, RTP . NC 27711. 

To define and s tud y the initial stages of neoplast ic transformation in respiratory 
epithelial cell s, a series of morphologica ll y transformed cell colonies from 
carcinogen-exposed rat tracheal epithelial (RTE) cell cultures was characterized. 
Tracheal epithelial cell s were isolated from F-344 rats , plated on collagen-coated 
di s hes , and ex posed to 7,12-dimethylbenz(a)anthracene on day I for 24 h . Between 
days 26 and 30, colonies of morphologically altered cell s were isolated and classified 
into three major groups based on cell den s it y: class I-less than 1300 cell s/ mm 2; 

class ll-1300-2500 cell s/ mm2; and class III-more than 2500 cells/ mm 2. Following 
plating the cell populations were assayed for their ability to grow in various media 
a nd on various substrata . In general, classes II and III had a higher colony forming 
efficiency when replated in various media and grew better on all substrates tested. 
The population doubling times generally decreased faster in class II and III cell s 
than in class I cell s. The cell s were placed into denuded tracheal grafts which were 
transplated s ubdermall y into nude mice. Untreated cells produced a mucociliary 
epithelium , while the progression from class I to class Ill in culture was reflected 
by a progression in the animal towards a more transformed phenotype. These 
s tudies show that early carcinogen-induced premalignant RTE cell s differ in a 
variet y of characteri st ics and that at least three classes initially exist which 
become homogeneous with time. 

Supporied by US EPA Contract #68·02-410:1. 

P12 DEVELOPING AN SAR BATTERY APPROACH FOR PREDICTING 
GENOTOXICITY. D. Walsh, 1 M. Miller,1 and L. Claxton .2 1EHRT. RTP. NC 
27709; 2US EPA, RTP, NC 27711. 

A computeri zed SAR system (ADAPT) was used to classify a Salmonella data base 
of 114 nitrogenous cyclic compounds with 19 molecular descriptors. The average 
correct predictability for this data set was 89% and was determined by eva luating 
100 training/ prediction subsets. Actual predictive ability of the discriminants was 
demons trated by predicting the Salmonella mutagenicity of 40 aromatic amines . 
The aromatic amines prediction set was from the data base ana lyzed by the 
computer program CASE (computer automated st ruct ure evaluator). ADAPT cor
rectly predicted the mutagenicit y of 35 of the 40 aromatic amines resulting in 88% 
correct predictability , which correlated closely with the 89% established by the 
trai ning/ predicti on subset s. This predictive a bilit y was s lightly better than the 
84% correct predict ion sta ted in the CASE publication . The ADAPT correctl y 
identified some compounds that CASE missed and CASE correct ly identified some 
compounds that ADAPT missed . Anal ysis of compounds in a battery of computer
ized SAR systems would greatly increase the abi lit y to determine biological ac ti v
ity much the sa me way as using different s trains of bacteria and different assays 
are used to determine biological ac tivity . 

Thi ~ 1 ... an ahstract of a prnpost'tl prt-:-.l'nlatmn and cit){'s not nt't·rs~an l v reflt>t'I llS EPA poht·y 
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BASE. S . Nesnow and H. Bergm an. US EPA . RTP, NC 
27711. 

9:S5 a. m. - 10:10 a .m . T2 A RAPID IN VITRO BIOASSAY FOR THE DE
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10:10 a .m. 10:30 a.m. Coffee Break. Light refreshment s. 
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Noon - 1 :30 p.m. Lunch. Members hip a nd Financial Reports, Recognition 
of Exhibitors, Installation of Newl y-Elected Board mem
bers. 
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Gold, and R. Sangaiah. UNC-CH, Chapel Hill , NC 27514 . 

1:45 p.m . - 2:00 p.m . T4 COMPARATIVE GE NOTOXI C ITY OF SIDE
STREAM AND MAINSTREAM CIGARETTE SMOKE. 
L. G. Monteith. 1 D. M. Si mmons, 1 T . J. Hughes, 1 a nd 
L. D. Claxton. 2 1RTI. RTP, NC 27709: 2US EPA, RTP . 
NC 27711. 

2:00 p.m. - 2:15 p.m . T5 NON-RANDOM KILLING OFT-LYMPHOCYTES 
IN CRY OPRESERVATION . W. L. Stanford.' a nd G. H. S. 
Strauss.2 1EH RT . RTP . NC 27709: 2US EPA, RTP . 
NC 2771 1. 
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Pl3 A NULL MUTATION AT CA R-2 IN THE MOUSE IND UCE D BY ET HYL
NITR OSOU REA RESU LTS IN A NEW ANIMAL MODEL OF A HUMAN DI S
EASE. S. E. Lewis, 1 R. P. Erickson, 2 L. B. Ba rnett ,1 P. Vent a .2 and R. T ashian. 2 

1RTI , RTP , NC 27709; 2Uni v. of Michiga n . Ann Arbor, Ml 48109. 

Screening of (C57Bl /6J x DBA/ 22J )F1 progeny of ma le mice trea ted with ethylnit ro
sourea (ENU) revea led a mouse that lac ked the paterna l ca rbonic anhydrase II 
(C Aii). Breeding tests showed that thi s trait was herit a ble and due to a null 
muta tion a t the Car-2 locus on Chromosome 3. Animals homozygous for the new 
null all ele are runted and have impa ired acid/ base balance. These abnormaliti es 
are very s imilar to those of humans with the same biochemical defect. Studies to 
determine the molecula r defect caused by the mut ation are now in progress . The 
mut ant gene is apparentl y intact. and is tra nscribed . 

Supported in parl hy Con! ract #NO J -ES-5S07H from the Ntt l ion al l n ~ I it u te of Env ironmental Hea ll h Scif'n cr s . 
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GEMS would like to gratefully acknowledge the following companies 
for providing additional financial support of the Fourth Annual 
Scientific Meeting: 

FLOW LABORATORIES , INC. , is sponsoring the coffee and dani sh 
at 10:10 a.m. 

INTEGRATED LABORATORY SYSTEMS is co-sponsoring, with 
GEMS, the social hour at 4:45 p.m. 

ENVIRONMENTAL HEALTH RESEARCH AND TESTING is 
sponsoring the wine at the evening banquet at 6:00 p.m . 

BOEHRINGER MANNHEIM BIOCHEMICALS is sponsoring the 
Best Talk by a Junior Scient ist award. 
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Sales Engineer 
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LET ILS WORK WITH YOU 
T K Rao. PhD . PO Box 13501, Research Triangle Park. NC 27709 

919/688-6000 
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Genotoxicity and Environmental Mutagen Society 

Dear GEMS Member: 

Thank you for attending the Fourth Annual Meeting of the Genotoxic
ity and Environmental Mutagen Society . Each officer and board member 
hopes that this meeting will be informative and intellectually stimulating. 
We hope not only that you benefit from the oral and poster presentations, 
but also that you use the time to interact with one another and meet 
colleagues and students from the Triangle area . We also encourage you to 
contact the officers and board members and give them suggestions for the 
Society and recommendations for future meetings and events . 

GEMS is pleased to have Dr. Marshall Anderson as the keynote 
speaker at this year's meeting. He will discuss "The Role of Activated 
Oncogenes in Chemical Carcinogenesis." In a new experimental format 
for this year's meeting, a Scientific Evening will be presented in which 
Drs. Don Clive and Richard Welch will discuss "Short-Term Tests 
and the Whole Animal." In addition , scientists will be competing for the 
Second Annual GEMS Travel Award to attend the EMS meeting in San 
Francisco, and the award for best presentation by a junior scientist. 

SUSTAINING MEMBERS provide several valuable services to GEMS, 
and we strongly encourage each member to visit their exhibits, talk to 
them about the services they offer, and thank their representatives for 
supporting the Society. Many of our activities. including a substantial part 
of this meeting, would not be possible without their financial support. 

I would like to thank Dr. Gene Elmore for organizing this Fourth 
Annual Meeting. Having organized the meeting for the past two years. I 
know the amount of time and effort it takes to arrange this event. Al so, I 
would like to congratu late the new board members and to thank the 
retiring members for their service to the Society. 

Welcome to the Fourth Annual Meeting of GEMS. 

UL-b. Since~ely, 
A~ D. Kligerma'1 
President 

Post Office Box 13475, Research Triangle Park, North Carolina 27709 
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This program was prepared by Marion Zeiger Associates. Editorial 
Services. 1504 Lamont Court, Chapel Hill. North Carolina 27514 
(919-929-8875). Typesetting and printing were done by Universa l 
Printing and Publishing, Cameron Village. Ra leigh. NC (919-
821-4291 ). 
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