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SUMMARY: Various noncarcinoqens, ult imate, proximate and procarcinogens 
were evaluated for the i r  ab i l i t y  to induce chromosomal damage using a n i n  
v~3tro/alkaline elut ion assay employing Chinese hamster V79 cel ls with or 
without a l i ve r  microsomal act ivat ion system. All of the ult imate carcino- 
gens and most of the procarcinogens caused increased elut ion of DNA. None 
of the noncarcinogens induced DNA damage. In general, the extent of DNA 
damage was dose dependent. 

The need for rapid and inexpensive assays to assess a compound's muta- 

genic and carcinogenic potential has become apparent with the increasing 

number of new chemicals being introduced into our environment. Investiga- 

tions using the sensit ive test strains of Salmonella typ~Lm~tZm developed by 

Ames have indeed shown a good correlat ion between compounds of known muta- 

genici ty and carcinogenicity and the i r  a b i l i t y  to induce h is t id ine revertents 

in the test strains (1,2). The addition of an exogenous rat  l i ve r  microsomal 

preparation to activate procarcinogens to the i r  ult imate form, great ly in -  

hanced the r e l i a b i l i t y  of the test .  In uJJtro transformation and detecting 

DNA damage and repair represent the primary short term assays which employ 

mammalian cel ls .  The former assay requires considerably more time than the 

Ames test and has been evaluated over a rather narrow range of compounds (3). 

In v i t ro  exposure of mammalian cel ls to several carcinogens altered DNA 

sedimentation patterns in neutral and alkal ine sucrose gradients (4) and 

induced repair synthesis of DNA (5). 

We wish to report the use of the alkal ine elut ion technique developed 

by Kohn, ~>t ~ (6), to assess chromosomal damage caused by carcinogens in the 
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presence or absence of a l i ve r  microsomal act ivat ion system. 

MATERIALS & METHODS 

Materials: Eagle's minimum essential medium (MEM) and L-glutamine were 
obtained from Microbiological Associates. Fetal cal f  serum was purchased 
from Gibco, Inc. and [z4C] thymidine (TdR) was supplied by New England 
Nuclear Co. HEPE's buffer,  NADPH, G-6-P, G-6-P dehydrogenase, Trypsin and 
EDTA were obtained from Sigma Chemical Co. Tetraethylammonium hydroxide 
(TEAH) was purchased from Aldrich Chemical Co. Other chemicals were reagent 
grade. Syringe f i l t e r  holders (Cat. #4320-I) were obtained from the Gelman 
Instrument Co. which held 25 mm polyvinyl f i l t e r s  (2 ~) purchased from the 
Mi l l ipore Corp. 

Methods: Crude rat or mouse l i ve r  microsomal preparation (S-9) was 
prepared as described by Ames (7), except the tissue was homogenized in 0.25M 
Sucrose containing O.05M KP04, pH 7.4. 

Chinese hamster lung f ibrob last  (V79) cel ls were cultured in 25 cm 2 
flasks containing Eagle's MEM supplemented with 10% fetal  cal f  serum, 2 mM 
L-glutamine and 20 mM HEPES, pH 7.4. The DNA was labelled by adding 
0.05-0.1 uC [14C] TdR. Radioactive medium was removed af ter  20-24 hours and 
the cel ls were incubated for 4-20 hours in non-radioactive medium. Cells 
were then exposed to test chemicals, e i ther in growth medium, or in the 
presence of an act ivat ion system, pH 7.4, containing S-9 fract ion (25 mg wet 
wt/ml), 1 mM NADPH, 1.5 mM G-6-P, 0.25 units/ml G-6-P dehydrogenase, and 25 
mM MgCl 2. Cultures employing the act ivat ion system were gassed with 95% 02. 
Following exposure to chemicals, the cel ls were washed with 5 mM phosphate- 
saline pH 7.4 (PBS) and trypsinized. Trypsinized cell  suspensions were 
di luted with cold medium without cal f  serum (4.0 ml) and placed on ice. The 
cel ls were isolated by centr i fugat ion, resuspended in growth medium, and 
frozen in l iqu id  N 2 for up to 48 hours. As an index for cel l  v iab i l i t y , •  
ce l lu la r  ATP levels were assayed in selected cultures at the time of harvest- 
ing. A Lab-Line ATP photometer was used to measure the luc f fer in  ac t i v i t y .  

A modified procedure of Kohn, P~t~Z (6), was used to elute single 
stranded DNA. A single polyvinyl f i l t e r  was placed in the syringe f i l t e r  
holder. The f i l t e r  holder was f i l l e d  with PBS and a 12 ml syringe was at- 
tached as a reservoir.  Cells were rapidly thawed and an al iquot was r e -  
suspended in 1.0 ml of 9BS and placed in the reservoir .  The suspension 
containing 103-107 cel ls was pulled onto the f i l t e r  using a pe r i s ta l t i c  pump 
(2.0 ml/min.). An additional 2.0 ml of PBS and 6.0 ml of lysing solution 
containing 2M NaCI, O.02M EDTA, and 0.2% t r i t on  X-IO0, pH 8.2, was pulled 
through the f i l t e r .  Lysing solution was rinsed from the f i l t e r s  with 5.0 ml 
of 1 mM EDTA, pH 7.8, and single stranded DNA was then eluted from the f i l t e r  
by pul l ing 13.5 ml of O.02M TEAH, O.02M EDTA, pH 12.2, through the f i l t e r  
(0.5 ml/min.). Radioactivi ty in the last  15.0 ml of eluate and that remain- 
ing on the f i l t e r  was determined. Recovery of radioactive DNA applied to the 
f i l t e r  was greater than 95%. 

RESULTS & DISCUSSION 

The ef fect  of d i rect  exposure of V79 cel ls to N-methyl-N'-n i t ro-N-ni t ro-  

soguanidine (MNNG) is shown in Figure I .  A 30-minute exposure to MNNG caused 
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Rates of elution of [14C] DNA from V79 cells exposed to N-methyl-N'- 
nitro,N-nitrosoguanidine (MNNG) for  30 minutes. Data is expressed 
as the per cent of the total  recovered radioact iv i ty .  

dose dependent increases in the rates of [z4C] DNA elut ion from the f i l t e r s .  

Similar increases in elution previously have been shown to be related to the 

size of the single stranded DNA (6).  Exposure of cel ls to methylnitrosourea, 

ethylnitrosurea,  methyl methanesulfonate, and ethyl methanesulfonate also 

gave dose related increases in the elution of  [z4C] DNA (Figure 2a). 

Methylating agents caused greater elution than ethylating analogs. This in- 

creased elution does not necessarily re f lect  the re lat ive  carcinogenic 

potential of these compounds since ENU represents the most potent carcinogen 

shown in Figure 2a (8) .  In this regard, the alkal ine elution assay represents 
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Figure 2a. Elution of [lhC] DNA from V79 Cells following a 2 hour exposure to 
alkylating agents. Methylnitrosourea (MNU) A A; Ethylnitroso- 
urea (ENU), • °; Methylmethanesulfonate (MMS), A A; Ethyl- 
methanesulfonate (EMS), o o. Data is expressed as the increase 
in elution over that observed in the controls. 
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Figure 2b. Elution of [14C] DNA from V79 cells following exposure to poly- 
cyclic aromatic hydrocarbons in the presence of the rat l iver 
activation system. Benzo[a]pyrene [B(a)P] 2 hours, A A; 
Benzo[e]pyrene [B(e)P] 4 hours, ° °; 7,12-dimethylbenzanthra- 
cene (DMBA) 2 hours,: a; 3-Methylcholanthrene (3MCA) 2 hours, 
• =. Data is expressed as in Figure 2a. 

a qualitative rather than a quantitative assay for carcinogenic potential. 

In the absence of the rat l iver metabolic activation system, polycyclic 

aromatic hydrocarbons did not cause increased elution of [z4C] DNA. However, 

dose related increases in DNA elution were detected when known carcinogens of 

this class were tested in the presence of the activation system (Figure 2b). 

Two noncarcinogens, anthracene and phenanthrene, did not cause increases in 

the elution patterns. 
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Increased e lu t ion of DNA was observed fol lowing exposure to addit ional 

u l t imate,  proximate and procarcinogens from other classes of chemicals. The 

resul ts  are shown in Table I .  While data are presented as pos i t ive or 

negative, dose responses were usual ly evident,  i .e. ,  greater e lut ion with 

increasing dose. None of the ul t imate carcinogens required metabolic 

ac t ivat ion to induce DNA damage. 2-Acetylaminofluorine (2-AAF) required 

ac t iva t ion to induce DNA damage in the ce l l s ,  whereas, the proximate and an 

ul t imate form of the carcinogen, N-OH-AAF and N-OAc-AAF, caused increased 

elut ion of DNA in the absence of the act ivat ion system at doses 1/30th as 

high as 2-AAF. 

Dimethylnitrosamine and diethylni t rosamine caused increased e lu t ion of 

DNA i f  e i ther  a mouse or ra t  l i v e r  act ivat ion system was employed. The mouse 

l i v e r  ac t iva t ion system gave dose related increases in e lu t ion for  both 

carcinogens, whereas, the ra t  preparation caused s ign i f i can t  increases in 

e lu t ion ,  but no dose response. As noted with d i rec t  acting methylating and 

ethy la t ing agents, DMN caused greater e lut ion of DNA than did DEN. 

None of the noncarcinogens tested caused s ign i f i can t  increases in the 

rate of DNA e lut ion.  Al l  of the ul t imate carcinogens and most of the pro- 

carcinogens induced s u f f i c i e n t  DNA damage to be detected by the a lka l ine 

e lu t ion assay. This increased e lut ion was detected at times when ATP levels 

of t reated ce l ls  were s imi lar  to those of control ce l l s .  Several procarcino- 

gens fa i l ed  to cause increased e lu t ion.  These include safro le,  l ' -OH-saf ro le ,  

DDT, d ie l d r i n ,  and cyclophosphamide. In the presence of the ra t  l i v e r  act iva- 

t ion system, safro le and cyclophosphamide caused increased e lu t ion.  This was, 

however, only detected when cel l  v i a b i l i t y  was low. Under such circumstances 

the data cannot be in terpreted,  since endonuclease a c t i v i t y  of dead ce l ls  can 

resu l t  in increased DNA elut ion.  Direct exposure of V79 ce l ls  to Captan 

resul ted in increased e lut ion of DNA at concentrations of 0.03 mM and above. 

However, no increase in e lut ion was detected When up to 3.0 mM levels of 
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Captan were assayed in the presence of the rat l i ve r  act ivat ion system. 

The i n  v ~ o / a l k a l i n e  elut ion assay represents a rapid, reproducible and 

inexpensive technique for detecting compounds with potential carcinogenic or 

mutagenic ac t i v i t y .  With the exception of cyclophosphamide, compounds which 

have given false negatives in the alkal ine elut ion assay have also been 

negative in the Ames system ( I ) .  
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