


chemical substances . 
3 .7.2C mouse lympbcsrraa cell line using . .e thymidine kin-se (TK) gene is the cell 'line and assay 
of` choice . The mouse lymphoma assay (MLA) was chosen because of a body of research 
indicating that many types of genetic alteratzc a ; detected . I . e a7srRy detects mutations known 

portant in the etiology of cancer and ouler hurnean gei c_,. , , mediated illnesses . There 
is evidence fhat the assay detects gene d ~tation 
Weletioris, translocatsons, mitotic reco 
at., 1930; Hcjzier, et al ., 1981 ; Moore, el ., i 

efficiency of detection of all of these mutational events is still ur 

r in vitro mammalian gene 
hamster cell lines (CHO, AS 

al., 198 
dy) (Appiegate et . 

nese 
) . In tbes 

lines the most commonly used 
guanine pho:>pborabosyl transfera 
transferase (XPRT), or ° "I'K. 

poxarithine- 

,genetic events . The autosomai 1ocai, 
not detected at the HPRT locus on the 

The various mutation assays are 
ot expected that a chemic 

assays . In particular, the bacteria] 
gene mutations. Furthermore, the 
detect chemicals tha 
These chemicals are , ms that cause chrornoso ly operating by mechar~~s 



{deletions, translocations, get 

Additional informati 

Forward mutation: 

and/or aneupioidy; . 

Id--?:~-De allele to a rautarzt: alleie . 

irasubstitution utagensw _Sr" irxc;es that cause substitution of one or a smai 
of base pairs in the 

Fa°aeshift utagensm Substances that cause insertion or deletion . of a nucleoti 
esus a disruption of the triplet translational readinj 

pressiori time: T 
fixed within the genome an 
phenotypic trait is altere 

uency: 

pleted to 

observed divided by thenumber of viable c 

:eiative survival () : The relative e'I ing efficiency of the tes 
after the cell treatment and compare 
at., 1986) 

i ve suspension growth (SG)_ s relative total two day suspension growth of the test 
culture compared to the total two-day s -,,pension ' growth of-' the vehicle control . (Clive and 
Spector, 19"75) . 

growth (TG) : R"i"G i = , °d as the measure of trea : t~ --"elated e 
the MLA. It is a measure of relative (~e, . ie vehicle cow :~ ol) growth c : test cultures both during 
the two-day expression and mutan 
culture is multiplied by the relative 
selection and expressed relative to -the c' : )raAng 

The established cell line L5 
requires the use of an exogeno 
assay, one using soft agar cionin 
1984) and one usingliquid me 
assay are equally acc 

Cells deficient in thymidgne i$:inase ("I'K' ue to the niutaiionTK-~- are resis 
eytostatae effects of the pyrinudine ~ r ~ ue triflucsrothymidine (Y' 4M. `l'K proficient cells are 
sensitive to T Fl', which causes the i~.~r : ; ..~c~r ~:~ cellular r~:e~.b~izs : .. 



ivision. Thus, mutant cells are able to proliferate in the presence of Yl1-71"9 whereas norm 
which contain the TK enzyzne, are not . 

lymphoma. cells are grown and ated with test h -t- in suspension culture . 
should be done both with and wi 
are cultured to allow pf 
and used to 
determined by seeding 
detect the mutant cells, and ha rntdiur~ ~,, :~:~out 
efficiency (viability) . After a sui 
frequency is derived from the nu 
viabili 

~ cause the assay was developed and c` r-cterized uspn 
cells, it is important that the ass 
It is advisable for all . 

:11$ et al ., it 997), 

that there are two normal looking chror 
re 

e for the ̀ I'K"'.-v3 .7.2,C cells b been 
rornosorne number for the L5178'-", . ""__3 .7.2C cell line is 40. There is one metacentric 

chromosome {t12;13) that should be co- ited as one chro:-kosome . Karyotyping and/or 
chromosome 11 painting should be pc:r . :Tned when esFa? _ :.shin ~ -aaster stock. Cell cultures 
need to be monitored for doubli .: _ Normal dou°).'* . - .: . ,s , :r~~rs.ll~ between 8 and 10 

Population doubling .time y' . 'ry ; checked when _master stocks. Cell cultures 
should always be maintained un( 
a general guidance, if a labcsrator) 
for no longer than 3 months . 

Appropriate culture inedia and inc ; tions e, C02 
concentration and humidity) should be used . It is pa 

¬ssen that ensure optimal growth of c;eIzs during the expressi 
ability of botb mutant and n+ 
conditions ensure o 
Leukemic Cells of used with thelV1LA .. 

The osmolalilty and pH of the medium should. be contit : !-) be in ' e physiological range (300 
± 20 mOsm and pH 7.0 ± 0a4) . Each lot < 

rawth in suspension culture (low and high cell densitie ` high plating elticiency 



and small colony mutant recovery ( urner et al . 1 

Cells are propagated from. stoe 
to use, the culture needs 
methotrexate to select against 

c1~ , 

added to the culture to ensure, op 

Cells should be exposed to the te 
metabolic activation sy=stem . The most 

itochoiidrial fraction (S9) prepa 
agents such as Aroclor 1254 
(Mitchell, et al ., 1997) .. The post- 
range from 1-1O% vlv in the final tc >t 
activation system may depend ~~~~i 

iate to utilize more 
alternative metabolic activation s 
Oglesby, e 

Test 
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Solid test substances shoul 

particularly with suspension 
ed if appropriate prior to trea 

olv( . or suspen 

the cultures or during the treatc~~-,y 
conditions where they are either :z,.solu 
eases, it may be possible to use lower ( 
(without metabolic activation 
chemical is soluble . Fresh ehe' 
demonstrate the acceptability 

The properties of the test substant: 
compound related to the selectivt 
selective toxicity by the test 
mutants and non-mutant cells ar 
spontaneous mutants may be s 
resultant increase in mutant 

considered car 

blems may occur, 
or to addition to 

cals using 
ment. In sonie 

in 

Ult-L" : ~I--- me 

(Turner et a1 ., 1984). 
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atant and no 
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mutants rather than from the ind utations ; This 
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ended that wherever 
used, their inclusion should be b ; data 
with the survival of the cells and. ~ :~~ 01'cuvity . If other 
should not be suspected of chemical re ;-don with 

include DMSO, acetone an 
can be removed using a molecular 

Criteria to be considere 

West. 

vent/ 
bliity® It is 

be considered first . 
er. Water 

compounds the maximum conce 

<> . v water--unstable substance 

solubility in the test system, ; 

due to the presence of cells, ~~~ se 

highest test concentration inc 
or osmolalaty . ,Fo 

sed with the MLA 

C3weveC, it 

compa 
ehicles are 

cytotoxlcity5 
totoxic 

end or the treatment, as solubility can 
medium to which cells are expos 
quantification of results . Evade 
the culture conditions, although 
Relatively insoluble substances should 

ions of the 

s 
the naked eye. 

conditions that could complicate qu 
d or the highest test cozae;en 

MLA it is reasonable to use the 
through to the later stages of the assay ; 
medium without the test co 
period, the cells are normally I 

1..,A. where the cells are , 
range is problematical with respect to slefi 

are selected . The mlcra~ 

-1 {culture . For the soft a. 
i .ae total growth (1ZTG) which 

JOund will be carried 
osslbie . Therefore, for I 
e hi-ahest concentration 

suspension during the ex 
gganally define 

version of the MLA, this has 
Cytotoxlclty should be determined for 

measure of cytotoxici 

les the relative growth 1n 

ne measure is supei 
fferent 

to the other, it is important 
measures of cytcstoxicity and, a 

R1G is measured in both versions, 

the cytotoxlcity measur 
en plated immediate 

assay. Because the RS is not 

The solvent/vehicle should be chosen t¢ ; -naxi 



concentration range for an ac,-,, - 
used for defining positive and n 

There are additional considerati 
conduct of the MLA. In the 

chemical is remove 
takes place approximately 24- hrs 
follflwinc, treatment, the cell 
cells per ml of rrzediu 
medium are generally not ad.) ust 
cytotoxicity to carry through the 
culture, the relative cell growth 
treatment, the cultures are again 
enumeration . The total two-dav 

is compared to the co 
Itures are cloned with an 

calculate 
efficiency for each culture 
RSG to obtain a relative tota 

the mrcrowe1i method, most laboratories c:oun 
exposure to the test chemical and adjust the densi 
treatment and the adjustment of cell d;: ity~ the cell c 
the agar method. Following the two-c .-'.1- expression pe 
plates, with arid without 'I' se 

To make the cytotoxicity measur 
users of the macrdweli method to 

th that can occur during tree 
ensity in each treated culture w 
y comparing the growth of eac 

a relative growth during trea e 
As an example, if following the 
106 cell/ml and the treated culture 

g treatment for that treated 
be 0.4 then the adjusted RS wour 
or 0.4- x n.5-0.20 (or 2O%). The 

uId be obtained by multiplying 
of mutant selection . 

st and for c ` tirx" 
Isc 

for 
al, the 

st cell count 
he 

s per 
ity, and usually have sustained too much, 

for mutan 
ach trea 

1ve suspension growth 
r$ierate. mutants and to 

escribed above, handling of the c- cur ;Ures following t: significant 
between the two methods This 
and the RrI"Ci, in the agar method, are c -` -°uIated to include ; any ?Herences that may occur in cell 
growth between the chemically treafe . ~ d ::ontrol cultures . However ; in the microweil method, 

itures are generally adjusted in ~ . . . ;ity following treatment and the RS, RSG and RTs 
calculated using the plating efficiency ~. .d cell growth that occurs following treatment. in other 

iai growth that (-.^c > L Aween the negative controls and the treatment 
cultures during the treatment phase of i assay is not factored into the calculation . 

is necessary 
o include the differential 

ornparrin 
.r 

4e to calculate 

rasity of 0.6 x 
growth 

is determined to 



The selection and spacing of doses is a : _ztic 
desirable to have more than on 

be 
he strat¬: 

ry ba: 
icz 

response . The assay 
cultures per dose 
spacing of doses c 
degree by 
have a prescribed number 
chemical is not rnutagenic or is o 

when duplicate cultures 
are used . 

For toxic test materials, the highest do-", ieyel should i 
levels that induce more than 
However, as noted beio 
10% RTG can be useful in the fi 

Significant increases in mutant, 
rnutagenicity at RTG >10%, do n( 

and the setectio 
Gted 
cessary to 
. When the 

alyzabie doses are 

. ion 
from the evaluation . 

obtained at 

While it as generally 
the validity of a test does n 

a test material induces large 
provide data points anywhere within tij 
mutagenic or that induce oni 
selecting doses that are expecto 

ing data points that can 
eiy 10-20% 

Therefore, it is recommended that 
values between 10-2.0%. Ho 
for a positive response the result ,~ 
in 10-20% ~2°T~ . 

When the mutant frequency is elevated 
not reached a level to be 

validity, will depend upon at 
may only be achievable by cond 

ease the probability of attaining d. 

some circur.nstances u 
~~n there is no culture shawin when 

outlined as follows : (J) There 
frequencies above those seen in the concurrent negative 
etc.) in a series of data points within 100% to 20% 1 
between 20 and 25% 
mutant frequencies above 
ranges, etc.) in a series of data 1, 
point between 10% and l % ~~`~`~ . 

hieve a maxim 
early satisfies the c.-iteria 

resulting 

curren 
.:. een 100% to 

c.iCground frequency 

0-20% range 
'ose range is modi 

X G range . 

situations are 
ponse, no r~~ 
ackgrounei ranges, 

d there is at least one data 

a1 backgrou 
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Vidence 



positive control chemica 

Positive controls should induce 
control in . the absence of S9 me 

hasc, sacul 

positive controls to be used with 

c~sai -. 

bcnzo(a)pYrcnc ; and 3-mcthyicho 
should be used for quality control 
colony mutants . Each laboratory muyt 

atavc controls . 

Negative controls, consisting 
the same manner as the treatment groul, 
should also be used unless there are 
mutagenic effects are induced by 

t 

Cells, growing in 
metabolic activation. 
However, it may also 
extend the treatment 

erimi'nt . 

d4LL re( 

0 
used, the 

irruta~c~~ic response . 

e appropriate posit 
opriate 

eat, 
contro 

ious or 

Conference on Harnio 
the standard 3-4 
treatment. 

aticn has re -oi 
ment bc 

Either duplicate or single treated ::u 
event, the number of concentrat co 
evaluation. Particularly, in satuati, 
be advisable to use single treated 
evaluated in a single experiment. 

tested . In either 

%eakly positive, it may 
ifferent concentrations 

Is, it is 
)licate riegal t . 

Gaseous or volatile substances 
vessels . 

the mutant phenotype. 

Each focus has a defined minimum time 

the end of the exposure period, cells 

Concurrent positive 
activation should be 



expression of newly induced rn ~s (Moore and. Cisve, 
without Selec i982) . Following the expression perzo 

for the determination of the num 

(Moore-Brown et at ., 198 1) and 

In the soft agar met 
resistant colonies a 

I'li,. . ,icy (used to caicu1ate 
tion 

(PE). That is, the MT" = (number of 
method, the plating efficiency ( 
Poisson distribution . The plating 
viability plates is calculated as foll 
probable number of clones/well (P) is 
total wells. The PE --- P/Nu 

(mutant)/F'E(viabie)) x 106, 

if the test substance is positive i 
one of the test cultures (gener : 
negative and positive controls . 
concerning the ability of the 
if the test substance is negati 
positive controls . Colony siz 
colonies are growing a 
positive control does not dernonst 
detection . 

Its 

Data should include cytotoxicity,, 
frequencies for the treated and co 
colonies are scored using the 
the test substance (highest po 

counts a~°~ 
:;ponse ; 

conce 

The molecular and cytogenetiC 
in detail (Applegate, et a!, 1990, 
large colony mutants are disting 

large and sma 
198 j 

differing size . Mutant cells that 1~ ;_ ve 
doubling times and thus forr~-i 
associated with chemicals that i 
cells grow at rates similar to the p °ataa ~~,ils 

The R5 (if determined), R°I'G d RSG shou 

t frequency), respectively . This r i r ; 

2000) . 

id be e ci 



Individual culture data should be prav` ; ..i 
summary data . Additionally, all data NiK :id be summarized in tall 

While there is no requi sponse, a corafirmatary 
information to determine experiment is often usefu 

whether the chemical. is positive 
modifying the test concentration: 

firmed by repeat testing usin ;:Y 
study parameters to exte 
experiments for either equivoc 
include the concentration spa conditions . 

There are several criteria for detetminir , a p 
reproducible increase in mut 

fication of 

criteria for evaluating the publis 
responses) can be used as guidance 
methods may be used as an aid in 
be the only determin 
also be considered. 

Although most studies wi: 

sting preferably by 
tment sho 

ificanc° should not 
ctor for a p 

preclude making a definite j u 
chemical will give equi 

he results should 

situations, it is generally not useful 
and they should be considered to 

Positive results for the 
sion of the thymidine kin 

concentration-related response 
that, under the test conditions, 
thymidine kinase gene in the 

It should be noted that positive results 
in vitro from changes in p 
al., 1997 and Scott, et al., 

The test report should include the 

tification data and CAS no., if known; 



physical nature 

s 

rationale for selection of conct 
data and solubility limitations, 

solve 

composition of media, CO 

period . 

e test substance .,_l 
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nt;entration 
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solubility and stability of the tes 

® type and s 

, 

of cells 
karyotype of cells 
number of cell cultures ; 

for maintenance of cell cu1= ~ ; 
absence of mycoplasma . 

® 
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volume of vehicle and test 

ysicochemical properties re 

tion temperature ; 
.R.2lJ8d time; 

e and composition of 
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schedules, if appropriate) ; 
selective agent(s) ; 

length of expression period (inclu 

criteria for considering tests as positive, n 
methods used to enumerate numbe 
efinition of colonies of which size arid , type are considered (including eni;eria for H small' and 

it colonies, as appropriate' 

signs of toxicity ; 
ns of precipitation ; 

® data on pH and osmolality durin . the c ;)o:ure to 
colony sizing (for positive telsa an 



dose-response relationshi 
statistical analyses, if any-, 

concurrent negative (soIventCvehicl 
historical negative (s~slventl~!e1~~ ¬ ;le)pos it~ 
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