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R;es*ultu Manmallan Cell pomt Mutatlon\ASSay @1—657
Lot SW 79/3739~TD No, 80—16 Report, LB

QM—657 was. tested in the'Mous Lvmphdna Manmhan Cell Pomt

Mutatlon Assay; 151784 TK +/~ cellsy W
tl' 1, No mcrease in mutatlon freguer cy was- observed elther in the absence

th and without® rat -liver Sg aCtlva- L R



Spmng House, ‘Augt

alian Cell Point Mutation Assay

Q\I—G57 (TD No 80-16 1ot SW—-79/3739) was rtested by thton S
T mutagenlc art1v1ty in the,Mannmll 1 Cell Point Mutatlon Assay e
=-Mouse :Lymphama Cells were use both with and without rat 11ver o
SS9+~ aotlvatlon and ‘were selected for: muitants at the’ thymldlne kinase (TK):
: : : ;Were exposed to the test'canpoun dissolved in: DMSO - for 4~ hours
' : pplemented with: Lrglutamlne sod-
Jum’ pyruvate, and 10% horse serum reatment the cells were grown - and-
subcultured for 2 days and then cl Jinto- agar containing b-brano~2'- e
C tants;  -After incubation for approx1—rrv, R
,rejcounted and ccnpared to the results e

mutatlop frequen01es snnllar fo the nega—

ve: control values.ni i tivation mutation frequencies were also similar - -

?those of the negatlve wntrols at concentrations of 25 to 250 nl/ml . (approx
,Consequently Q=657 is inactive (no adverse effect)

it Mutatlon Assay both 1n the absence- and presence of

i is’a copy of the report from thton BlOHethS. Please con~. ¢
y. questlons conoernlng the report or test plocedures.r,','

m Y7 W -
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i Mouse Lymphoma Forward Hutat1on Assa'
(Rohm and daas Protoco] No. BOP 255

,431 Ed1t10n 2 S

:jn1u1at1onrDater  Héy?27,f1§§§3 §¢ZE$u
, ’C0mp1et1on Date Féb%ﬁaéi'é§‘}981:f'
su ;RVISORY PERSONNEL '77  '::2 -

: dy D1rector Br1an C MVhr,r

aboratory Superv1sor Jane F1sherr

, 2 and 3 on pages 5, 6 and 7.

,f_;:t'mater1a1 ‘ as’ 1mm1sc1b1e at- 100 u]/m] W1th de10n1zed
srs-buta: pa]e-y OW =1 ut1cn formed easily in. d1methylsu1fox1de";
~at the same . con rat1on - Stock: solut1ons were therefore pre--.

ulture wed1um conta1n1ng the ce]ls to 1n1t1ate
test material-at 100 w1/ml” -appeared to interact:.
*the po]ys rene cultureware, so’glass tubes and p1pets were:-use
) ver the DMSO stock solutions.  No scoring of plasti
ing the treatments of the cells in polystyrene tubes.
, ion:of test material: formed in the'culture med1um at

th]62 5 n]/m1 wasjcompletely 1etha1 The' mutat1on assay ‘was
*1n1t1ated with a-series: of concentrat1ons from']OO nl/ml- ,
: e S ;




'INTE:PREWA 10N OF RESULTS tin 7

The results of the f1rst mutat1on assay aiwrp?esented”ﬁn5Ta
bsequent]y, five more: tr1als w1th 59-metabolic¢ activation- onl
] ~In the second tr1a1 ‘the: DHN pos1t1ve contro] was

mutant frequency for: concentrat1ons up. to 200 n1/m] (

"3isat1ve’growth) The ‘third and fourth trials were unaccep
-+ Tow DMN-induced: mutant frequenc1es, ‘poor colony qrowth

,ﬂpens1on growth -
are g1ven 1anab1es 2 and 3'3; '

Under nonact1vat1on condwtaons,'concentrat1ons of[

0,78 n]/m] t0.100 n1/m). were ‘analyzed for the indu

'As shown in.Table 1, moderate toxicity. was observec

- increase in applied concentrations.

' ;cvty was obtained (10.9% relative growth). "‘gn1f1cant increases
in the mutant frequency were obtained for the treated cultures. The
minimum criterion for indicating mutagenesis ‘a-‘given treatment wa
“ra‘mutant frequency greater than 27.0 x 1 and the calculated fre
_-quencies remained essentially constant at’a level below: this. criter
- Thus, the test-material was cons1der to be,nonmutagenjtéundeh;non

?'f's{act1vat1on cond1t1ons

;jIn the presence of the 59 microsoma twvat1on mix, on]y weak or no =
“toxicity was observed for treatments. with concentrations up to -

7100 n1/ml;, which suggested'a ntaraction with the activation: system ?,:;:"
. In the first. trial (Table 1) “only one treated culture exhibited ar oo
““‘mutant frequency that exceeded-the minimum criterion of 43.8 x- 1078

~used to indicate:a significa esponse. ~The: other cu1tures exposedpf

“to. concentrations:of test’ ial ranging: from:25 n1/ml o 100 nl/ml -

““had mutant frequencies: belaw the minimum criterion.  Since the response

~at 50 n1/ml was isolate represented only a.2.1-fold increase over

“-the background, it appeared to be pur1ous and not indicative of any -
ty- by ¢ test material. Another trial Was’ necessar

to ‘extend the assay ore toxic: treatments to- prov1de v

test for the,prese ceraf: mutagen1c substances

w1th the relative growth reduced to: approx1mate1y 28-30% by the two
i - dos ~Treatment with 225 n1/ml (not suown) was: comp?ete]y
he cells: - The: mutant frequencies in the treated cultur

2Ty s1m11ar to the negat1ve controls and we]] be]ow the




: ﬁdn§ﬁn@éd)'7lf:

An-additional activation trial was performed with a number of duplicate,
and-triplicate treatments Within the 100 n1/m1 . to 300 n1/ml concentras’
“tion-range in a further effort to achieve highly toxic_treatmengi\kgﬁ,f, .

~oosulting in sufficient survivors to perform the assay;'—The:DMNép'\ﬁt1ye§,,;, j;_r,
: a'control,treatment}Wasralso'perfbrmedrin,dub]itate:tb‘demonstrgié5¢onsls;f;',w,1
‘tency in metabolic activation, and four solvent control cultives were -
- utilized to.provide an-improved-definition of the backgroynd-mutant =~
~frequency. - As shown in Table 3, ten.treated cultures wera analyzed for: . =
- the mutant frequency.  Only.one culture exhibited a muga _frequency T :
that just met the minimum criterion 45.7 x 1076 used t 81
nificant increase, and since this result was . isolate “the B
- of the assayed concentration. range; the increase onsidered to.be. - oo
- anomalous and not indicative of mutagenic activit the test material.. -
Triplicate treatments at 200 nl/ml-and 225 nl/m ‘moderately-to-
2w highly-toxic (18.8% to 6:1% relative growth rap and did not induce - -
_ increases in the mutant frequency related to t gree of toxicity. - oo
= Two treatments with 250 n1/ml were extremely oxic-and-a-third treatment . .
 (not shown) was too toxic to perform the assay.  Treatments with higher:
. concentrations (275-and 300 n1/ml1) were e ther too toxic to perform the -
‘assay br'tdmpJetelytletha],tofthe'ceT]s! This trial therefore confirmed
.= ina-rigorous -manner -the lack of mutagenic activity by.the test material:
2% .1n the presence of the rat Tiver S9 metabolic activation system. = = -
- The ‘average cloning efficiencies fi e negative controls (solvent . .-
. ..and ‘untreated) varied from 109% ot activation and from 71% (Table
+5:3). to 87% (Table 2) with activi “which demonstrated excellent
~-culturing-conditions- for the . > The negative control mutant
-~ frequencies were in the norma ge, and the positive control com- -
- -.pounds.induced normal mutant frequencies that were greatly in excess b
- -of the backgrounds. The ave e negative control suspension growth - .0
- 'was low in the activatio als:shown in Tables 1 and 2, presumably
- due to S9 mix toxicity th as also observed in other concurrent R
~Studies, but the growthiwas considercd sufficient to provide reliable = - =~
evidence for the lack ‘mutagenic activity by the test material. On: S
- October 20,1980, absolute criterion. of 8.0 for the average negative =
- control suspensi th was. established, although the desirable range
~Will remain appr Ty-12:t0 25. - In the first two activation assays - .-
““the -growth remg above 8.0, and a-high average suspensjon growth = = -
« factor of 28 chieved for the definitive third trial (Table 3). ‘An .
::8=fold-incret in ce11‘number*correSponds:t01threé{popu1ation goublings .o .
aliy'aSSQCiated~with'spurious;resu1ts—comparédSto'assays, AL
cratesy L s D R LN R
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ASSAY DESIGN (NO.

'*'The obJectire of,th1s study is to eva]uate the fest mater1a1@
:;ab111ty ‘to induce forward mutation in the L5178Y. TK+/- mouse>
~'cell line, as assessed by colony growth in the presence of

S deoxyur1d1ne (BrdU) or 5- tr1f!uorothym1d1ne (TFT)
'._>RATIONALE

,f°Thym1d1ne k1nase (Tk) isva cellu]ar enzyme that a]lows célls to sa1vage AR
“ina thymidine from-the surround1ng medium for use in DNA- synthesis. ~If a
" thymidine analog such as BrdU-is included in the-growth medium, the

analog will be phosphorylated via the TK pathway and be incorporated . :
" into DNA, eventnally resulting in cellular death. " Cells which are hetero---
- zygous-at -the TK locus (TK+/ g may undergo a s1ngle step forward mutat1on
“-to the TK -/~ genotype in which 1ittle or no.TK activity remains: Such:

‘;fmutants are-as-viable .as the: heterozygotes in normal medium because DNA

©: . synthesis proceeds by de novo synthetic pathways that do.not:involve -
L]fi*thym1d1ne as.an intermediate. ~The basis for selection of -the TK«/- e
o omutants is the lack of any ab1]1ty to.utilize toxic analogs of thymwdlne,_:r'

- “wnich enables-only the TK-/--mutants- to grow in the presence of BrdU.
©.Cells which grow to form colonies {in. the presence of BrdU are therefore -

i -assumed to have mutated, either spontaneous]y or- by the- actwon of a te;t e
"gsubstance, to the TK- / genotype , N ; e

.71MATER1ALS

'iwfﬁA.ifInd1cator Ce1ls f ':

';,The ‘mouse 1ymphoma ce11 lwne L5178Y'TK+/-, used infthisraésayiis;
“derived- from the Fischer L5173\ line of Dr. Donald Ciive. - Stocks

- are maintained: in: -Jiquid nitrogen and laboratory cultures-are per1odJif"

“Hcally checked for- the ahsence of mycoplasma contamination by = o
~eulturing. methods To reduce the:negative control frequency (spon-. .-
o taneous frequpncy) of’TK /=-mutants to as Tow level as-possible, cell.- -~
- cultures are exposed to conditions which select against the TK-/- .
" phenotype (exposure to methotrexate) and are then returned to norna]
, ;igrowth med1um for three or. more- days before use. S :

] ells. are maxntawned in. F1scher s moxse leukemwa ‘medium® supple-
'7,,mented w1th L-glutamine, 'sodium -pyruvate, and horse serum (10% by
me): - C10n1ng medium rons1sts of the preceding growth medium - :
“with the addition’ of ‘agar to a final concentration of 0.35% to achieve
: 'sem1sol1d state.: Se]ect1on medium is c]on1ng med1um conta1n1ng L




negat1 ve:c p
on untreated. ce]]s is. performed 4in all ca
- compound ‘is not soluble in growth medium, .
~(normally DMSO) is used;  the final concen
“dn. the growth medium’ w111 be 1% or less.:
..solvent 'in the medium-are also-assayed.
-_ri¢zcontro1 to determine any effects on sur :
= by:-the solvent. ‘alone. “For test SJbstaan ‘4
.~ tion, the untreated nd so]ventrnega iv
. the- act1vat1on m"ture : o

;'{°os1t1ve Contro]s

o 'fEthylmethane squonate (EMS) i$ higl
- of cellular-DNA and will~ beiused;a
“contrat for nonact1vat1on studies

"}¢’D1netﬁy1n1trosam1ne (DMNﬂ\ u1res metabo11c act1vat1on by
~microsomal -enzymes to become mutagenic and will be used at- .
. 0:3u1/ml as a pos1t1ve ccntro] for assays performed w1th act’-;r;
,vatlon 3 : : . 5 : e

s amg] Fo*ms

, 40]1d macer1als ar ssqlved in growth med1um, 1f posswble or 1n
"-DMSO, 'unless another:sglvent is requested. Liquids are tested by~
~. 7 direct addition. to he test system at predetermwned concentrat1ons or
' ,'fo]low1ng d11ut1o “ina su1tab1e so]vent S :

EXPERIMENTAL DESIGN

"?v?Dosage Selectwon (Cytotox1c1ty test1ng)

Y ubility of the test chemical in growth med1um and/or DMS
- first rmined. - Then a wide range of chem1ca1 “concentrations is:
tested for cytotoxicity, starting with a -maximum ‘applied dose of <10 ~
" for ‘test chemicals soluble in media  or 1-mg/ml for solutions i
solvents, -After an exposure time of four hours," the:cells
shed ‘and a“viable cell count. is obtained the next day. ‘Relative
‘totoxicities expressed as the reduction in. growth- compared to the:
- growth of untreated cells are used to select seven to ten doses ‘that
cover the range: from 0 to 50-90% reduction in 24-hour growth. - Thes
selected-doses are subsequently-applied to cell cultures prepared:
for mutagenicity ‘teiting, but ‘only four or five of the doses wil
‘carried through the mutant select1on process.. lh)s procedure ‘compen
sates for daily variations in cellular: cytotox1c1t and: ensures ‘th
ur_or five doses apaced from 0 to 50- 90 ‘reductii




' that reported by
, pector \1975),and 15 summar1zed as fol]ons.:

X ceHc for each
, ';es with selection
*“medium and res1stant (mutant) colon: S
“incubation.  To determine the actual number of- cells capabl
- forming colonies, a -portion of th 11 suspension is:also S
. .cloned in normal medium (nonselective).: The ratio of resistant
: ‘f;;co]on1es to. tota1 v1ab1e cell. num er i the mutant frequency L

f—s,'A deta1]ed f]ow d1agram for the utat1on assay 1s provwded,1n'n,frsf3"'
S Fzgure 1. : ‘ e

éAct1vat1on Assay

' The activati on assay can be run concurrentTy WTLh the nonact1va- :—J,:,r'
: f;irtwon assay. ~The on1y ‘difference. is the addition of the S9°
. fraction of rat iiver homogenate and necessary cofactors (CORE) |
~i-during the four«hour treatment period.-- CORE consists of NADP
(sodium salt) and: isccitric acid. The final concentrations. of .
. the activation system components jn-the cell suspension are; -
2.4 mg NADP/mT{:74 5 mg 1soc1tr1c ac1d/m1, and_SO,u1 S9/ml-

',5{59 Homogenate

; q supernatant prepared from Flscher 344 adu‘t ma1e
: ,rat Tiver induced by Aroclor 1254 (described by ‘Ames et al.,
~:1975) is-purchased from Bionetics Laboratory Products, g
','L1tton B1onet1cs, Inc. and used 1n th1s assay

o addd REVa G/




grow )T : Ul
: ,*Day 2.Cell Count/3) X (Day 3 Cell Count/3
i to 3 X 10- ;ce]]s/m1 after the da11y coul
han 4-x:10° 1

nomxnator
s1ons are not’ -

gach- so]vent cuntro]
: : values are derived .
Y d1V1d1ng the suspenswnn growth va1ue b rage solvent =
ontro1 va] and mu1t1p1y1ng by 100%

'-T:e average , n1ng eff1c1ency for”

is the average number of viable colonie

controls, divided by 300 and multi v 100%. In the computer
tables, the c1on1ng efficiency 0 hfculture is expressed- relative
ta the average solvent control:c g efficiency. Nhenever the number' e
C nts d1ffers from 300, the computer_:f;'

ca]cu]at1on of: the relative
, factor (300/ce11s seeded)'

) 'calculated as (re]at1ve susoenswon
f1c1ency/100) “Corrected values for
y are- used. in the cases where ther';
r,v1ab1e co]on1es d1ffers from 300 -

utant se]ect1on is. changed by ‘the same. factor

Te, 1f 250 cells are seeded for viable count, 2. 5 x’fﬁxi'g'"l

ded for mutant se1ect1on, the 10'“ factor rema1ns

Clivey.D: and'Spector, J F S Laboratory procedure for assess1ng
ific locus mutations at: the TK -ocus in cultured L5178Y mouse
I 'ce1ls Mutatxon Res., 31 17 29 1975 s
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-allo ,
tion and" ‘nonactivation portions ofthe mutation s
rformed:concurrently. ‘but each portion is in fac
positive and negative controls:
n “or nonac vation-assays will ‘be repeated independen
' satisfy the acceptance and evaluat1on cr1t

ng effic1ency “of the ive
y1vent and untreated. controls) shogldube between. .
1ue greater than 100% is"possibl ecause of error =
'10%) ‘and cell divisi gring ‘unavoidable = -
, ount1ng and cloning of ma 1 cultures. C]on1ng
jciencies belo % do-not necessar11y 3 dnca

onditions or. unhea1thy ce11 Assay. varia 3hcan lead- t--artificia
B 8- 70%. and.still yield
ys with: cloning efficienci
are cond1t1ona11y acceptalileyand dependent on the scientific .
t = AY)-ass gbe1ow 50% clon1ng eff1c1ency e

h rates and: clon1ng efficiencies within: exper1menta1 error. .
sual effect by the. solvent et ,',ind1cates an abnorma) cell -
state or: excessive amount v “in_the growth medium. s An assa
-will be. unacceptab]e 1f,t ] : nt relative growth-o o
--than about 70% of- the untreated contro] value.

“substandard culture Ry

e for the suspensmon growth of the average ”_7

d untreated-control vajues)-
ender an assay unacceptable: fo
of unrelwab1e measurementa

r toxicity of a given treatm
NdS to three popu1at1,n'doub11ngs over: the 2-da :
e most des;rab]e range for the negative. control ‘sus
1s-are capable of a 5-fold
1t1ons for 24 hou

freq,ency
) oise ca1cu1ated se for. 3
'S, even: though the same - popu] tion: ‘of cell
he activation. negat1ve contro]s conta1n the 59
' have a.somewhat higher mutant
- For both- conditions, the.
ned: w1th dwfferent ce 1;stoc
. ide” th1s rance ar




, ect: mutagen1c activity.
induced by 0.5 u1/ml EMS «(n :
;for 0 3 pi/ml DMN: (activation assay
~The concurrent background
s. These ranges age by

. y An assay
contro1j(1oss due to centan1nat1on or techn1ca1 ‘e

frequenry abo#e the Tower: 11m1ts of the nonn l‘ge
{3 norma1 range REy exceeded may requ1re urther: nterpretat' n by the

6}~ F mat i tagenic a t1v1ty;kan'aSSay
,st 1nc1ude app11ed concentrat1ons that yeduce the suspens1on ‘growth:
-5%:t0 10% of the: average solvent.c ol or reach the maximum: app11
ntrac1ons -given in- the ‘evaluatio teria. Suspension growth
d reduced growth rates. A 5%
3 ould correspond to 90% killing -
'fo11owed by growth of the survivo t one-half the normal rate for
one day and norma] growth for th

of mutagen1c act1on ie out ; .
the uncerta1nty in tn t ',1etha11ty of treatwent 1n*t e assay
requencies. ‘ihcrease -as-a. function: of 1etha11ty,
acceptab]e acsayt or:the lack of mutagenic-acti ity must-extend o
“10%: ve suspension growth range. . There is no -
ement for test mater1a1s wh1ch c]ear!y:show

An exper1meﬁta1 treatment that resc]ts 1n fewer than 2.5 x 106
d V'the two day growth period w111 not be c]oned for

o xper1me ta] mutant frequency wi11 be considered acceptable fo' S
relative cloning efficiency is 10% or ‘greater:
v1ab1e c1ones exceeds about 20 These T1m1ts




“for both the mutant- co1ony count and the viable colony counte
order- to ‘allow: for contamination losses, an acceptable muta/
--quency .can be calculated from a minimum of two dishes per§
_1colony numbers n: the two d1shes d1ffer by no more than a

for f1ve treated cultures are5 orma
,,eterm1ned in eaLh assay A requirea number of d1fféfén
. cannot be explicitly stated, although a minimum: of’%hreﬁ ana]yzed ,
-~ “cultures is'considered necessary under the most!fav ;ble test:cond1
to ac ept a sing]e ass; for eval at1on r Y. m ' :




ASSAY{ EuAtug\Ilou :'cm‘rf In

, posingﬂce]T cu turesrr
f concentrations of test material: that 1s expected, on:
-of preli"'ar toajcity studies,

“Then five dose levels are usual]y select
rpletwon of- the mutation assay. The doses are selected
~range of toxicities to growth with emphasis on the mos )
“An- assay may: need- to be repeatad w1th d1fferent’c ncentrat ons in

;The minimum cond1tion con>1dered nncessary to de
~forany given treatment |s a mutant frequency
~of ‘the concurrent background frequency by at leas
background frequency is defined as the average

he solvent and untreated negat1ve control
is based on-extensive experienca which. indicates: that assayivar1a,11
71ty increases with higher: backgrounds -and the calculated mini ;

- increase as defined above is often a repeatable results;: stat"t1ca1

: ;:ana1y51s for the conf1dence 11m1ts s et:auaj]ab1e;;;e

7iThe observat1on of a mutant frequency that meets the minimum cr1ter‘on,5:'

“ for a single treated culture within a range of assayed concentrations

- 45 not sufficient evidence to-evaluate a test material as a mutagen.

" The-following test results: must{_e'obta1ned to reach this’ conc1us1on
for e1ther actwvat1on or. nonact1v t1on cond1t1ons'

; '{A dose re]ated or toxic1ty related increase in. mutant frequency;EI';” :

" -should be observed. ‘It is desirable to obiain this relation
- for at least three doses, but this depends on the concentration
Siisteps.chosen: for: the;assay and the tox1c1ty at whwch mutagen1c
Lot act1v1ty appears“ : e : .

,f;;An increase 1n itant’ frequency may be fo]]owed by only sma]] :
““or’'no further increases at higher concentrations or tox1c1t1es.
g'However, A decrease in mutant frequency to values below the
2 minimum cr terion is not acceptable in @ s1ng1e assay for -
',gclass1fy1ng ‘the test material as ‘a mutagen. ~If the mutagen1c
activity at Jower concentrations or. toxicities was large, a-
',repeat assay w1]1 be perforned to conflrm the mutagen1c E
}actwvity , = - ,

'an increase of about two: t1mes the m1n1mum cr1ter1on or ,
greater is observed for a- s1ng‘e dose near- the h1ghest testab]e
Sta -

, ter1a1’u111 be considered mutagen1c.'i
s1ng1efdosernea ‘the h1ghest testab1e tox1c1ty




poo “The. proportlon of th :app11e
- 1n eracts with the. cells o
1 'repeatable -or -under
n-the frequency of indu
“changes -that cau:
: : §Therefore, eitl
parameter ~app11ed concentration or - N}
rowth), can be used to establish whether the: mutagen g?,
: 2d- to-an 1ncrease Ans effect1ve treatment regative
jose e correl
fon with tox1 1ty exists ~An apparent 1ncrea
ct1v1ty ?= a- funct1on of decreasing tox1

\.tes mater1a1 win be eva1uated as” onmutage iC AR
nly if the minimum increase in. mutant;frequency‘1§ not. observed for/ 2
range of applied concentratxons that exte toxicity caus1ng B
to 10% relative suspension.growth. 1f he st mater1a1 1s :
‘relatively: nont0x1c, the maximum applied ’
be 10 ‘mg/ml: (or 10 w1/m1) for water-so zble ter1als,or ] mg/ml
(or: 1/m1) for materials in organ o) ~Ifa repeat aSsay
does not confirm-an’ earlier, minima
the: test mater1a1 w111 be evaluated

S The ASSAY ACCEPTANCE AND EVALU
- ~the sponsor with=the cons1dera 35 used by the study d1rector to B
determ1ne assay va11d1ty and-the'mutagenic activity of the test: ,
I ay not encompass. all test s1tuat1ons," o
ther criteria, espec1a11y when-data=. " -
om - SEare ava11ab1e, toarrive .ata: conclusion.” -
he,report will: prov1f ; ‘eason1ng 1nvo1ved when departures from' B
e above descr1pt1 S = o o - & T




- P . : qu91f1
us'mutatxon assay us1ng mamma11an cells The test can a]so be/ se :
i mma]1an ce]]s

cribed dose 1eve1s are” acceptab]e and two or three
evel may be specrf1ed 1n spec1a1 protocols :

eochect1ve of th1s study is to eva]uate a‘test art1c:e for 1ts ab111ty—*

o induce forward mutation-in the L5178Y TK+/~ mouse lymphoma cell line, -
.+ as-assessed-by colony growth in the presenc f 5=brome= 2,,deoAyurJd1ne, e
{PJ'(BrdU) or 5= tr1f1uorothym1d\ne (TFT) ¥ ' PRI R

_;1thym1d1ne “from the surround1ng
- thymidine analog such ‘as Brd

';W11] be phosphory]ated v1a the athway and 1ncorporated 1nto DNA - even*iikig],

-Cells which are -heterozygous at the
1s1nn1e step-forward. mutation to the TK- /=
“TK activity remains. Such mutants are.as

iable" as the heterozy in normal medwum becauqe DNA synthesxs proceeds,": R

f;by:de novo syrithetic pat
“diate.” The basis f ALY
ability to-utilize toxic ana]ogs of thym1d1ne wh1ch enable only th 7TK /-’
,mutants to grow inotl ‘presence- of .Brdu. Ce]]s which grow to form colonles
n:the presence of B
pontaneous1 or b} he act1on of a tEot art1c1e torthe:TK /- ,genotyp

'>1ymphoma ce11 11ne to be used in th15 5178Y TK+/
ved from the Fischer L5178Y line by Dr. Donald Clive.. -
intained in 1iquid-nitrogen, and laboratory cultures:

odical y “checked for.:the-absence.of m/cop]asma contam]nat1on
cu]tur1ng methods TJo reduce the negat1ve contro1 T




of assay pr’cedureS'per
t1112ed 1n a]] cases. f

: n thp'mouse 1ymphomaf
So id art1c1es w111 be dlsso]ymd:1n gr '

d by direct” addition to i
at1ons or fo]]ow1ng d11ut1on i




' ed,for cytotox1c1ty, start1
‘ g/ml for sol1d test art1c1esi

our growth
cell cultures
4. or:50of the doses will be
rocess. ~This: procedure -com
’cytotox1c1ty and -énsure

a_Mutagen1c1ty Test1ng

,77113 :Nonact1vat10n assay"7~

: ;'Spector (1975) an
,jto ‘the’ test ar§1c

,,;-3,recovery growt
: '};Ce1] counts
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EXPER{MENTAL beICN (COPL)hUvd)

':;:rBy. Mutagen1c1Ly Tpsting

'7‘2;;1:Ac*tvat10n RdeJ f'r

vat‘on ass ay Tha onl y dxtfei
759 fraction of rat.liver’ homoqpnatv,an('
',durlnq tne 4= hour treatment periody” CuUR
- (sodium salt) and isocitric acid. The
. “the activation system componentw in tha cell
ibe:i 204 ‘mg NADP (sodium-salt) per. R RERRRE :
','acld per mll;llitnr‘rano 507 ulltvr ;‘9 pux mllllli(Pl‘

G Prepdvatlon of 9 000 X g SUP“'”“““‘ (“9)

'?F1schev 344 mJlL vat‘ will nurma]!y bn'u,nu as th';UU!(P>nf hvpllilv, i
“microsomes: - Inducition with Aroclor=1254,or another dqﬂn! SRR AR
by the-Sponsor, will be" performed. ly in)UL[]UH) Hodays: pviuv To ki
“After decapitationand. blvnd\ng, the Tiver will be dmmediately

jrdiésected°fromiphﬁ animal using duﬂpll( PLhH!qUP and placed in it 5
cold 0. 25M sucrose” buffered with s Catlplo 7o aroWhen dnrdﬂPqulv i ) e
~number-of-Tivers has been obtained, “the Lnllvriinn will be washed = oo :A'J\‘n

twice with fresh buffered: sucrose and completely: homogenized: !hcﬁf"
homogenate will be Lpnhrifuqod for 10 minutes = at-9,000 % g in a,f,'i‘ [
refrigerated centrifuge,. and the supernatant. (599 from thl.,cwn(ri%’*" i
fuged-samp e will bo retained and. frozen at B0 C BRI used i the.
activation system.. The 59 fraction may- be obtained: rom- lndU(Pd o
: non\nduced Idts or, othpr'tpnglca,,ai Pquthed R e

;j5:3f AssAY ACCEP[ANCL CRITCRIA

~An-as Jay norma1ly w111 be. consxdored ZCLEDtJb]P for -y J\unllnn ul Lob i
“resultsoanly Af alliof the criteria given on_the following page -are ,ntl;,
“fied. The activation and ‘nonactivation portionsi of the matatbonas says o
Care usua]ly performgd concurrently, but each portion-is, ‘in fact; an-indes

- pendent assay with its gun positive. and negative controts, - The activat:
. ornonactivation assays will:be repcated 1ndependunt¥/, as needed; Lo
a'fsat\sfy thc accnptance and cva]uatlon (r)Lvrla NI D B ST




ROTOCOL NO. 4
EDITION 2

L5178Y TK+/= MOUSE LYMPHOMA FORWARD MUTATION ASSAY =

ASSAY ACCEPIANCE CRITERIA (Cont1nued)

'at e conurots ﬁf,
1d be ‘between

;'y j'fThe average abso]ute cloning eff1c1ency of the
- (average -cf the solvent ana untreated controls { R
- -70-and 130%.. A value greater than 100% is. possiblg because of - -
= errors in cell counts {(usually 'z 10%) and cell ision during :
“unavoidable delays between the counting and-cloning ‘of many: cell
“‘cultures.  Cloning efficiencies below 70% ‘do not necessar11y
indicate substandard cuTture conditions .6r Unhea1thy cells, - f
~ Assay variables can lead to art1f1c1a11y'low cloning efficiencies
in-the range of 50 to. 70% and still yie nternally consistent
and valid results. Assays with clon: ficiencies in this
~+ range will be conditicnally acceptable-and dependent on the
~scientific judgment'of the Study AN assays below
50% c10n1ng ef 1c1ency w111 be ‘un

. ,The so]vent and untreated negatlve contro]s norma]ly have the" S S
same . growth vates. and cloning efficiencies within experimental” - Sl
error. ~An unusual effect by the solvent, therefore “indicates = . o

saan abnormal-.cell.state or an-excessive- amount of 5u]vent in ‘the

-~ growth medium. ~An assay: wil] be unacceptab1e if the average
© percent relative growthiof :solvent contro1s is Tess than about
,70 of the untreated contro] va]ue e

The average negat1ve control suspension growth ‘factor shou1d
- not be less than about 15.° The optimal value is 25, which
_corresponds to f1vefo1d increases in-cell number for each of
“the.2 days fol]" ng treatment of the experwmenta] cu]tur 1S

The background mutant frequency (average of the solvent and :
© . untreated negative controls) is calculated separately for concur= -
rent-activation and:nonactivation assays, even -though the' same.
yf cells is.used for. each -assay. . The activation e
: 'negat1v ¢ontrols contain-the $9 activation mix and typically -
“have-a.sotiewhat higher mutant frequency than the nonactlvat1on
,::negative controls. ~For both conditions; the normal range of
- background frequencies for assays performed with different cell " o
stocks is 5 x710-8 to. 50 x~10-8. . Assays with backgrounds outswde
STtkise range-are not. necessarily invalid but will not be used as
g r1mary evidence for evaluation of.a test artvcle These assays
;can prov1de support1ng evidence. - TR

1 BIONETICS - - 11/78; R 2/79



10USE_LYMPHOMA FORWARD MUTATION ASSAY

,SSAY ACCEPTANCE CRITERlA (Cont1nued)

-,;liAn exper1menta] treatment that resu1ts in fewer than 2 5 X 10”ifi!7?3ifn
~‘cells by the-end of the. 2 day growth perwod w111 not be. cloned—;—'

AL pos‘tlve contro] is 1ncluded w1th each assay to,pr0,1dr confw-;' S

-.'dence-in the:procedures used to detect mutagen’ Avity:s The 7 noros

S normal range-of mutant’ frequencies induced by 0:5>u11ters/m. S
~EMS (nonactivation assay): is-300 to- 800 x-10-8:ifor 0.3 pliters/ml -

-~ DMN. (activation assay) ‘the normal range is 200 to 800. % 10-6. - S

-The :concurrent background frequenc1es have’, been subtracted. from

~“these values. - These ranges are broad pr1mar1]y because the

effectwe treatment with these ‘agents:.is variable between assays:
“An assay will be acceptable in the absence of a pos1e1»e contrgl.
“(Yoss. due-to contamination: or technxca] ‘error) only if the test
article c1ear1y shows mutagenic activity as described in the

VCVf:eva1uat1on criteria; If the test article -appears to have no,

“or:only weak, mutagen1c activity, an acceptable assay must have
a-positive: contro] ‘mutant frequency above: the Tower Yimits: of

- the-normal range.  Assays in which the normal range is exceeded
- may requ1re further 1nterpretut1on by the Study O]rector T

For test art1c1es wwth 11tt1e or-no - mutagenlc act1v1ty, an assay
“must include app11ed cancentrations that reduce the suspension:

2 growth to 5 to 10% of thé: average solvent control or reach the -
“maximum: app11ed concentrations given in the evaluation criteria.

. =Suspension growth .is-a combined measure of ‘cell death and-reduced .-

- growth rates: A.5% relative suspension growth, therefore, could"
',correspond to 90% -killing followed by growth of the survivors
~.at one-half the normal rate for 1 day and normal growth for the:

,7'rsecond day, - At the other. extreme,-this condition could be -

.. -obtained by no: ki1]1ng and complete-inhibition-of growth for’

2 days “A-reasonabla 1imit to testing for the: presence of -muta-
~genic act1on is about 80 to 90% killing of cells. - Because ‘of -

o lthe uncerta1nty in the actual ]etha11ty of ‘treatment in the assay -
_-.and the-fact that mutant frequencies increase as a function of
;'71etha11ty, an - acceptable assay for the lack of mutagenic act|v1t/
- -must.extend to the & to 10% relative suspension growth range:.

-~ -There;is no maximum toxicity requ1rement for test art1e]es whxnn
r,clearly show mutagen1c act1v1ty : ,

"‘?;or mutant analys1s

S An exporlmenta] mutart frequency w111 be conswdered accep*ab‘ :

= for_evaluation only if the relative clon1ng efficiency is.10% = -
r',or greater and. the total number of viable clones exceeds -about e T

= -These:1limits avoid problems with the statistical distribu< <

8 t1on ‘of scorable colonies among dishes and-allow: factors no ST
“larger than 10 in the adjustment-of the observed number of mutana,

J ',{i c1ones to a unxt number of. ce]ls (105) ab]e to form co]on1es

711'/7'8-;; R2/79




E}CRITERIAt(Contrnu

E L N
X\,
| t frequencies are norma]ly der1ved from se gvof ébree di
for both the mutant: colony count” and viable co) ny To
}ow for contamination 1osses an acceptable ;ﬁt frequency
an be calculated from a minimum of two dishesyper set if the - . -
colony numbers 1n the two d1shes d1ffer by Ye -than -about =
thhreef01d : Sl X A

" The mutant . Frequenc ce1fdrffiye'treate¥ res are norma]]y

~ determined in each assay. A required nunt ar of different concen?r'“"'

~trations-cannot be. exp11c1t1y state aﬂthough a minimum of =

. three analyzed «cultures is ‘consideréd)necessary under the ‘most.;

© Y favorable-test’ cond1t1ons 1o acce 91ng1e assay for eva]uatwon
,:,of the test art1c1e - .

ASSAY EVALUAT]ON CRITERIA

Mutat]on assays are 1n1t1ated by ex =
_concentrat‘ons of ; test article that- expected :on the bas1s of: pre11m1- -
“nary ‘toxicity studies, to span  thi Jular-responses of .no ‘observed -
1ty to qrowth to comp]ete eth&11ty within 24 hours of treatment.
“$elected for completion of the mutat1on
_cover a range -of toxicities ‘to growth:
¢ ‘doses. ~An assay may need to be repeated
on to proper1y evaluate a test art1c1e

1. consi ered. necessary to demonstrate mutagenes1s 1or',ur .
11-be a mutant frequency that exceeds 150% of the . .. . =
quency by at least 10 X 10-, -The background
‘the average mutant- frequency ‘of the solvent and -
) .2 'The minimum-increase 1is ‘based on extens1ve,
‘dn ates that assay. var1ab111ty increases with higher
th s calculated minimum increase is often-a repeatable :
'na]ys1s for the confwdence 11m1ts s not yet ava11ab1e

n: of a mutant frequency that meets the m1n1mum cr1ter1on
reated culture within a range of assayed ‘concentrations 15
J ient evidence to evaluate a test article as.a mutagen. The - -
ngitest results ‘must be obta1ned to reach thlS conclus1on for e1ther
r _onact1vat1on cond1 1ons P E :

dose,rela ed or: tox ty re]ated 1ncrease 1n mutant frequency
hou1d be observed ‘It is desirable to obtain this relation
for at least three. doses, but this depends on the concentrat1on

ateps C osen for the assay and the.- tox1c1ty:at wh1ch mutagen1c 1?1; o




LYMPHOMA FORWARD MUTATION ASSAY

toxicity ]
“the test: art1cle w111 be: cons1dere mutagen1c
in g,e'dose near-the h1gh st te,tab1e tox

genet1c alterati
g measurab]e changes . in- thp'f

v,
ppl1ed concen ration or toxxc1ty (percent re}at1ve growt
“be: used to_esta Tish whether the mutagen1c activity is
crese in -effective treatment. A negative corre
s acceptab!e only if a p051t1ve correlation- -
AN apparent increase. in mutagenic: acf1v1ty
reaswng tox1c1ty 15 not acceptabue ev*dence

ate nonmutagenwc ina ,
se’ in. mutant frequency s, not. observed for a rang L
trations: that extends to- tox1c1ty ‘causing 5 to 10% rela--
rowth. " If the test article is relatively nontox1c “the: .
ncentrat1ons will norma11y be 10" mg/mi {or-10: pllters/ml)
e,art1c1es or: mg/m1 (or-1-pliter/ml) for articles in-':
o lfa repeat assay does not’ confirm an: earlier; ‘minima
the test art1c1e w11 ! va]uated a< nonmut

tudy D1rector toidvtermxne

ty and agenic act1v1ty of the tes; resenta
conpass;a\l test #ituations, and. the atudy Dwrec
ohc]us1on,¢
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