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PREFACE

The investigations described in this report were authorized under
Contract DAAK—ll—77-C— 01 06, of the same title as this report:
The Project/Task was 1M76425DO22-04. Work was begun in November
1977 and completed in Apri l 1978.

The use of trade names in this report does not constitute an official
endorsement or approval of the use of such comercial hardware or
software. This report may not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permission of the Comander/Director, Chemical Systems
Laboratory , Attn: DRDAR-CLJ-R , Aberdeen Proving Ground , Md. 21010;
however , DDC and the National Technical Information Service are
authori zed to reproduce the document for US Government purposes .
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EVALUATION SUMMARY FOR PNNA

PNNA proved to be a rnutagen for Salmonella typhimurium inducing
predominantly frameshift mutations and for the L5178Y mouse lymphoma
cells inducing mutation at the thymidine kinase gene. The response
in the mouse lymphoma assay was not strong compared to that obta i ned
in the Salmonella mutants but did meet the requirements for classification
as a mutagen. The results in the test for unscheduled DNA synthesis (UDS )
wi th noninduced mouse S9 mix , were negative. The UDS assay was active
when Aroclor 1254-induced rat liver S9 was used. The mouse lymphoma assay
was active with noninduced mouse liver S9. Another study using dye treated
paper also showed weak activity in a bacteria spot test. A mamalian cell
transformation assay was negative . This test did not use S9 mix and thus
the negative result must be considered inconclusive .

This evaluation , in conclusion , identified genetic potential for
PNNA in bacteria , L5178Y mouse lymphoma cells and UDS assay. The
fact that this potential was only weakly demonstrated in the
mammalian assay and was not expressed in the in vivo dominant lethal
test can be i nterpreted as an indication that PNNA does not represent
a serious genetic risk to marnals at low exposure levels. The data
could be used , however, to indi cate possibl e carcinogenic potential.

The differences appeared in the areas of potency and requirement
for 59 acti vation. No microsome activation was required for
mutagenic activity in the bacteria but appeared to be necessary for
activity in the L51 78Y cells and AG 1518 cells. This may
indicate that the bacteria are metabolizing PNNA to an active
mutagen at a high rate and possibly explains the difference in
activity between bacteria and mammalian cells.

Submi tted by

_ _ _ _ _  IT

David J. Brusick , Ph. D. D te
Director
Department of Genetics
and Cell Biology
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I. SPONSOR: United States Army

II. MATERIAL*

A. Identification: PNNA

B. Date Received: October 18, 1977

C. Physical Description: Dark red powder

III. TYPE OF ASSAY: Ames Salmonel la/i4jcrosome Plate Test

IV. PROTOCOL NO.: DMT 100

V. RESULTS

The results of this assay are presented in Table 1.

VI. INTERPRETATION OF RESULTS AND CONCLUSIONS

The test compound was exami ned for mutagenic activity in a series
of in vitro microbial assays employing Salmonella and Saccharomyces
indicator organisms . The compound was tested directly and in the
presence of liver microsoma l enzyme preparations from Aroclor-
induced rats.

The compound was tested over a series of concentrations such that
there was either quantitative or qualitative evidence of some
chemically —induced physiologica l effects at the high dose level .
The low dose in all cases was below a concentration that demonstrated
any toxic effect. The dose range employed for the evaluation of this
compound was from 0.1 ug/ml to 1000 pg/mi per plate .

The results of the tests conducted on the compound in the absence of
a metabolic system were positive with the strains TA-l538 arid 14-98.
Dose related increases ere obtained over the set of concentrations
beginning at 1 pg/plate in Trial #1 and at 0.1 pg/plate in Trial ~2.TA-lOO responded to the test compound in Trial #2.

The results of the tests conducted on the compound in the presence of
a rat liver activation system were positive with the strains TA—l538 ,
TA-98 and TA- l OU. The activity range for activation tests was similar
to the nonactivation results indi cating that no metabolic activation
is required.

*!nformation was suppli ed by the sponsor . If information was rot indicated
oy the sponsor , N .I. was entered .
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‘11. INTERPRETATION OF RESULTS AND CONCLUSIONS (Continued)

The test compound , PNNA exhibi ted genetic activity with strains
TA-1538, TA-98 and 14-100 in activation and nonactivation assays
conducted in this evaluati on and is considered as mutagertic under
these test conditions. These tests indicate that the test compound
does not require metabolic activation to cause genetic activity and
that the parent compound in itself is mutagen ic. The distinction
between Trial ~l and Trial #2 was the amount of histidine added to
the overlay tubes . The amount in Trial #2 was the standard amount
recommended by Ames. The amount in Trial #1 was slightly lower.

Submitted by:

Study Director

_ _ _ _ _ _ _ _ _ _ _  

2 7
0. R. Jagannath , ph .D. Date
Section Chief
Submammal ian Genetics
Department of Genetics
and Cell Biology

Reviewed by:

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Davi Brusick . Ph. D. Date
Director
Department of Genetics
and Cell Biology
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PROTOCOL

P’JRPOSE

The purpose of this study was to evaluate the test material for genetic
activity in a microbial as~ay with and without the addition of mamma-
lian metabolic activation preparations .

2. MATERIALS

A. Ind icator Microorgani sms

A description of strain verifica tion is given in Standard Operat-
ing Procedure.

Salmonella typh i rnurium TA-1535
TA- 1537
TA- 1538
TA-98
TA- 100

Saccharomyces cerevisiae 04

B. ~ctivatio n System

1. Reaction mixtu re

Component Final Concentration/mi

IPN (so di um salt)  ~4 ~mol
Glucose— 6-phosphate 5 pmo l
Sodiu m phosphate (di bas i c) 100 pmol
MgC12 8 ~imo1KC 1 33 ~molHomogenate S9 fraction 0.1 ± .05 ml

2. S9 homogenate

4 9 ,000 x ~ supernatant was prepared from Sprague-Dawley
adult male rat liver induced by Aroc lor 1254 five days prior
to kill according to the procedure of Ames et al . (1975).
S9 samples were coded by lot number and assayed for mil l i-
grams protein per rnill i l~ ter and relative P448/P450 activity
by methods described in LBI Technical Data on Rat Liver S9
Product.

5
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2 MATERIALS (Continued )

C. Positive Control Chemica ls

The chemicals used for positi ve controls ir~i the nonactivation and
activation assays are given ~n Table 1 of Section 1. Results.

0. Solvent

Either oeionized water or dimethy lsulfoxi ce (DMSO ) was use~ to
prepare stock solution s of sol id materials. A~l dilutions of test
materia ls were made in either deionized water or DM50. The so l-
vent emp l oyed and its concentration are recorded in Table 1 of
Section V. Result s .

3. EXPERIMENTAL DESIGN

A. Pla te Test 
~~~~~~~~~~~ 

Incoroorat ion)~
Approxim ately 108 ce l ’s from an overn ight culture of each indica-
tor strain were added to seoarate test tubes contai ning 2.3 ni
mo l ten agar Supplemented with bi otin and a trace of nist~oine.For nonactivation tests , at least 4 dose levels of the test com-
pound were added to tne contents of t~e appropriate tubes ar~dpourea over the surfaces of select ive agar elates. In activation
tests , at least ‘~ dose le vels of the test chemical were added .3
the apPropriate tubes witn cells. Just prior to pouring , an
aliquot of reaction ~ni xture (3.5 ml containing the 9,300 x ~ )i~er
homogenate) was added to each of the activation overlay tuces ,
which were then mixed , and the contents poured over the s.jrface of
a minima l agar plate and allowed to so lid~fy. The plates were
i ncubated for 48 hr at 37°C and scored for the number of Col onies
growing on each plate. 04 yeast ola tes were i ncubated at 30°C
(nonactivation) and 37°C (activation) for 3—5 days and tr~enscored. The concentrations of al l chemicals are given in TaDle
of Section i . Results. Positive and solvent contro s ~~~~ oot~directly active positive chemicals and those that require meta-
bolic activation were run with each assay.

* Certain classes of chemicals known to be mutagens ana carc nogens do not
produce detectable responses us~ng the standard 4rnes agar incorporati on
nethod. Some dia lkyl nitrosamines and certain substit~ited hydra :ines are
mu tagenic in suspension assays , bu t not in the d ate assay. Chemica l s c~these classes should be screened in a suspens i on assay.

6
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3. EXPERIMENTAL DESIGN (Continued)

B. Recording and Presenting Data

The numbers of colonies on each plate were counted and recorded on
printed forms . These raw data were analyzed in a computer program
and reported on a printout. The results are presented as revert-
ants (or convertants for 04) per plate for each indicatcr strain
employed in the assay. The positive and solvent controls are pro-
vided as reference points. Other relevant data are provided on
the computer printout.

4. EVALUATION CRITERIA

Plate test data consist of direct revertant colony counts obtained from
a set of selective agar plates seeded with populations of mutant ce l ls
suspended in a semisolid overlay. Because the test cnemical and the
cel ls are incubated in the overlay for 2 days , and a few cell divisio ns
occur during the incubation per iod , the test is semiquantitat ive in
nature. Although these features of the assay reduce the quantitation
of results , they provide certain advantages not contained in a quanti-
tat ive suspension test:

The small number of cell divisions permits potential niutagens
to act on replicating DNA , which is often more sensitive than
nonreplicating DNA.

The combined i ncubation of the compound and the cells in the
overlay permits constant exposure of the indicator cells for
2 days.

A. Survivin g Populations

Pla te test procedures do not permi t exact quantitat ion of the
number of cells surviving chemical treatment. At low concentra-
tions of the test chemical , the surviving population on the treat-
ment plates is essentially the same as that on the negative
control plate . At hi gh concentrations , the surviving population
is usually reduced by some fraction. Our protocol norm ali y
empl oys several doses ranging over 2 or 3 log concentrations , the
highest of these doses being selected to show slight toxicity as
determined by subjective criteria.

B. Dose-Response Phenomena

The demonstration of dose—related increases in mutant counts i5 an
important criterion in estab1~ sning rnu tagenicity . A factor that
mig ht modify dose-response results for a mutagen would be the

7
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4. E’IALUATION CRITERIA (Continued)

B. Oose—Response Phenomena

selection of doses that are too low (usually mutagenic ity and tox-
icity are related). If the highest dose is far l ower than a toxic
concentration , no increases may be ooserved over the dose range
selected. Conversel y, if the l owest dose emp l oyed is highl y cyto
toxic , the test chemical may kill any mutants that are induced .
and the compound will not appear to be inutagenic.

C. Control Tests

Positive and negative control assays are conducted with each
experiment and consist of direct-acting mutagens ~or nonactivationassays and mutagens that require metab olic biotransformation in
activation assays. Negative controls consist of the test compound
solvent in the overlay agar together with the other essential com-
ponents. The negative contro l plate for each strain gives a
reference point to which the test data are compared. The positive
contro l assay is conducted to demonstrate that the test systems
are functional with known mutagens.

0. Evaluation Criteria for Ames Assay

Because the procedures used to evaluate the mutagenicit~i of the
test chemical are semiquantitat ive , the criteria used to determine
positive effects are inherentl y subjective and are based primaril y

- on a historical data base. Most data sets are evaluated using the
following criteria:

1. Strains TA- 1 535, TA- 1537 , and TA- 1 538

If the solvent control value is within the normal range , a
chemical that produces a positive dose response over three
concentrations with the l owest increase eauai to twice the
solvent contro l value is considered to be mutagenic.

2. Strains TA-98, TA- l OO , and 04

If the solvent control value is within the normal range , a
chemical that produces a positive dose response over three
concen trations with the highest increase equal to twice the
solven t control value for TA- l OO and 2-3 times the solvent
control value for strains TA-98 and 04 is considered to be
mutagen ic. For these strains , the dose—”esponse increase
should start at approximatel y the solvent control vaiue.

8
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4. EVALUATION CRITERIA (Continued)

0. Evaluation Criteria for Ames Assay

3. Pattern

Because TA-1535 and TA- l OO are both derived from the same
parenta l strain (G-46) and because TA-l538 and TA-98 are botn
derived from the same parental strain (03052), there is a
built-in redundancy . in the microbial assay. In general the
two strains of a set respond to the same mutagen and such a
pattern is sought. It is also anticipated that if a given
strain , e.g. , TA-l537 , responds to a mutagen in nonactivation
tests , it wil l  generall y do so in activation tests (The
converse of this relationship is not expected.). While
similar response patterns are not required for all mutagens ,
they can be used to enhance the reliability of an evaluation
deci sian.

4. Reproducibility

If a chemical produces a response in a sing le test that
cannot be reproduced in one or more additional~ runs , the
initial posit ive test data lose si gnificance.

• The preceding criteria are not absolute . an~ other extenuating
factors may enter into a final evaluation decision However ,
these criteria are applied to the majority of situations and are

• presented to aid those individual s not familiar wi t~ this pro-
cedure . As the data base is increased , the criteria for evalu-
ation can be more fi rml y established.

E. Relationship between Mutagenicity and Carcinogenic ity

It must be emphasized that the Ames Salmonel lai Microsome ?late
Test is not a definitive test for chemical carcinogens. It is
recognized , however , that correlat ive and functional re 1ationships
have been demonstrated between these two endpoints. The results
of comparative tests on 300 chemicals by McCann et al. (1975)
show an extremel y good correlation between results of microbial
mutagenesis tests and in vivo rodent carcinogenesi s assays.

All evaluations and interpretation of the data presented in this
report are based only on the demonstration , or lac k, of mutagen i c
activity .

9
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ADDENDUM TO PNNA REPORT

RESULTS AND CONCLUSION

The tests were conducted on the paper which was impregnated with the

PNNA in the plate assays. The paper was cut into 1/2 inch squares

and was tested in the presence of rat liver activation system employ i ng

the Salmonella indicator strains TA—l538, TA—98 and TA-l0O. Increased

revertants were observed with these strains in the presence of test paper.

The average increase was sli ghtly more than 1.5 times the background

val ues in these cases. However, we did not notice clustering of the

revertants around the t~st paper (which happens while testing a positive

test material in the spot tests). The increases in number of revertants

could have occurred , possible due to the diffusion of the dye into

the surroundin g media. While these results do not meet our criteria

for activity in the standa rd overlay agar , they appear to indicate

a weak effect in this spot test.

Subm i tted by
• 

T~~-7i /

~~~1 ./ ( ~
0. R. Jagannath , Ph. 0. Date
Section Chief
Submaminal ian Genetic
Department of Genetics
and Cell Biology
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RESULTS

CLIENT: U.S. Army

COMPOUND : PNNA

ACTIVATION SYSTEM: Induced Rat Liver  S9

PROTOCOL USED: See Attached Protocol

DATE PERFORMED : June 12 , 1978

ACTIVATION

CONCENTRATION INDICATOR ORGANISMS (REVERTANTS/PLATEI

1/2 Square inch/plate TA-1538 TA -98 TA-lOO

Solvent Control* 19 42 210

Positive Contro l ** 846 907 829

Test Paper 1/2” square 36 56 350

Test Paper 1/2” square 37 71 284

Test Paper 1/2” square 27 78 348

* 50 vi Dimethylsulfoxide per plate (used to make dilutions of the positive
control compounds).

**TA...l538 and TA-98: 2-Nitrofl uorene at 10 vg/plate .
TA-lOO : N—methylnitro soguanidine at 2.5 jig/plate .

12
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PROTOCOL

1. PURPOSE

The purpose of this study was to evaluate the test material for genetic
activ ity in a microb ial assay wi th  the add i t ion  of mamalian metabolic
acti vation preparations.

2. MATERIALS

A. Indicator Microorganisms

A description of strain verification is given in Standard Operat-
ing Procedure.

Salmonella typhimurium TA-1538
TA-98
TA-100

B. Activation System

1. Reaction Mixture

Component Final Concentration/ml

NADP (sodium salt) 4 iimo l
Glucos e-6-phosphate 5 umo l

• Sodium phosphate (dibasic) 100 umol
MgC l~ 8 vmol
KC1 33 vmol
Homoge nate S9 fraction 0.1 ml

2. S9 homogenate

A 9,000 x j supernatant was prepared from Sprague-Dawley
adult male rat l i v er ind uced by Aroclor 1254 five days prior
to kill according to the procedure of Ames et al. (1975).
S9 samples were coded by lot number and assaye~~for milli-grams protein per millilit er and relative P448/P450 activity
by methods desc ribed in  LBI Technical Data on Rat Liver S9
Product.

13
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2. MATERIALS (Continued)

C. Positive Control Chemicals

The chemicals used for positive controls in the nonactivation and
activation assays are given in the results table .

3. EXPERIMENTAL DESIGN

A. Plate Test (Overlay Meth od )

Approximately lO~ cell s f rom an overnight  cu l t ure of each indicato r
strain were added to separate test tubes containing 2.0 ml molten
agar supp lemented wit h b iot in  and a trace of histidine. The test
paper (1/2 inch squares ) was placed on the surface of selective
agar plates , and then the overlay wi th cells and 0.5 ml of the
9 ,000 x j  tissue supernatant and required cofactors (core reaction
mixture ) was spread over the surface of the plate covering the
test paper. The plates were incubated for 48 hours at 37°C and
scored for the number of colon ies growi ng on each plate. Positive
and negative controls using chemicals that require metabolic activ- .
ation were run with the as say .

L . • .  ~~~~~~~~~• ~•~~~
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I. SPONSOR: United States Army

:i. MAT ERIAL *

A. Ident i f ’cat ion: PNNA

B. Date Received: October 18, 1977

C. Physical Descri pt ion: Dark red powder

III. TYPE OF ASSAY: In Vitro Transformation Assay

IV. PROTOCOL MO.: OMT-107

V . RESULTS

The result s of this assay are presented in Table 1.

VI. INTERPRETATION CF RESULTS AND CONCLUSIONS

The test material was prepared in OMSO and serially diluted
in medium to give the final test concentrations. The concentration
levels ranged from 0.312 pg/mi to 5 pg/mi . The highest concentration
was only slightly toxic to the BALB/313 cells. 3—tlethylcholanthrene
(t.1CA) was used as the positive control chemical at 5 -ug/rnl . DMSO
was added to the solvent control plates.

The test material was evaluated for its ability to induce morphological
transformation in BALB/313 cells. The results are shown in Table 1.
No increase in the frequency of transformation ~as ot tained at any
test level of the dye material . A significant increase in transfor-
mation was obtained with the positive control agent 3-t4ethylcholanthrene
All foci scored were Type III and were distri buted randomly over all
test plates. r~o dye treated cultures had greater than 1 foci per plate.

*:nfor~a~~on was suppli ed by the sponsor. ~f inf3r~ation .ias not incicated
by the sponsor , ‘~.I . was entered .

15
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1!: . :~ T Es pRET ~ T -~~i OF RE $i JLT5 ~ND 2 C NC LC S IO~ S (- :ont~ nL.edj

The test mate~-ia l , PNNA did not induce morpho logical transformation
in BALB/313 cells and ~as considered not active under the conditionsof th is assay . Because of the necessity for S9 activation , the lack
of response in this study mi ght be due to the lack of bioactivation by
m icrosornal enzymes.

Submitted by:

Study Director

~~~ ~~~~~~~~~ 
-
~~

Dale W. Mathesorr, P~.D. Date
A s s o c i a te  ~~rector and
Section Chief
Mammalian Genetics
and Cell Biolo gy

Reviewed by :

avid Brusick , Ph.D. Date
Director
Departme nt cf ‘ enet~ cs
and Cell Bio ’ o~y
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pA~~ IS 3~~T qu~LIT! pBLCT1C~~ 1
II~OM OQP~ I E~i1Sk~~ 1’O D~C

P~ OTCC3L.

P U R P O S E

The Durtose of tni~ St~~&J ~as to evaluate tne test ma te r i al 1C~~ 5n
ab ih t~ to induce m alicrant transformati on of BAL~13T 3 cells i~ .~ t o .
Ire cells were obtained from Dr. 1. KaKun aca. The basi c me tnc co~ og .
emp l oyed i; trat developed by Dr. T. Kakunaga (1973).

•. A T  D T . ~~r,, T\~~t~

Cel l s nere grown in Eagle ’ s mi n imal essenti al medium (E~EM) s~pp leTe nted
with 10% fetal calf serum (FCS). Cultures •~ere then passaged ~e e , ’ ~ “

~ .: mm culture disnes.

3 . E~, ?ER i~1ENTA L CES C~
A. Seeding

Approximately 1O~ cells —were seeded into a 25 cm2 fl ask arc
incubate d for 24 hr n EMEM to permit attachment.

B. Dosing

After the cell s were attached , the contro l and test chemica ls ~ereadded to the appropr iate plat es . Eignt to ten reclicates pe” ocac
level were prepared. 3-methylcho ’anthren e at 5 pg/m I ~as used as a
p ositi ve contr ol , and the test compound soli en t was used as tre
negative control. A minimum of 4 concentrations was tested ii crc
evaluat ion. The selecti t’ of dose level ; was based an ore l im ina ry
cytotoxic’tj tests measuring the reiat~~e c l oning efficienc y of 3’3
cells and a wide range of chem ical concentrat ions. Chem ica l
exposure was for 72 hr.

C. Incubation

After dos ing the ca ll s witn the control and test chemic als , tre
plates were washed free of the compound and repl enished with f r e a r
medium cont aining 5% FCS. The plate ; were then incubated an
additional 3-4 weeks with twice weekl y medium changes. Plates .~eremonitored dail y for cell integri ty .

2. Scoring

After incubation , the m ed ium was aspi~’ated from tre ce ll l-a~e”the cells were washed wi th oufferec sal~~e. The d ates .~are stain e-:
w ith Gi em sa , Nas hed . -a’ r—cr ied . and e~amir .ed for :ar~ l : ;ta~’-ecfoci. A l l pote ntial foci ..ere e; ani ned m ic’os coci :ail ,’ . ~results are present ed as the ruriOe r’ j foc~ per s~ t o e ci i cste
plates f o r  eacn concentra tion.

18
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4 . EV~ LU~ T IC~ C RIT E~~~
The enapoi nt of carcin ogen ic acti v~ ty is cete rm ’rec D~. crc o ” ese nc e
f ib rob 1ast ic - l~~e co lon ies w hich are 31:erea mor pro i :c ~ C a i ’ y in comcar~-son to the cel ls observed in normal cultures.

These cel l s grow in cris s-cross , random ly orien ted ‘asni on ~itn c~ e r_
l apping at the Deriphery of the colony . The cc 1 ony exhibits cense
piling up of cells.

On staining the foci are deepl y stained and the ce lls a”e basoph I~ c ~~i

character and variable in size. These changes are not observed jr nam e]
cultures which stain uniform ly.

In scoring , smaller foci , which are nearer to the larger foci , are no:
counted for the reason that tney are regardec as navi nç been d~s s e m~ ’e:e~from the latter.

Attempts -are made to maintain cell cultures 4itn ier~ lcw or no scc~’-taneous transformation. The data generated at eacn dose level ~f t re
test material are analyzed using a t statistic (Brownlee , 1965).

Because c~ the semi quantitative nature of this assay , dose resconse
curves are not essential for desi gnating a study positi ’ae. A si gni~ icant
set of data at any level may be sufficient to indicate a p o sit iv e
response.

The above criteria are cnly genera l guidelines for cur eva~uation. Lr t ii
the transformation assay becomes a routine test with an extens~~ehistorical data base , scientif ic judgment and expert consultation W 1 1
still provide the primary input into the final evaluation.

A l l plates w i ll be retained for 90 days following the a:say ~oinspection or verificat i on.

19
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CALCULATION OF t-STATISTIC

t-Statistlc for Two Means of Independent Random Samples from Two
Norma l Populations :

Define: 1 ni
i=~~1 E~~i1 = 1

1 nz
=

i . 1 = 1

x - y - d

\/~~ i 
+ - + 

~~~ z ‘~zfl 1 + I’~2 2

Reference:

Statistical Theory and Methodology in Science and Engineering,
K.A. Brownlee, John Wiley and Sons , 1965 .
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I. SPOhSOR: United States Army

I I .  MATE R IAL

A. Identification : PNNA

B. Date Received : October 18, 1977

C. Physical Description: Dark red powder

i l l . TYPE OF ASSAY: Mouse Lymphoma Forward Mutation Assay

IV . PROTOCOL NO.: DMT-l06

V . RESULTS

The data presented in Tables 1A , lB and 1C show the concentrations
of the test compound employed , number of mutant clones obtained ,
surviving populations after the expression period , and calculated
mutation frequencies. All calculations are performed by computer
program.

VI . INTERPR ETATION OF RESULTS AND CONCLUSIONS

A series of concentrations of the test material were made in culture
med ium from a stock solution prepared in DMSO. Two trials were
conducted using uninduced mouse liver S9 mix with concentrations as
high as 2 mg/mi of the test material . The toxicity of the compound
appeared hi gher in the first trial than the second. No explanation
could be given for the difference.

The test results from both trials of the Mouse Lymphoma Assay with
mouse S9 suggested that the dye material was mutagenic under activation
test cond itions. In Trial 1 , an increase in mutant frequency occurred
at the dose of 1.67 mg/mi ; the frequency was more than 2.5 times the
sol vent control . However, no dose-response effect was observed , even
at other relatively toxic doses. In Trial 2, a similar increase (greater
than 2.5-fold over the control) occurred at 0.75 mg/mi . Again , no
dose-response was observed. In Trial 3, Aroclor-induced rat liver S9
was employed , and no increase in mutagenic activity was observed that
meets our criteria for a positi ve response.

23
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VI. INTERPRETATION OF RESULTS AND CONCLUSIONS (Continued )

The test material , PNNA , was not mutagenic without activation or in
the presence of rat liver S9 metabolic activation. Wi th the mouse
liver S9 activat ion sys tem, however , there is a poss ible mutagenic
effect of PNNA observed in two trials of the assay. The l ack of a
dose-response nature of the effect may be due to solubility problems .

Subm itted by:

Study Director

~~~~~~~~ ~ .. ~~
~~O’L. Dale W .’ Matheson, Ph.D. Date

Assoc iate Director and
Section Chief
Man~nalian Genetics
Department of Genetics
and Cell Biology

Reviewed by:

uj i7 !
~
r

David J. Brusick , .D. ate
Director
Department of Genetics
and Cel l Biology
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PROTO COL

1. PURPOSE

The purpose of this study was to evaluate the test material for speci-
fic locus forward mutation i nduction in the L5178Y thymidi ne kinase
(TX) mouse lymphoma cell assay.

2. MATERIALS

A. Indicator Cells

The Fischer mouse lymphoma cell line used in this study was
derived from cell line L5l78’~. The cells are heterozygous for a
specific autosomal mutation at the 1K l ocus and are bromodeoxy-
uridine (BUdR) sensitive. Scoring for mutation was based on
selecting cells that have undergone forward mutation from a
to a 1K-/- genotype by cloning them in soft agar with BUdR.

B. Media

The cells were maintained in Fischer ’ s medium for leukemic cells
of mice with 10% horse serum and sodium pyruvate . Cloning medium
consisted of- Fischer ’s medium with 20% horse serum , sodium
pyruvate , and 0.37% agar. Selection medium was made from cloning
medium by the addition of 7.5 mg BUdR to 100 ml cloning medium.

C. Control Compounds *

1. Negative control

The solvent in which the test compound was dissolved was used
as a negative control and is designated as solvent contro l in
the data table. The actua l solvent is listed in Table 1 of
Section V. Results .

2. Positive controls

Ethy lmethanesulfonate (EMS), which induces mutation by base-
pair substitution , was dissolved in culture medium and used
as a positive control for the nonactivation studies at a
final concentration of 0.5 pl /m l.

Dimethy lnitrosamine (0MM), which requires metabolic bio-
transformation by microsomal enzymes , was used as a positive
control substance fcr the activation studies at a final con—
centration of 3.5 j.l/ml .
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3. EXPERIMENTAL DESIGN

A. Toxicity

The solubi lity , toxicity , and doses for all chemicals were deter—
mined prior to screening. The effect of each chemical on the
survival of the i ndicator cells was determined by exposing the
cells to a wide range of chemical concentrations in complete
growth medium. Toxicity was measured as loss in growth potential
of cells i nduced by a 4—hr exposure to the chemical followed by a
24-hr expression period in growth medium. A minimum of 4 doses
was selected from the concentration range by using as the highest
dose a level that showed at least 50% reduction in growth poten-
tial. At least 3 l ower doses , iicluding levels which were below
the toxic range , were added. Those compounds that were relatively
nontoxic to cells growi ng in suspension were tested at concentra-
tions of up to 10 mg/nil when solubility permitted. Toxicity
produced by chemical treatment was monitored during the
experiment.

B. Assays

1. Nonactivation assay

The procedure used is a modification of that reported by
Clive and Spector (1975). Prior to each treat~ient , ce l l s
were cleansed of spontaneous TK-/- by growing them in a
medium containing thymidine , hypoxanthine , methotrexate , and
glycine (THMG). This medium permits the survival of only
those cells that produce 1K, and can therefore utilize the
exogenous thymidine from the medium. The test compound was
added to the cleansed cells irs growth medium at the predeter-
mined doses for 4 hr. The rnutagenized cells were washed ,
fed, and allowed to express in growth medium for 3 days. At
the end of this expression period , TK- /- mutants were
detected by cloning the cells in the selection medium for 10
days. Surviving cell populations were determined by plating
di l uted al iquots in nonselective growth medium.

2. Activation assay

The activation assay differs from the nonactivation assay in - 
-

the following manner only. Two milliliters of the reaction
mixture were added to 10 ml growth medium containing the
desired number of cleansed cells. After adding the test
compound , the flas k was incubated on a rotary shaker for
4 hr. The incubation period was terminated by washing the
cells twice with growth medium. The washed treated ceUs
were then allowed to express for 3 days and were cloned as
indicated for the nonactivated cells.
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3. EXPERIMENTAL DESIGN (Continued)

C. Preoaration of 9 ,000 x ~ Sucernatant

Male , random bred mice (HA/ICR) were killed by cranial blow ,
decapitated , and bled. The liver was i mmediatel y di ssected from
the animal using aseptic technique and placed in ice-cold 0.25 M
sucrose buffered with Tris buffer at pH 7.4. When an adequate
number of livers had been collected , they were washed twice with
fresh buffered sucrose and completel y homogenized. The homogenate
was centrifuged for 20 mm at 9,000 x ~ In a refrigerated centri-fuge. The supernatant from this centrifuged sample was retained
and frozen at -80°C until used in the activation system. This
microsome preparation was added to a core reaction mixture to form
the activation system described below:

Comnionent Final Concentration /nil

1PM (sodium salt) 6 ~imol
Isocitric acid 35 ijmo l
Iri s buffer , pH 7.4 28 ~molMgCl2 2 ~.imolHomogenate S9 fraction 100 ~.il

0. Screening

A mutation index was derived by dividing the nusncer of clones
formed in the BUdR—contairsing selection medium by the number found
in the same medium wi thout BUdR. The ratio was then compared to
that obtained from other dose levels and from positive and nega-
tive controls. Colonies were counted on an electronic colony
counter that resolves all colonies greater than 200 microns in
di ameter.

4 . EVALUATION CRITERIA

Several cri teria have been established which , if met , provide a basis
for declari ng a material genetically active in the Mouse Lymphoma
Forward Mutation Assay. These criteria are derived from a nistorica l
data base and are helpful in maintaining uniformity irs evaluatio ns from
material to material , and run to run. While these criteria are reason-
ably objective , a certain amount of flexibility may be required in
making the final evaluation since absolute cri teria may not be apoli-
cable to all biological data.
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4. EVALUATION CRITERIA (Continued)

A compound is considered mutagenic in this assay if:

• A dose-response relationship is observed over 3 of the 4 dose
levels employed.

The minimum increase at the hi gh level of the dose— response
curve is at least 2.~ times greater than the solvent and/or
negative control values.

• The solvent and negative control data are within the normal
range of the spontaneous background for the 1K locus.

All  evaluations of mutagenic activity are based on consideration of the
concurrent solvent and negative contro l values run wi th the experiment
in question. Posit ive control values are not used as reference points ,
but are included to ensure that the current cell population responds to
direct and promutagens unOer the appropriate treatment conditions .

Occasionally, a single point wi thin a concentration range w i ll show an
increase 2.5 times greater than the spontaneous background. If the
increase is at the high dose , is reproducible , and if an additional
higher dose level is not feasible because of toxicity , the chemical can
be considered mutagenic. If the increase is internal within the dose
range and is not reproducible , the increase will normally be considered
aberrant. If the internal increase is reproducible , several doses
clustered around the positive concentration will be examined to either
confi rm or reject the reliability of the effect.

As the data base on the assay increases , the evaluation criteri a can ~eexpected to become more firm ly established.
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I. SPONSOR: United States Army

I I .  MATERIAL~
A. Identification : PNNA

B. Date Received : October 18, 1977

C. Physical Description: Dark red powder

III. TYPE OF ASSAY : Unscheduled DNA Synthesis

IV. PROTOCOL NO.: DMT-108

V . RESULTS

The test materi al was evaluated for its ability to induce
unscheduled DNA synthesis in normal human foreskin fibroblasts .
The results are presented in Tables 1 , 2, 3 and F igure 1.

V I .  INTERPRETATION OF RESULTS AND CONCLUSIONS

Studies with Mouse 59 Mix

A toxicity test covering a series of concentrations of
5 ug/ml to 100 ~ig/ml was conducted. Based on the lack of toxicity
this dose range was employed in the test. Under test conditions ,
it was observed that substantial toxic effects were obtained in
the activation assay. A second test (Table 2) was conducted using
lower concentrations.

The test material did not induce any indication of compound-related
UDS in either study . The levels of 3H-thymidine incorporation were
near 100% of the controls over the first two test concentrations and
the two highest concentrations resulted in signif icantly lower
uptake. This may be attributed to compound i nduced inactivation of
repair enzymes. The level of response from Benz(cx)pyrene was not
signif icant as a positive control at either 1 ~g/ml or 10 ~g/ml .

Studies with Rat S9 Mix

A third study was conducted (S9 activation only) using PCB-induced
rat 59. The results showed a dose—related increase significant
at 5 ~g/m l .
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~ 1. ! T ERPR ET ~ T~ CN OF RE~ UL~~ ~ND C~ Y J C~ L’L ~ - N~ ~Con~ i n~ cd)

Based on these data , the test materi al , PNNA was no t
active in the Unscheduled DNA Synthesis Assay with noninduced
mouse tissue but did show significan t UDS wi th PCB-inducedrat l iver .

Submitted by:

Study Director

Dale W. Matheson~ Ph.D. Date
Assoc ia t e  Difector and
Section Chief
Mammalia n Genetics
Department of Gen et ics
and Cel l  Biology

Reviewed by:

~~~~~~~~~~~~~~~~~~~~~~~~~

Da id Brusic , Ph. D. ate
Director
Department of Genet ics
and  Ce l l B i ol~~ .’
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TABLE 1

UNSCHEDULED DNA SYNTHESIS IN NORMAL HUMA N FORESKIN FIBROBLASTS

AG 1518

CLIENT: U. S. Army DATE OF INITIATION : March 14, 1978 —

LBI ASSAY # : 2414 S9 SOURCE: Noninduced ?-louse

CHEMICAL : PNNA CELLS: AG 1518

SOLVENT: DMSO

PERC ENT
TEST CONCENTRATION 3.IgDNA DPM/ug DNA OF CONTROL

Tri l
Nonactivation

Negative Control -- 12.87 115.5 100

MNNG 5 ~g/ml 18.15 406 .0 261*

Test Compound

PNN A 5 ~g/m1 18.15 102.0 88

PNNA 10 ~g/ml 25.91 112.4 97

PNNA 50 ~g/m1 20.30 55.8 48

PNNA 100 ~g/ml 22.44 52.5 45

Activation

Negative Control -- 13.70 191.9 100

BctP 10 ~g/m1 16.17 193.9 101

Test Compound

PNNA 5 ~g/m1 19.80 145.4 76

PNNA 10 ~g/m1 21.78 171.6 89

PNUA 50 ~g/m1 16.50 34.3 18

PNNA 100 ~g/ml 20.96 48.8 25

*Signiffcantly different from the control value .
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TABLE 2

UNSCHEDULED ONA SYNTHESIS IN NORMAL HUMAN FORESKIN FIBROBLASTS

AG 1518

CLIENT : U . S. A rmy 
— 

DATE OF INITIATION: Jul y 5, 1978
LBI~ASSAY # : 2414 

- S9 SOURCE: Non induced tiouse

CHEMICAL : PNNA CEL LS: AG 1518 
—

SOLVENT: DMSO

PERCENT
TEST CONCENTRAT ION gDNA DPMhg DNA OF C ONTROL

NONACTIVATION

Neqative Control -- 24.75 46 100

Positive Control 5.0 pg/mi 25.58 123 267
(F4NNG)

TEST COMPOUND:

PNNA 0.5 pg/mi 17.30 35 76

PNNA 1.0 pg/mi 22.28 28 61

PNNA 5.0 pg/mi 22.11 34 74

PNNA 10.0 pg/mi 24.42 20 44

ACTIVATION

Negative Control -- 30.86 50 100

Positive Control 1.0 pg/mi 29.04 54 108
(BaP)

TEST COMPOUND :

PNNA 0. 5 pg/mi 31 .52 39 78

PNNA 1.0 pg /mi 22 .28 42 84
PNNA 5.0 pg/mi 41 .25 37 74

PNNA 10.0 pg/mi 21 .94 34 68

MNNG N—methy l-N’-nitro—N-nltrosoguani d-t ne * -

Bc~P = Benz( )pyrene

- 
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TABLE 3

UNSCHEDULED DNA SYNTHESIS IN NORMAL HUMAN FORESKIN FIBROBLASTS

AG 15 18

CLIENT : U . S. Army DATE OF INITIATION : September 14 , 1978

LBI ASSAY #: 2414 S9 SOURCE: PCB-induced Rat

CHEMICAL : PNNA 
—- 

CELLS: AG 151 8

SOLVENT: DMSO
- 

PERCENT
TEST CONCENTRATION igONA DPM/ig DNA OF CONTROL

NONACTIVATION

* 

Solvent Control

Positive Control
(MN NG) NOT CONDUCTED

TEST COMPOUND:

ACTIVATION

Negative Control -- 22.04 25 100

Positive Control 5.0 ug/ml 21.19 59 232
(BaP)

TEST COMPOUND :

PNNA 0.5 pg/mi 22.47 27 107

PNNA 1.0 pg/mi 20.79 36 144

PNNA 5.0 pg/mi 17.00 47 189

PMNA 10,0 ~g/m1 21.65 32 126

MNNG = N—methyl-N ’ -nitro-N-nitrosoguanidine
BctP = Benz( )pyrene
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- PROTOCOL

1. PURPOSE

The purpose of this study was to evaluate the test material for its ability
to i nduce unscheduled DNA synthesis (UDS) in normal human foreskin fihrobiasts
(obtained from the Institute for ~-1edica1 Research , Camden , NJ (Reocsi-tor y
~o. AG 1518).

2. MATER iALS

A. Indicator Cells

Diploi d normal human foreskin fibroblasts , Repository No. AG 1518 ,
Passage 6.

B. Media

Growth med ium (GM) consisted of Eag l e s  min i mal essential ~ea iurn(EMEM) supplemented with 10% fetal calf serum (FCS) and pen ic i l l i n—
streptomycin (PS).

Maintenance medium (SM) consisted of EMEM supp l emented with 0.5% FCS
and PS.

Hydroxyurea medium (HUM ) consisted of SM plus hydroxyurea to a final
concentration of lO_ 2 H.

C. Contro l Compounds

1. Negative control 
*

The material used as the solvent for the test chemical was used
as the negative control. The solvent is listed in Table 1 in
Section V. Results. The volume of solvent in the negat i—i e
contro l test was equal to the total solvent added in the h igh
dose for the test chemical.

2. Positive controls

N—methyl nitrosoguanidine (MNNG) at a concentration of 5 pg,’m~was used as the positive control agent in nonactivat ion tests .
and Benzo(a)pyre ne (Ba P) at a concentration of 1 pq/ml to
10 ug/ml was used as the rositive control agent in activation
tests .

* 
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3. E~:E~:~ E’T~ L E~~~’I

A. Ce ll Preparation

Normal human diploid foreskin fibroblasts were seeded at 5 x iO~ cells
in a 100 m tissue culture dish and grown to confluency in GM. Once
reaching confl uency , the cells were switched to SM for 5 days . The
contact inhibition imposed by confluency , and the use of S~l, held the
cells in a nonproliferating state.

B. Treatment

On the day of treatment , cells held in Gl phase were placed in HUM.
After 30 mm , this medium was replaced by 2 ml HUM containing the
control or test chemical, and 1.0 pCi 3HTdR. An assay consisted of
at least 3 concentrations. Exposure was terminated after 1.5 hr by
washing the cells twice in a cold balanced salt solution (BSS) containing
an excess of cold thymidine. The test concentrations were selected
from a series of standard concentrations ranging from 0.1 ~g/ml to5.0 pg/mi . A lower series was used if all standard concentrations
proved to be toxic.

Treated plates were frozen at *20°C until processed . After thawing,
the cells on the 100 mm plate were covered with 0.1% sodium dodecyl
sul fate (SDS) in (SSC) (0.15M sodium chloride-O .Ol5M sod i um citrate)
and scraped from the dish with a rubber spatula. The cells were
washed and precipitated from the SDS by 3 changes of 95% ethanol
and centrifuged at 10,000 x a~ Additional li pid components were
removed by extraction in ethanol ether at 70°C. This pellet was
washed in 70% ethanol , further incubated at 70°C in O.3N NaOH ,
and the DNA extracted in 1000 ul IN perchioric acid (i- CA) at 70 C.
The DNA was separated into two 500 ~i al iquots . One of these was
soiu bi lized in 10 ml scintillation cocktail and counted in a Packard
l iquid scintillation spectrometer. The second aliquot was read at
260 rim in a UV spectrophotometer. The values were corrected for light
scatter and converted to micrograms DNA . Following liquid scintil-
lat ion counting, the data were combined with the DNA extraction
values and expressed as dis integr ations per minute per microgram DNA
(DPM/..g DNA).

0. Activa tion System

Because metabolic activation is essential for the expression ofbiological activit y in some chemicals , a liver activation systemcontaining a noninduced mouse liver S9 and an Aroclor 1254 inducedhepatic S9 fraction were employed. The activati on system consistedof the following:

L -~~~~~~~~~~
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3. EXPERIMENTAL DESIGN (Continued)

• 0. Activation System

Component Final Concentrat ion/mi

NADP (sodium salt) 6 _mo l
Isoc itric acid 35 imol
Tris buffer , pH 7.4 28 pmol
MgCl 2 2 itnol
Liver S9 (9,000 x ~) 

100 ~l

4. EVALUATION CRITERIA

Severa l cr iteria have been established which , if met , provide a basis
for declaring a material genetically active in the UDS assay . These
criteria are derived from a historical data base and are helpful in
maintaining un i formity in evaluations from material to material and
run to run . While these criteria are reasonabl y objective , a certa i n
amount of flexib ility may be required in making the final evaluations
since absolu te criteria may not be applicable to all biological data .

A compound is considered active in the UDS assay if:

a. A dose—response relationship is observed over two consecutive
dose levels .

b. The minimum increase at the high level of the dose response is
approximately 150% of the control value . The positive control
data for a large sampling 5 ig/ml of MNNG tests was found to be
206% of the cu trol and for 10 pg/mi of Benz(a)pyrene it was
162% of the control .

All eva l uations of UDS activity are based on the concurrent solvent
control value run with the experimenL in question. Positive control
values are not used as reference points to measure activi ty, but ra ther
to demonstrate that the cel l population employed was responsive to
chemicals known to induce repair synthesis under the appropriate test
conditions .

As the data base for the UDS assay increases , the eva l uation criteria
• will be more firmly established .

* 
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I. SPONSOR: United States Army -

II. MATER IAL*

A. Identification: PNNA

B. Date Received: October 18, 1977

C. Physical Description: Dark red powder

III. TYPE OF A SSAY : Mouse Dominant Lethal Assay

IV. PROTOCOL NO.: DM1-h O

V. RESULTS

The results are Dresented in Tables 2—7. Table i provides infor-
matio n on toxicity and dose selection. The remaining tables
summarize the test results and statistical analyses.

VI. INTERPRETATION OF RESULTS AND CONCLUSIONS

A series of concentrations employing the test material at
0.05 g/kg to 5.0 g/kg were used in the preliminary toxici ty test.
No significant effects were observed after 14 days , and the 5.0 g/kg
was selected as a high dose. This was based on the determination
of nontoxicity and using 5.0 g/kg as the highest concentration of a
nontoxic material .

The data presented in Tables 2-7 summarize the results of the
dominant lethal study. All 0f the data were considered negative.
The only increased parameters were observed at the two low doses
at Week 3 on Table 6. These increases appeared to result from a
low number of pregnant females at the third week. All other para-
meters did not show any increases . TEM was used as a positive control
in this assay and produced the expected effects over Weeks 1-3.

*Information was supplied by the sponsor. If the sponsor did not indicate this
Information , N.I. was entered.
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~I. INTERPRETATIO N OF RESULTS AND CONCLUSIO n S ( C o n t i r .~. eu)

The test material , PNNA was not active in the Mouse
Dominant Lethal Assay conducted as part of this evaluation.

Submitted by:

Study Director

Dale ,~ ’ M~theson ,.~.-Pli.D. Date
Associate Direc~~r andSection Chief

- 
Mammalian Genetics
Department of Genetics
and Cell Biology

Reviewed by:

• 

• 
_ _ _ _ _  _ _

Davi Brusick, Ph.D. Da e
Direc tor
Department of Genetics
and Cell Biology
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TABLE 1

COMPOUND: PNNA ASSAY#: 2414

CLIENT: U.S. Army PROJECT#: 20881

TEST INITIATED: 12/22/77 BY: A .T.

SOLVENT : DMSO SPECIES/P0# : CD- h Male Mice #78637

ROUTE OF ADMINISTRATION: Oral DOSE UNITS : g/kg

DOS I NG INFOR MATION

Treatment Compound Route of Admi nistration

0.05 g/ kg PNNA P.O .

0.1 g/kg PNNPI P.O.

0.5 g/kg PNNA P .O.

1.0 g/kg PNNA P.O.

5.0 g/kg PNNA P.O.
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PROTOCOL

1. PURPOSE

The purpose of this study was to evaluate the test material for its
ability to induce dominant lethality in mice.

2. OVERVIEW AND RATIONALE

The dominant lethal assay is desi gned to determine the ability of a
compound to induce genetic damage in the germ cells of treated male mice
leading to fetal wastage. Chromosome aberrations including breaks ,
rearrangements , and deletions are believed to produce the dominant
lethality although ploidy changes and chromosome nondisjunct ion may also
be detected in this assay. Male mice are exposed t; several dose levels
of the test compound for 5 days and then mated over t~e entire period of
sperniatogenesi s to unexposed virgin females. At mid-pregnancy , the
females are killed and scored for the number of living and dead implants
as well as the level of fertility . These results are then compared to
data from control animals and used to determine the degree of induced
dominant lethality.

Evidence of dominant lethality emphasizes that the compound is able to
reach the developing germ cells and induce genetic damage. It also
suggests , but does not measure directl y, that in addition to the detected
gross chromosomal lesions , more subtle balanced lesions or specific locus
gene mutations may be produced. These latter types have a good chance of
being transmitted to the gene pool of future offspring.

3. EXPERIMENTAL DESIGN

Ten (10) random bred , male mice from a closed colony were assigned to 1
of 5 groups. Three of these groups received different dose levels of the
test compound ; a fourth group received only the solvent ; and the fifth
group received a known mutagen and served as the positive contro l group .
The test compound and the solvent control were administered orally
for 5 consecutive days. Triethy lenemelatnine (TEM) was used as the
positive control and was given as a single intraper itoneal injection 2
days before the animals were mated. Following treatment , each male was
rested for 2 days and then caged with 2 unexposed virg in females. At the
end of 7 days , these females were replaced with 2 new unexposed females.
This weekly mating sequence- was continued for 7 weeks . The 2 mated
females were transferred to a new cage , and 14 days after the midweek of
being caged with the male , the females were killed with CO2. At
necropsy , their uteri were examined for dead and living fetuses ,
resor pt ion sites , and total icnplantations. Animals which died during
dosing were not replaced unles s there was 75% mortality at a single dose
level. In that case the compound toxicity was reviewed , and the entire
dose level was repeated.
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3 EX PERIMENTAL DESIGN (Continued)

A. A nimals

Random bred , male and female mice , strain CD- I , were purchased from
the Charles River Breeding Laboratories , Inc. , Portage , Michigan.
Male and female mice were at ~east 8 weeks of age .‘~ben purcn ased.

B. Animal Husbandry

Males were housed individually and females housed ‘in pairs (except
during mating) in shoe box cages on AB-SORB- DRI bedding.

All animals were quarantined for 2 weeks prior to being used in the
study to acclimate them to the new laboratory conditions. Purina
Lab Chow was used as the basic diet and water was offered ad
libitum. Li ght was provided on a 12-hour li ght/dark cycle.

Personne l  handling anim als or workin g within the animal facility
wore suitable protective l aboratory garments , including face masks
or respirators .

C. Dosage Determination

Dosage informati on was calcu lated on the basis of range finding
studies using groups of 6 mice each. The high dose level was
selected from these data. One-third and one-tenth of the high
dose were used as the intermediate and low dose levels, respec-
tively. Nontoxic compounds are tested at 5.0 g/kg as the high
dose.

D. Records

The nu mber of dead and li v i n g  fet uses , resorption sites , and tota l
implantation sites were recorded on a standardized record form .
Data were keypunched directly from the se forms to computer entry
cards , an d analyzed for stat ist ical sign ificance as out lined in
Appendix A. Original copies of all data are stored in the Litton
Bionetics , Inc. arc hival system.
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4. EVALUATION CRITERIA

Both pre- and post- i mplantation losses contribute to dominant lethality .
The former is reflected in the total number of implantation sites per
pregnant female and strictly measured by the difference between the
number of corpora l utea gravidus and the number of implantation sites.
Toxic or physiological effects on sperm may also reduce the number of
implantation sites. Therefore , unless subtle physiological effects on
sperm can be discounted , pre-imp lantation loss is not as rigorous an
indication of dominant lethality .-~as post-implantation loss. Corpora
lutea Cannot be reliably counted in mice and , therefore , pre-implantation
loss is not evaluated in studies using mice. Post-implantation losses
are measured as early and late fetal deaths plus the number of resorption
sites.

Dominant lethality is typically determined from: a) a mutation index
derived from the ratio of dead to total implants ; or b) the numb er of
dead implants per pregnant female. In interpreting these values it must
be remembered that the former measurem ent reflects both pre- and post-
implantation losses and that the ratio is affected by changes in either
the numerator or the denominator. For this reason the second parameter
is perhaps a better indicator of post- implantation loss. This becomes
especially so if one concurrentl y examines the number of living embryos
per pregnant female. The two sets of data should be inversel y related.
In other words , if true dominant lethality is being observed , then a
significant increase in the number of dead implants per pregnant female
should be accompanied by a significant decrease in the number of living
implants per pregnant female.

These ratios are compared with both concurrent and historical control
data for si gnificant statistical differences. Dose—related trends are
also looke d for , but may not always be found. For examp le , some
compounds such as EMS tested in mice show a threshold value and then a
very steep rise. Certain portions of the response might be missed ,
depending on the spacing of the dose levels used.

True , as opposed to spurious , dominant lethality also tends to cluster
accord i ng to the stage of spermatogenesis affected and typically would
not be expected to appear in widel y spaced weeks or blocks of weeks .

All data which are indicated as being statistically significant must also
be strongly evaluated for their biol ogical significance. By bringing
both statistical and biological selective pressures to bear on the data
gathered , an estimate of dominant lethality and of risk to the gene pool
should be obtainable.
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5. STANDARD OPERAT ING PROCEDURE

The test compound w il l  be reg iste red in a bound log book recording the
date of receipt , complete client identifica tion , physical cescr i pt on ,
and Litton Bionetics , Inc. code number .

Comp lete records of weights and dilutions associated with the testing of
the submitted material will be entered into a bound notebook.

Raw data information will be recorded on special printed forms that will
be dated and initial ed by the individual performing the data collection
at the time the observations are made. These forms will be filed as
permanent records.

All data will be entered in ink (no pencil).

All changes or corrections in entries will be made wi th a sing ie lire
through the change , and an explanation for the change must be written.

All calculations (weights , dilutions , dose calculations , etc.) w i l l  be
shown on data records.

All data entries will be dated and initialed.

All laboratory operations will be written out in standard protocol
manuals. These manu als will be present in each laboratory area.

Deviations from any established protocol will be described anti justified.

Data will be stored in bound form (notebooks or binders). These bound
data books will be reviewed by the appropriate Section Heads.

Chemicals submitted for testing will have date of receipt and initials of
entering pe rson .

Lot numbers for all reference mutagens , solvent , or ot her materi als used
in assays will be recorded.

Animal orders , receipts , and identification will be recorded and main-
tained such that each anima l can be traced to the supplier and shipment. —

All animals on study will be properly identifi ed.

A copy of the final report p lus all raw data and support documents wil l
be permanently stored in the archi val system of Litton Bioneti cs , Inc.

Current curricula vitae and job descriptions will be maintained on all
personnel involved in the study .
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APPENDIX A

DESCRIPTION OF STATISTICAL ANALYSIS USED
FOR THE DOMINANT LETHAL STUDY
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APPENDIX A —

Ana l ysis of Data

1. Fertility Index - Table 1

a. The fertility i ndex is defined as F.l. = # of p regnant females!
# of mated females. It is calculated for each week (in subacute

study) or at the end of 8 weeks (in acute study) and for each
dose level , negative control , and positive control.

b. A chi-square test is used to compare each treatment group and
positive contro l to negative control.

2 - 
(N0 + N i) (~n0(N~ - n)~~ - ~~(M0 - n0){ - (N0 + N 1 )/2)

— (n0 + n1 )(M0 
- + N

~ 
- n 1 )M0N1

where

= # impregnated in i-tb test group

n0 # impregnated in negative control group

# of females mated in the i-tb test group

N0 = # of females mated in negative control group

A 2 x 2 table is formed as follows :

control test
# impreg n0 fl~

# not im preg N0 
- n0 

- n.

Significance at the 5 and 1% levels is indicated with asterisks
on Table 1 .

c. Armitage ’s trend for linear proportions is used to test whether
the fertility index is linearly related to arithmetic or log dose.
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The following table is set up:

-contro l dose 1 dose 2 dose 3 dose k totals

# imp r eg n o n1 n2 n3 nk t

~ ?~~reg 
N0 - n0 N1 

— “1 N2 
- n2 N3 

- n3 Nk - ‘~k T -

totals N0 N1 N2 N3 Nk

and Armitage ’ s chi-square is calculated :

2 _ 2
XA — X(k_l) X 1

where

k k
T(TI n

~
x
~ 

- t~2 _ i=O i=O
k

t(T - t)(T~ N
~
x
~ 

- (Z N.x~)2 )
i=O i=O 1

k
T2(~ n~/N1 

- t2/T)
2 i=O 1

X(k..l) — 
t(T — t)

and the x ,~ are the dose levels. This calculation is repeated wi th
x replaced by log10 x. The 5 and 1% signif icance levels are
indicated by dollar signs on Table I.
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2. Total Number of Implantations - Tables 2, 2A

a. The total number of implantat ions is evaluated by the Student ’s t-test

to determine whether the average number of implantations per pregnant
female for each treatment group and the posit ive control group d i f f e r s

significantly from the negative contro l group.

r1
~ 

= # of pregnant females at dose l evel i.
= # of irnp t antations for pregnant female j  in dose group i.

n i
U. = l/n

~
(
~ 

u. .)1 j l  13

2 
= 

~~ 

(u. . - ti.)
2

1 
j ’ l  

1)  1

2 
+ s2

t,~ = ‘tio - ~i~~~n0
2 n

~ 
- 2 

1 
+

d.f. = n 0 + n
~ 

- 2

Significance at the 5 and 1% levels is indicated by asterisks in

Table 2.
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b. A regression fit of the average number of imp lantations , UI,
is made for both the arithmetic and logarithmic dose (x 1 and log x 1).

The doses x 1 are used as independent variables and the f it inc ludes
data from the three treatment groups and the control group.

N = tota l # of pregnant females in all groups.

x~ = dose/log (dose) for the i-th female.

U1 = # of implantations for the i-th female.

K K .

i=l 1

N
SS,~ ~~~~~ (x~ -

N
U =~~~X U.

i=l 1

N
SS,~ ~~~~~ (U~ 

- jj )2

~~ i=l 
(x~ - ~)(U1 

-

B = estimate of slope of regression line =

A = estimate of intercept of regression line U - B ~
VARU = variance o f U about regression l i n e

= SS~ - S
~~

2/SS,~
N-2

VAR B = var iance of B = VARU
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VARA = var iance of A = VARU (~~~ 
+

TB = B/(VARB)½ = t-statistic for testing the hypothesis

that the regression slope is zero

OF - N—2 = # of degrees of freedom for T B

CVUX = coefficient of variat ion of U about x

= (VARU .X)½/U

VARU .X = g~ 
(SSu 

- S
~u
/SSx)

SOY = standard deviation of U about the regression line

= (VARU .X)1

SOS = standard deviation of the slope

= (VARB)½

SDA = standard deviation of intercept

= (VARA)~

Significant difference of the slope from zero is indicated at the 5

and 1% le vel s in Table 2. Table 2A shows detaile d resul ts of the
regression analysis.

3. Total Number of Corpora Lutea - Tables 3, 3A
(For rats only)

a. The average r,u~b~r of corpora l utea per pregnant female is evaluated
by t-test to determine whether each treatment group differed sig-
nifican tly from the control group. Use the equation described in
Step 2 above with

u1~ = # of corpora l utea for pregnant female j  in dose group i.
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b. A regression fit of the average number of corpora lutea per pregnant
female is made for both the arithmetic and l ogarithmic dose. Use
the equations descr ibed in Step 2 above with

= # of corpora lutea for the i-th female

4. Preim pl antati on Losses - Tables 4, 4A
(For rats only)

a. The number of preimplantation losses is the number of corpora l utea
minus the number of implantations.

= preimplantation losses for j—th female in i-tb group

= # of corpora l utea for j-th female in the i-tb group

b. The Freeman—Tukey transformation is applied to the Y1~ as follo ws:

f~~ = sin~ ~~~~ ~ 
+ sin~~/

1
~~~ : i

The t-test is then applied to the f’s, compar ing the tes t groups to
the negative control . Let

~~~~~~ ~ij

= ~~1 
~~~~~ 

—

j=l 13 1

where n~ = # of pregnant females at dose level i.

Then t = 
~~~~~~~~~ ni

l
- 2 +

c. Regression analysis is used to determ ine whether the average number
of preimplantat ion losses per female is related to the arithmetic
or the log dose. The method is as used in Step 2 above substituting

= # of preimplantation losses for the i-th female.
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5. Dead Implantations - Tables 5, 5A

The dead implants were evaluated by the same statistical techniques

that were used in evalua ting the total number of i rnp lantations .

Substi tute

u~~ = # of dead implants for j-th female in the i-th group in the

equations in Step 2 above.

6. Proportion of Females with One or More Dead Imolantations - Table 6

The proportion of females with one or more dead imp l ants is the number of
females with dead implants/number of pregnant females . These proportions
are anal yzed by the same method used to analyze the fertility indices , i.e. ,

by a chi—square test and Armitage ’s trend.

Substitute n~ = # of pregnant females with one or more dead implants at

dose level i and
N~ = # of pregnant females at dose level i in Step 1 above.

Also a probit regression analysis is done us i ng these propor ti ons , p~,
to determi ne whether the probit of p.~ is linearly related to the log or
ari thmetic dose. The Biomedical Computer Program BMOO3S is used to
compute A and B and the statistic for the regression equations
y A +  B xan d y = A +  B log x.

7. Proportion of Females with Two or More Dead Implantations - Table 7

The pro portion of females wi th two or more dead implantations i s the
number of females with two or more dead implants/number of pregnant
females . The data are evaluated by the same method used for evaluating
the proportion of females with one or more dead implants .
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8. Dead Imp l ants/Total Implants - Table 8

Dead implants/total implants were computed for each female and transformed
by way of the Freeman—Tukey arc-sine transformation prior to being
evaluated by t-test to compare each treatment group and positive control
to negative control .

Use y
~~ 

= # dead implants for j-th female in i-th group

= # of total implants for j-th female in i-th group

in the equations in Step 4 above.
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