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W-510 {copper hydroxide naphthenic acid 58% a.i.j, and Emuig rA.
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Recommendations: Toxicology Branch il has reviewed the Acute Toxicity and Mutagenicity
studies submitted by the Registrant under FIFRA Section 6 (a) (2). A

summar: of the findings from these studies is found in the appended
‘:\h'r\

Lld



S

. i

—

plgeidesoeun

e|qreidsdoreun

~ @|qeidadoeun

a|qeldeooeun

8|qeideoseun

8jqeidadoeun

ouebelnw-uou

S9S0p PaleAnoe

‘oebelnue-uou
SasOop paleAnoe-uou

UOHBANOR D1{OQEISW INOYNM IO YIMm

welsAs ise} ui suebeinw
lou ‘eyeid/S 00001
puUB 000S 1B 01X01014D

siuebolised
Apjeam sesop pajeanoe
‘o1uefoise|o Jou
S9S0p paleAnoe-uou

LWwesAs 1se) ul
ousbeinw-uou

UQHBAIOE Dljogelaw
yum wajsAs Isa) Ul
oabenw

wa)sAs )sa) ui
owebelnw

SUOTIOUSS

(sesop paleailoe)
jw/61 09-6°2
{(sasop pajeanoe-uou)
jw/or 0g-0t

eieyd/61 000°0 -1

(sesop peajeanoe)

jw/bv g2 pue ‘09 ‘St
{(sesop pejeAloe-uou)
jw/6v 0G1 ‘s2L ‘001

eyejd/b1 pog pue
00E ‘002 ‘001 ‘05

jw/br g/ pue ‘0S ‘SZ ‘0L

|w/6t pg pue ‘Gt ‘0L
[SENS: 1N

sj@Aa 8s0Q

~

90-/0% L LP#QIHN
ABSSE

uoneINW PIeMIO;
. ewoydwA| esnop

(pejess Jou Aund) .,
ereusyjydeu Jaddoo

S0-Z0% 1 1P #QIHW

Aessy Ayolusbeinpyy
(peieis 10U Ayund) wnunwiydAy S
ejeusyiydeu seddoo -ouebeinpy

0-L0V L LY #AIHN
S|180 OHO ut Aesse

(psiels Jou Alund) aWOSoWOoIYD oniA Ul
eleusylydeu Jeddoy -Ayouebeinpy

€0-L07 L Iy #QIUN
Kessy Ayoiuebeinpy
wnunuydAl S
-Aoebeinpy

(pejeis Jou Ajund)
ejeueyydeu Jeddoo

c0-L0¥ L1y #QIUN

Aessy unyeinpy premio

(peiEis 19U Ajund) ewoydwA asnopy
ejeusyiydeu Jeddoa..  oluaBelnpy

- 10-0V L LY #QIUIN
sejAoojedey
1Bl Ui siseyjuis

YNQ Ps|npeyosun
-Aoiuabeinpy

BWEN APS

(parEls Jou Aund)
ajeusyiydeu Jaddodo

eTTseN




150

80-L0% L LY #QIHWN

sejAoojedey

S9S0p 184 ug siseyjufs

s I1e Ye wejysAs isey ui (peiels Jou Aund) VYNQ peinpeyasun
" e|qeidedoeun 9AllOBUI jBUBIBW S8} jw/bt G2-1°0 ejeusyydeu Jeddoo - -Aoiuebeiny
L0-L0V 1LY #QIHIN

(sesop pajeaiioe) (sesop pajeAnoe) s|ied

waya oiuabolsed ou jw/Bw oy-9 ~ OHD ui suonelreqe

: {(sasop peleAnoe-uou) {(sesop psjeAioe-uoU) (potess jou Alund)  swosSOWOIYD OAA Uf
ejgeidasoeun 1080 owabolse|s ou jwy/6v 0o1-G2 eleuayjydeu Jjeddoo -Apousbeinpy

S|aAe] 850



. Aewsweyddns

=% eng |

Aeuewelddns

£} . -

Aeyeweiddns

Asejuswelddns

Aelusweiddns

€

KIoD3ED
Ayoixoy

. UBJL UIYS BI8Aes

J19Z])iSues-uou

(sejew) 1/B6w g < 059

peuiwselep jou 05g7

(sejews} pue
sejew) By/bw 0poz < 05a

(ssjeway) B/Bw 000z < 0907
(ssfew) By/6w o0ooe < 0Sa

SUSESNROU0D

g josdeund
e %8y
pioe olueyiydeu
opixoipAy 1eddos

G josdeun)
T'e %8
pioe otusyjydeu
opixoipAy Jeddod

G josdeunn
I'e %8Y
pioe oiusyiydeu
apixoipAy Jaddod

G josdeunn
e %8P
pioe ojuayydeu

epixoipAy Jeddoo

(petess 1ou Aund)
Emcmczmmc Jeddoo

G josdeunn
I'® %8y
pioe owusyydeu
epixolpAy Jeddoo

[eeTel

~j-

60-L0V L LY #QIHN
uqqes :sepeds

uoneuy
jewleqg Arewyd

60-L0¥ LY #OIHWN
6id esuinBd :sejoeds

uoneziisues jewseq

60-20v1 1 #QIHWN
1B :se0eds

05a7
uone[eyu] oy

60-L0¥V L 17 #OIUN
Ngqes :sepeds

0Sq fewueq einoy

60-L0¥%} ¥ #QIHN
sjqaes (seoads

05g7 jewseq einoy

60-L0¢ 1 1Y #QIHIN
les :saads

0Sa tesp emnoy
BUAL APMIS




(¥
L
]
W

—.

..EmEmEm_aa:m

Areyuswejddns

P S[0)i%) =10
Aoixoy

UL UNS 2lelapOLl

juejull 240 alsnas

(perels Jou Aund)

ejeusyiydeu Joddoo

G josdeunn
I'e %8
pioe ojueyydeu
opixoipAy Jeddoo

[elBleN

60-L0¥ 1LY #QIHIN
uqqes :seweds
uone;ul

jewseq Arewud

60-L0¥1 1 #QIHN
uqqes :seeds
uoneju.)

843 Arewud

SUAT ApTIS

w



vagd L -

. | mmemEm_qa:m

Arejusweiddns

Aepuswelddns

Arejuswseiddns

Aejusweiddns

_x._mEmEm_aanw

Aejuswejddns

ATODTET
Ayoixoy

Bunepsst-uou

B UDiS BjBlepoW

16Z|1}ISu8s-uou

(sefew) Y/Bw g < 0597

(sejewae}
pue sajew) 66w 000z < 05a

sajew ui peutuelep ou 0Sq7
(serewsy) By/6w 000z < 9901

pauiwialep jou 9Sq7

SUCISNPUOS

vieysinwa

(peiels jou Aund)

ajeuayiydeu Jeddoo -

01S-M PED-N
e %8G

0L-L0V LY #QIHN
lqqes :seads

uone|
[ewssq Alewud

01-L0¥L i #QIHN
yqqes :seeds

- uonejul|

jewleq Alewud

01-L0VLbb #QIHIN
6id eeuind :sejoeds

ejeusyjydeu seddod . uonezyisues fewueq

019-M pPIED-N
'8 %8S
ejeuayjydeu Jeddoo

015-M pLeD-W
T8 %8S

ejeuayydeu J1addoa

(perers 10U Aund)
ajeuayiydeu teddod

0LS-M PO
‘I'e %8S
ejeuayiydeu Joddod

TelsTelN

04-20bi LY #QIHN
Jes ;sepeds

0597
uoneeyu| 8inoy

0L-20¥ 1L LY #QIHN
--}jqqes :seleds

0Sq1 rewaeg eiioy

*0L-L0V 1LY #IHW
suqqe. :sejoeds
0S¢ jewueqg oy

01-20PLLY #QIHN
Jes :seeds

057 re1o ewnoy




s

(we)
D

-

[

Areyuewsddns

Aejuewe|ddns

Aejuewe|ddns

€

ATOBBTET
Ayorxo

Bugey-uou

Bunejul; Ajeyesspow

e upis Wbis

SUTTENPUCY

015-M PIeD-W
I'B %8S

eleusyjydeu Jeddoo

01S-MiPIeS-N
B %85
ajeusyjydeu Jaddoo

siuids jesaulul

[eTeTelN

. 0L-L0vLLY #QIHWN
lqges :seeds

uonej|
/3 Lewud

0L-LOVL LY #QIHN
lqqed :seweds
uonel]

jewleg Alewud

OL-L0V L LY #QIGN
liaqed :seieds
uonelu|
[ew.ieq Alewud:



a2 e Q,:-.’-] ri_:,g

Reviewed by: Timothy F. McMahon, Ph.D. <~ ~
Section 1, Toxicology Rranch Il (HFAS) (H7509C) /
Secondary Reviewer: Yiannakis M. loannou, Ph.D. j[/pf.‘ ///}ﬂ 0
Section |, Toxicology Branch 1l (HFAS) (H7509C) v '

Data_Evaluation Report
Study type: Acute oral-rats (81-1) Tox. Chem. No.: 245
MRID number; 411407-09
Test material; Curapsol 5
Study number: 75-51-0497-88
Testing Facility: Department of the Army
U.S. Army Environmental Hygiene Agency
Aberdeen Proving Ground, Maryland 21010-5422

itle of r . Phase 2 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Acute Oral and Dermal Toxicity Studies.

Author(s): R.A. Angerhofer
L.M. Taylor
M.H. Weeks

Beportissued; November 12, 1987

Under the conditions of this study, the acute oral LDgg for Cunapsol 5 was determined
to be > 3000 mg/kg in male rats, and > 2000 mg/kg in fermale rats.

Toxicity Catgory 1l - -

Core Classification: supplementary

This study does not fulfill the requirements (81-1) for an acute oral toxicity study in rats



l. MATERIALS

A. Test Material: Cunapsol 5; description: blue-green liquid having a musty odor and a
pH of 11.5.

composition: copper hydroxide naphthenic acid-48%
7 emusifiei-25%
water-27%

Lot number: 4121486

B. Test Animals: Sprague-Dawley Wistar derived rats; Source, age and weight not
provided.

Il. METHODS

An unstated number of male and female rats were employed in this study. Rats
were given commercial faboratory chow and vater ad fibitum. -

Cunapsol 5 was administered as the neat material by stainless steel stomach tube
to male and femaie rats. Animals were observed for 14 days following dosing for
clinical toxicity. Body weights were recorded on days 1, 3, 7, and 14 postexposure.
Gross nacropsy was performed on alt survivors as well as those animals which
died during the study.

_”The emL.lsmnr ( Emulsmer B") was also tested for acute oral LDg; in rats under
(presumably) similar conditions as for Cunapsol 5.

. RESULTS

On page 11 of the registrant’s repor, it is stated that a “few" rats died during the 14
day observation period. Clinical signs were limited to lethargy and death “at
relatively high dosages.” Gross pathological observations on those rats which died
during the observation-period showed “gastric and intestinal lesions which could
be attributed to the corrosive nature of the compound administered.” No gross
pathological findings were observed in surviving rats.

IV. CONCLUSIONS

Under the conditions of this study, the acute oral LDgq of Cunapsol 5 was > 3000
‘_@g/kg in male rats, and > 2000 mg/kg in female rats. The acute cral LDg for

__“Emulsifier B” was > 2000 mg/kg in both' male and female rats.




- Toxicity Category Il
V. CORE CLASSIFICATION
supplementary

This study does not fulfill the requirements (§i-1) for an acute oral toxicity study in
rats. The following information is requested in order to upgrade this study to core
minimum:

1) source, age, weight, and numbers of animals used
2) times of death and numbers of rats which died during the study

3) necropsy data on all rats

10




Reviewed by: Timothy F. McMahon, Ph.D. &<z i</ = (o150
Section |, Toxicology Branch Il (HFAS) (H7509C) '

Secondary Reviewer: Yiannakis M. loannou, Ph.D. /.Mf I /7/fo

Section |, Toxicology Branch Il (HFAS) (H7509C) -

Data Evaluation Report
m Acute dermal-rabbits (81-2) Tox, Chem. No.: 245
MRID number: 411407-09
Test material; copper naphthenate
Study number; 75-51-0497-88
Testing Facility; Department of the Army

U.S. Army Environmental Hygiene Agency
Aberdean Proving Ground, Maryland 21010-5422

Title of report: Phase 2 Preliminary Assessment ot the Relative Toxicity of Copper
Naphthenate. Acute Studies: Acute Oral and Dermal Toxicity Studies

Author(s); R.A. Angerhofer

L.M. Taylor
M.H. Waeks

Bepoit jssyed: November 12, 1887

conclusions;.

Under the conditions of this study, the acute dermal LDggq for copper naphthenate was
determined to be > 2000 mg/kg in male and female rabbits.

Toxicity Category il .- -
Core Classification: supplementary

This study does not fulfill the requirements (81-2] for an acute dermal texicity stucy in
rabbits ' ' ’



I. MATERIALS

A. Test Material:copper naphthenate; description: a copper hydroxide-naphthenic acid
reaction product; purity: not stated

B. Test Animals: New Zealand white rabbits; Source, age and weight not
provided.
. METHODS

Five maie and five female rabbits were employed in inis study. Rabbits. were given
commercial laboratory chow and water gd libitum.

Copper naphthenate was administered as a 500 mg/ml solution in corn cil at a
dose of 2000 mg/kg to the shaved backs of male and female rabbits. The treated
area was occluded for 24 hours. '

{il. RESULTS

Dermal application of 2000 mg/kg copper naphthenate resulted in the dsath of 1 of
5 male rabbits, and 0 of 5 female rabbits {time of death not provided). Copper
naphthenate caused slight to moderate dermal irritation, followed by scaling and
sloughing of dead skin (time course not provided). Clinical signs of toxicity reported
were lethargy and death. Body weights “remained stable setween pretest and
sacrifice.”

V. CONCLUSIONS

Under the conditions of this study, the acute dermal LDgq of copper naphthenate
was determined to be > 2000 mg/kg in male and female rabbits.

Toxicity Category 1ll

V. CORE CLASSIFICATION
supplementary
This study does not fulfill the requirements (81-2) for an acute dermal toxicity study

in rabbits. The following information is requested in order to upgrade this study to
core mnmmum



1) source, age, and weight of animals used

2) statistical method for calculating LDg
3) doses used in LDgq study

4) times of death of rabbits which died during the study
5) necropsy data on all rabbits
6) description of occlusive dressing used

7) whether animals were restrained or dressing was sufficient to prevent ingestion
of test material

8) percentage of body surface over which test material was applied
9) justification for use of corn oil in dermal application of copper naphthenate

10) purty of the test material

13



Reviewed by: Timothy F. McMahon, Ph.D. ' == /&7 74

Section 1, Toxicology Branch Il (HFAS) (H7509C) S
Secondary Reviewer: Yiannakis M. loannou, Ph.D. %/L{f itfr/10 BRI
Section 1, Toxicology Branch Il (HFAS) (H7509C) *

- Data Eveluation Report

Study type:  Acute dermal-rabbits (81-2) Tox. Chem. No.; 245
MRID number; 411407-10
Test material: copper naphthenate
Study number; 75-51-0497-88
Testing Facility; Department of the Army

U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report: Phase 3 Preliminary Assessment of the Relative Toxicity of Copper
-Naphthenate. Acute Studies: Acute Oral and Dermal Toxicity Studies

Author(s): R.A. Angerhofer
L.W. Metger

Report issued: not provided

Conclusions:

Under the conditions of this study, the acute dermal LDgq for copper naphthenate was

> 2000 mg/kg in female rabbits. Data were not provided for determination of the acute
dermal LDgq in male rabbits.

Toxicity Category [ll (f6r females)
Core Classif ggmn, supplemenlary

1

This study does not fulfill the requirements (81-2) for an acute dermal toxicity study in
rabbits

14



|. MATERIALS

A. Test Material:copper naphthenate, technical; description: a blue-green amorphous
solid having a musty odor and containing 9.6% copper; purity: not
stated.

B. Test Animals: New Zealand white rabbits; Source, age and weight not
provided.

Il. METHODS

Five male and five female rabbits were employed in this study. Rabbits were given
commercial laboratory chow and water gd libitum.

Copper naphthenate was administered as a 500 mg/m! solution in corn oif at a
dose of 2000 mg/kg to the shaved backs of male and female rabbits. The treated
area was occluded for 24 hours.

Il. RESULTS

Dermal application of 2000 mg/kg copper naphthenate resuited in the death of 2 of
5 male rabbits, and 0 of 5 female rabbits. Copper naphthenats caused slight to
moderate dermal irritation, followed by scaling and sloughing of dead skin (time
course not provided). Clinical signs of toxicity reported ware lethargy and death.
Body weights “remained stable between pretest and sacrifice.”

IV. CONCLUSIONS

Under the conditions of this study, ire acute dermal LDg for copper naphthenate

was > 2000 mg/kg in female rabbits. Data were not provided for determination of
the acute dermal LD5q in male rabbits.

Toxicity Category Il {fcr females)
V.CORE CLASSIFICAf|0N
. supplementary
This study does not {ulfill the requirements (81-2) for an acute dermal toxicity study

in rabbits. The fellowing information is requested in order to upgrade this study to
core minimung .

s
¥



Guolbd

1) source, age, weight, and numbers of animals used

2) times of death and numbers of rabbits which died during the study

3) necropsy data on all rabbits

4) description of occlusive dressing used

5) whether animals were restrained or dressing was sufficient to prevent ingestion
of test material

B8) percentage of body surface over which test material was applied

7) purity of tast material



Raviewed by: Timothy F. McMahon, Ph.D. Al Ve

Section |, Toxicology Branch Il (HFAS) (H7508C) y,

Secondary Reviewer: Yiannakis M. loannou, Ph.D. Mﬁ ,-,/9/ 94 SR R
Section |, Toxicology Branch Il (HFAS) (H7509C)

Data_Evaluation Report
Study type: Primary dermal iritation-rabbits (81-5) Tox, Chem, No.: 245
MRBID number: 411407-10
Test material; copper naphthenate
Study number; 75-51-0497-88
Iﬁi&mg._EaQﬂim.Depanment of the Army
U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report: Phase 3 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Primary Skin Irritation Studies

Author(s): R.A. Angethofer
L.W. Metger

Report issued: not provided

Conclusions: Under the conditions of this study, coppar naphthenate was determined
to be moderately irritating to the skin of white rabbits.

t

Toxicity Category i
Core Classification: supplementary

This study does not f.ulﬁll the requirements {81-5) for a primary dermal irritation study in
rabbits, -

»

[4
s
\F



l. MATERIALS

A. Test Material;copper naphthenate, technical reaction product; description:
dark blue-green amorphous solid having a musty odor and containing
9.6% copper; purity: not stated

B. Test Animals; New Zealand white rabbits; Source.rage and weight not
stated.

Il. METHODS

Six rabbits were employed for study of the primary dermal irritation of copper
naphthenate. Commercial chow and water were available ad libitum.

Initial application of copper naphthenate as the neat materal resulted in staining and
unreadability of the test site. Thus, copper naphthenate was applied as a 25% solution
in corn oil in a volume of 0.5 mi to an intact skin site on 3 rabbits, and an abraded skin
site on 3 separate rabbits. Skin sites were occluded for 24 hours. Erythema, eschar,
and edema were evaluated at 24 hours, 72 hours, and 7 days at intact and abraded
skin sites.

lil. RESULTS

At 24 hours, 25% copper naphthenate in com oil caused very slight to severe
erythema on intact skin, while severe erythema was observed on abraded skin at
24 hours. At 72 hours, erythema was shght to severe on intact skin, and moderate
to severe on abraded skin.

Edema formation on intact skin at 24 hours from application of 25% copper
naphthenate in corn oil was graded as none to slight, while edema formation on
abraded skin was graded as slight to moderate. At 72 hours, edema was very slight
on intact skin, and very.slight to moderate on abraded skin.

. IV. CONCLUSIONS

Under the conditions of this study, copper naphthenate was determined to be
moderately irritating to the skin of white rabbits.

Toxicity Category lli ,
3 - A

18
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V. CORE CLASSIFICATION G Do

supplementary
This study dbes not fulfill the requirements (81-5) for a primary dermal irritation
study in rabbits. The following were omitted from the original study report and
should be included to upgrade this study to cora minimum:
1) source of animals
2) whether animals were clipped before application of test material
3) whether the test site was washed after patch removal
4) the device used to occlude the test site

5) whether arimals were restrained during"and/or after testing

6) a sentence explaining whether the times of observation refer to the
time from the start or end of test material application

7) purity of test material

14



Reviewed by: Timothy F. McMahon, Ph.D, ~~-~%'. /./%70

Section |, Toxicology Branch Il (HFAS) (H7509C)
Secondary Reviewer: Yiannakis M. loannou, Ph.D. f/ﬁ/ /! / %90

Section |, Toxicology Branch Il (HFAS) (H7509C)

Data_Evaluation Report

Study type:  Primary dermal irritation-rabbits (81-5)  Tox, Chem, No.; 245
MRID number; 411407-09
Test material: copper naphthenate
Study number; 75-51-0497-88
Testing Fagility; Department of the Army

U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report; Phase 2 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Primary Skin Irritation Studies

Author(s); R.A. Angerhofer
L.M. Taylor
M.H. Weeks

Report issued; Movember 12, 1987

t

Conglusions: Under the conditions of this study, copper naphthenate was determined
to be moderately irritating to the skin of white rabbits.

Toxicity Category II!
Core Classification; supplementary

This study does not fulfill the requirements (81-5) for a primary dermal irritation study in
rabbits.



Goalhg

i. MATERIALS

A. Iggx_Malgﬁai;bopper naphthenate, technical reaction product; description:
dark blue-green amorphous selid having a musty odor. purity: not
stated.

B. Test Animals; New Zealand white rabbits; Source, age and weight not
stated.
il. METHODS

Six rabbits were employed for study of the primary dermal irritation of copper
naphthenate. Commaercial chow and water were available ad libiturn.

Copper naphthenate was applied as a 25% solution in corn oil in a volume of
0.5 mi to an intact skin site on 3 rabbits, and an abraded skin site on 3 separate t

rabbits. Skin sites were occluded for 24 heours. Erythema, eschar, and edema were
evaluated at 24 hours, 72 hours, and 7 days at intact and abraded skin sites.

lit. RESULTS

At 24 hours, copper naphthenate caused slight to moderate erythema on intact skin,
and moderate to severe erythema on abraded skin. At 72 hours, erythema ranged
from slight to severe on intact skin, and from slight to moderate on abraded skin.
Edema formation was very slight to slight on both intact and abraded skin at 24
hours, and very slight at 72 hours, with the exception of one rabbit, which displayed
severe edema at 72 hours.

IV. CONCLUSIONS -- -

Under the conditidhé of this study, copper naphthenate.was determined to be
moderately irritling to the skin of whita rabbits.

Toxicity Category B‘I

21



V. CORE CLASSIFICATION fouiHe

supplementary
This study does not fulfill the requirements (81-5) for a primary dermal irritation
study in rabbits. The following were omitted from the original study report and
should be included to upgrade this study to core minimum:
1) source of animals
2) whether animals were clipped pbefore application of test material
3) whether the test site was washed after patch removal
4) the device used to occlude the test site

5) whather animals were restrained during and/or after testing

6) a sentencs expléining whether the times of observation refer to the
time from the start or end of test material application

7) purity of test méqterial

L4
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Reviewad by: Timothy F. McMahon, Ph.D, <&~ 7"+ -/ =
Section |, Toxicology Branch il (HFAS) (H7509C) :
Secondary Reviewer: Yiannakis M. loannou, Ph.D./)]Z/I«/f 11/ 77 ¢

Section I, Toxicology Branch It (HFAS) (H7509C)

Study type: Acute dermal-rabbits (81-2) Tox. Chern. No.: 245
MRID number; 411407-09
Test materiali Cunapsol 5
Study number; 75-51-0497-88
Testing Facility: Department of the Army
U.S. Army Environmental Hygiene Agency
Aberdeen Proving Ground, Maryland 21010-5422

Title of report; Phase 2 Preliminary Assgssment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Acute Oral and. Dermal Toxicity Studies

Author(s): R.A. Angerhofer
L.M. Taylor
M.H. Weeks

Beport issued: November 12, 1987

Conclusions:

Under the conditions of this study, the acute dermai LDgg for Cunapsol 5 could not be
determined in male and female rabbits.

Core Classification: supplementary

This study does not fulfill the requirements (81-2) for an acute dermal toxicity study in
rabbits




I. MATERIALS

A. Test Material:Cunapsol §; description: blue-green liquid having a musty odor and a
pH of 11.5; purity: not stated

composition: cepper hydroxide naphthenic acid-48%
" emusifier-25%
... water-27%

Lot number: 4121486 - -

B. Test Animals; New Zealand white rabbits; Source, age and weight not
provided.

ll. METHODS

Five male and five female rabbits were employed in this study. Rabbits. were given
commercial laboratory chow and water gad _libitum.

Cunapsol 5 was adminisfered as the neat material at a dose of 2000 mg/kg to the
shaved backs of male and female rabbits. The treated area was occluded for 24
hours. ) )

. RESULTS

Dermal application of 2000 mg/kg Cunapsol 5 resulted in the death of 3 of 5 male

rabbits, and 2 of 5 female rabbits (time of death not provided). Cunapsol 5 caused
slight to moderate dermal irritation, followed by scaling and sloughing of dead skin
(time course not provided). Clinical signs of toxicity reported were lethargy and - -
death. Body weights “remained stable between pretest and sacrifice.”

IV. CONCLUSIONS

Under the conditions of this study, the acute dermal LDgq of Cunapsol 5 could not
be determined in male and female rabbits.

V. CORE CLASSIFICATION
supplementary
This study does not fulfill the requirements (81-2) for an acute dermal toxicity study

in rabbits. The following information is requested in order 1o upgrade this study to
core minimum:
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1) source, age, and weight of animals used

2) statistical method for calculating LDgq
3) doses used in LDgq study

4) times of death of rabbits which died during the study
5) necropsy data on all rabbits
6) description of occlusive dressing used

7) whether animals were restrained or dressing was sufficient to prevent ingestion
of test material

8) percentage of body surface over which test material was applied
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Reviewed by: Timothy F. McMahon, Ph.D.<% . 112 7 Bt
Section |, Toxicology Branch Il (HFAS) (H7509C) :

Secondary Reviewer: Yiannakis M. loannou, Ph.D. 4/‘% / /7/ A

Section |, Toxicology Branch Il (HFAS) (H7509C)

Data Evaluation Report -
Study type; Acute Inhalation-rats (81-3) Tox, Q‘ hem. No.: 245
MRID nuymber: 411407-09
Test material: Cunapsol 5
Study number: 75-51-0497-88
Testing Facility: Department of the Army

U.S. Army Environmental Hygiene Agency
Aberdeen Proving Ground, Maryland 21010-5422

Title of report: Phase 2 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Saturated Vapor Inhalation Studies
Author(s): R.A. Angerhofer
' L.M. Tayler
M.H. Weeks

Report issued: November 12, 1987

Conclusions: Under the conditions of this study, the acute inhalation LCgq for

Cunapsol 5 was > 5 mg/L in male rats. Although significant alterations in brain, liver,
and kidney to body weight ratios were observed in animals exposed to Cunapsol 5

vapor generated at 100 ©C, it is felt that these alterations are not of biological
significance.

Toxicity Category IV
Core Classification: supplementary

This study does not fulfill the requirements (81-3) for an acute inhalation toxicity study
in rats. :



1. MATERIALS

A. Test Material; Cunapsol 5; description: a water ‘emulsifiable: wr)od preservative
concentrate containing the following: *

_copper hydroxide naphthenic acid-48%
~ emulsifier-25%

_. water-27%
Lot number: 41214886 ‘

B. Test Animals; Male Sprag.e-Dawley rats; Source: net provided. weight: 72-113g.

Il. METHODS

A. Atmosphere Generation:

No data on atmosphere generation were provided.
B. Exposure:

Three groups of six male rats were exposed for 8 hours to vapors of Cunapscl 5

generated at room temperature, vapors of Cunapsol 5 generated at 100 °C, or
control atmosphere (temperature not specified). Rats were observed for toxic signs
during exposure.

C.Bost-Exposure Qbservations:

No post-exposure observations on clinical toxicity were provided. Body welghts
were recorded on post-exposure days 1, 3, 7, and 14.

Iil. RESULTS .
A. Atmosphere generation:

Nominal chamber concentrations of Cunapsol 5 were stated as 16.6 mg/L. when
generated at room temperature and 40.67 mg/L when generated at 100 °C.

B. Animal observations:

3

As stated on page 13 of the repon, inhalation of Cunapsol 5 vapors generated at



either room temperature or at 100 °C “did not produce death or outward toxic
signs.”

No significant body weight alterations were noted between control animals and
animals exposed to Cunapsol 5 vapors generated at room temperature. Group
mean post-exposure body weights of tast animals exposed to Cunapsol 5 vapors

generated at 100 9C were significantly lower than control on post-exposurg days 1,
3, and 7. At necropsy, group mean brain to body weight ratio was significantly

increased in animals exposed to Cunapsol 5 vapors generated at 100 °C, and
group mean liver and kidney to body weight ratios werae significantly decreased in
this same group. These findings were based upon statistical analysis performed by
the registrant.

IV. CONCLUSIONS

Under the conditions of this study, the acute inhalation LCg, for Cunapsol 5 was >

5 mg/L in male rats. Although significant altarations in brain, liver, and kidney to
body weight ratios were observed in animals exposed to Cunapsol 5 vapors

generated at 100 9C, it is felt that these alterations are not of biological
significance.

Toxicity Category IV

V. CORE CLASSIFICATION- supplementary

This study does not fulfil the requirements (81-3) for an acute inhalation toxicity
study in rats. The following information is requested in order to upgrade this study
to core minimum:

1) particle size analysis

2) inhalation chamber description

3) temperatura and humidity measurement data

4) explanation of statistical analysis

5) gross necropsy data

In addition to the above, it is to be noted that :

1) no temale rats were used in this study

2) the weight variation of control rals was > 20% of group mean body wsight
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Section |, Toxicology Branch |l (HFAS) (H7509C) ..

Data Evaluation Report

Study type: Cermal sensitization-guinea pigs (81-6)  ITox. Chem. No.; 245
MBID number; 411407-09
Test material: Cunapsol 5
Study number; 75-51-0497-88
Testing Facility: Department of the Army

U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report; Phase 2 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Sensitization Studies

Author(s): R.A. Angerhoter
L.M. Taylor
M.H. Weeks

Baport issued; November 12, 1987

t

Conclusions:.

Under the conditions of this study, Cunapsol 5 was found to have no dermal
sensitizing potential in guinea pigs.

Core Classification: supplementary

This study does not fulfill the requirements (81-6) for a dermal sensitization study in
guinea pigs.
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|. MATERIALS

A. Test Material: Cunapsol 5; desciiption: & water emulsifiable wood preservative
concentrate containing the ioliowing:

copper hydroxide naphthenic acid-48%
‘amulsifier-25%
watar-2, "

Lot number: 4121486 ~

B. Positive Control Material: DNCB (presumably, 1-chloro-2,4 dinitrobanzene)

C. Test Animals;Hartley guinea pigs; Source, age, sex, and weight not
provided.

Il. METHODS

A. Genaral; Ten guinea pigs were employed in this study. Gumea pigs were given
commercial laboratory chow and water ad libitum.

B. Induction: A minimally irritating concentration of Cunapsol 5 was applied in a
volume of 0.5ml to a patch, which was then applied three timas waekly to the
guinea pigs.

C. Challenge; Challenge apglication of test material was made after a “13 day rest
period” (page 5 of report). A patch containing 0.5ml of the maximum nonirritating
concentration of Cunapsol 5 was applied to the guinea pigs. Dermal irritation aftet-
challenge exposure to Cunapsol 5 was compared to initial reactions to determine
the sensitizing potential of Cunapsol 5.

HIl. RESULTS

As stated on page 12_of the report, challenge exposure to Cunapsol 5 resulted in
irritation scores that were “no greater than those for the initial application.” Positive
control animals showeda “greatly increased” scores after challenge application.

IV. CONCLUSIONS

Under the conditions of this study, Cunapsol 5 was found to have no dermal
sensitizing potaential in guinea pigs.
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V. CORE CLASSIFICATION- supplementary

This study does not fulfill the requirem‘ents (81-6) for a dermal sensitization study in
guinea pigs. The following information is requested in order to upgrade this study
to core minimum:

1) source, age, weight, and sex of animals used

2) data on dermal reactions in test and positive control guinea pigs
3) description of occlusive dressing used

4) site of applicatior: uf test material

5) duralion of induction period as well as duration of each application

6) data on any negalive control guinea pigs used
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Reviewsd by: Timothy F. McMahon, Ph.D.& @21 1) () %4

Section |, Toxicology Branch il (HFAS) (H7509C) .

Secondary Reviewer: Yiannakis M. loannou, Ph.D. dﬂ/}@y ///)/7 \! t,
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Data Evaluaiion Report
Study type: Primary dermal irritation-rabbits (81-5) Tox, Chem, No.: 245
MBID number: 411407-09
Test materdal: Cunapsol 5
Study pumber: 75-51-0497-88
Testing Facility; Department of the Army
U.S. Army Environmental Hygienae Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report: Phasa 2 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Primary Skin Irritation Studies

Author(s); R.A. Angerhofer
L.M. Taylor
M.H. Weeks

Beport issued; November 12, 1987

t

Under the conditions of this study, Cunapso! § was determined to be severely irritating
to the skin of white rabbits.

Toxicity Catgory | .. .

Core Classification; supplementary

This study doss not fulill the requirements (81-5) for a primary dermal irritation study
in rabbits. '

It is to be noted pursuant to paragraph (e)(3) of Section 81-4 that data demonstrating
the corrosive nature of the test substanc? may be submitted in lisu of a pimary eye
irritation study. ' '



I. MATERIALS

A. Test Material; Cunapsol 5; description: blue-green liquid having a musty odor and a
pHof 11.5.

composition: copper hydroxids naphthenis acid-48%
 emusifiar-25%
waler-27%
Lot number: 4121486 R

B. Tast Animals: New Zealand white rabbits; Source, age and weight not
stated.

Il. METHODS

Six rabbits were employed for study of the primary dermal irritation of coppar
naphthenate. Commercial chow and water were available gd.libitum.

Cunapsol 5 was applied as a 25% solution in corn oil in a volume of

0.5 m! to an intact skin site on 3 rabbits, and an abraded skin site on 3 separate
rabbits. Skin sites wera occluded for 24 hours. Erythema, eschar, and edema were
evaluated at 24 hours, 72 hours, and 7 days at intact and abraded skin sites.

Il RESULTS

Dermal ‘ritancy of Cunapsol 5 was similar to that of the emusifier ‘Emulsifier 8",
appendix E and F of report). At 24 and 72 hours, severe srythema was observed in
rabbits with botl: intact and abraded skin. Very slight to slight edema was observed
at 72 hours in rabbits with intact skin, while very slight to moderate edema was

cbserved in rabbits with abraded skin.

V. CONCLUSIONS

Under the conditions of this study, Cunapsol 5 was determined to be severely
irritating to tha skin of whita rabbits.

Toxicity Category |
V. CORE CLASSIFICATION - supplementary
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This study doas not fulfill the requireménts (81-5) for a primary dermal Irritation
study In rabbits. The following were omitted from the original study report and
should be provided to upgrade this study to core minimum:
1) source of animals
2) whether animals were clipped before application of test material
3) whether the test site was was‘hed after patch removal
4) tha devica used to occlude the test site

5) whether animals were restrained during and/or after testing

6) a sentence explaining whether the times of observation refer to the
time from application or removal of test material.

It is to be noted pursuant to paragraph (e)(3) of Section 81-4 that data demonstrating
the corrosive nature of the test substance may be submitted in lieu of & primary eye
irritation study.

G
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DRata Evaluation Report
Study type. Primary eye irritation-rabbits (81-4) Tox. Chem. No.; 245
MBID number: 411407-09
Test material; Cunapsol 5
Study number. 75-51-0497-88
Testing Facility; Department of the Army
U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report; Phase 2 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Eye Irritation Studies

Author(s): R.A. Angerhofer
L.M. Taylor
M.H. Weeks

Bepont issued: November 12, 1987

Conclusions:_

Under the conditions of this study, Cunapsol 5 was determined to be severely irritating
to the eyes of white rabbits.

Toxicity Catgory |

Core Classification;: supplementary

This study does not fulfill the requirements (81-4) for a primary eye irritation study in
rabbits. ' '

It is to be noted pursuant to paragraph (e)(3) of Section 81-4 that data demonstrating
the corrosive nature of the test substance may be submitted in lieu of a primary eys
irritation study.
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V. CORE CLASSIFICATION
supplemantary
This study does not fulfill the requirements (81-5) for a primary dermal irritation

study in rabbits. The following information is requested in order to upgrade this
study to core minimum:

1) source of animals
2) data on rabbit number 2 at 72 hours not provided

3) indicate those rabbits which were subjected to eye washing after
application of test material

4) provide data on scores for each subcategory of the Draize scale for each rabbit,
and not ju 3t summary irritation scores.

it is to be noted pursuant to paragraph (e)(3) of Section 81-4 that data demonslrahng
the corrosive nature of the test substance may be submitted in lieu of a primary eye
irritation study.
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I. MATERIALS

A. Test Matarial; Cunapsol 5; description: blue-green liquid having a musty odor and a
pH of 11.5.

composition: coppar hydioxida naphthenic acid-48%
© emusifier-25%
- water-27%
Lot number: 4121486

B. Test Animals: New Zealand white rabbits; Source, age and weight not
stated.

Il. METHODS

Nine rabbits were employed for study of the primary eye irritation of Cunapsol 5.
Commoercial chow and water were available ad libitum.

Cunapsol 5 (0.1ml) was instilled into the conjunctival sac of all nine rabbits. After 20
seconds, the test material was washed out of the eyes of three rabbits with warm tap
water for one minute, Irritation to the cornea, iris, and conjunctiva was evaluated 24,
48, and 72 hours after instillation of the test material. All rabbits were sacrificed after
the 72hr evaluation due to the severity of the ocular reaction.

IH. RESULTS

Corneal opacity, iritis, and conjunctival irritation were observed in the test eyes of
all rabbits at 24, 48 , and 72 hours. From 24 through 72 hours, corneal opacity and
iritis appeared 10 become progressively worse, as shown by irritation scores
(Appendix G of report). Scores for conjunctival irritation were maximal at all times
of observation.

IV. CONCLUSIONS

Under the conditions of this study, Cunapsol 5 was determined to be severely
irfitating to the eves of white rabbits.

Toxicity Categery |
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Reviewed by: Timothy F. McMahon, Ph.D.< «"~?1- J1/4/=¢
Section |, Toxicology Branch Il (HFAS) (H7509C) GO
Secondary Reviewer: Yiannakis M. loannou, Ph.D, /.% i/ /_7 /7 S g
Section {, Toxicology Branch It (HFAS) (H7509C)

Study type: Acute oral-rats (81-1) Tox. Chem, No.: 245
MRID number; 411407-10
Test material: M-Gard W-510
Study number; 75-51-0497-88
Testing Facility: Department of the Army
U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of report: Phase 3 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Acute Oral and-Dermal Toxicity Studies.

Author(s); R.A. Angerhofer
L.W. Metger

Report issued; not provided

Conclusions: Under the conditions of this study, the AOLDgq could not be determined
in male and female rats.

Core Classification; supplementary

This study does not fulfill the requirements (81-1) for an acute oral toxicity study in rats
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I. MATERIALS

A. Test Material:M-gard W-510; description: & water reducible wood preservative
concentrate containing copper naphthenate (58%), ornulsifier (10%),
“and hydrocarbon solvent (32%). Undiluted material was a green o
" liquid having a musty odor and pH of 7.2

Lot number: F-17421

B. Test Animals: Sprague-Dawley Wistar derived rats; Source, age and weight not
provided.

Il. METHODS

Male and female rats were employed in this study for determination of the
approximate lethal dose (ALD), defined as “the minimum lethal dose of a
compound” (page 4 of registrant report). One animal per sex per dosage level was
used to determine the ALD. Rats were given commercial laboratory chow and

water ad libitum. '

M-Gard W-510 was administered as the neat formulation via a stainless steel
stomach tube. Aiimals were observed for 14 days following dosing for clinical
toxicity. Body weights were recorded on days 1, 3, 7, and 14 postexposure. Gross
necropsy was performed on all survivors as well as those animais which died
during the study.

The.components of M-Gard W-510 (Emulsifier “"A", mineral spirits,. and copper
naphthenate ) were also tested for the ALD in rats under similar conditions as for
M-Gard W-510. Mineral spirits and Emulsitier “A™ were adminstered undiluted,
while copper naphthenats was administered as a 500mg/mi solution in corn cil.

ill. RESULTS

On page 9 of the registrant's report, it is stated that a “few" rats died during the 14
day observation period. Clinical signs were limited to lethargy and death “at
relatively high dosages.” No clinical signs or deaths were observed from
administration of either emiulsifier “A” or mineral spirits.

Gross pathological observations cn those rats which died during the observation
period showed “gastric and intestinal lesions which could be attributed to the
corrosive nature of the compound administered.” No gross patholog;cal findings
were observed in surviving rats.




IV. CONCLUSIONS

Under the conditions of this study, the AOLDg( could not be determined in male
and female rats.

V. CORE CLASSIFICATION
supplementary
This study does not fulfill the requirements (81-1) for an acute oral toxicity study in

rats. The following information is requested in order to upgrade this study to core
minimum:

1) source, age, and weight of animals used
2) times of death and numbers of rats which died during the study
3) necropsy data on all rats t

4) justification for and data on oral toxicity (AOLDgq) data in rabbits (page 4 of
report)
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Raviewad by: Timothy F. McMahon, Ph.D, ¢7¢" 1.4/« /7

Section |, Toxicology Branch Il (HFAS) (H7509C)

Secondary Reviewer: Yiannakis M. loannou, Ph.D.‘%/lf/'y/// /p/y 0
Section 1, Toxicology Branch Il (HFAS) (H7509C)

Study type: Acute dermal-rabbits (81-2) Tox. Chem, No.: 245
MBID number: 411407-10
Test matedal: M-Gard W-510
Study number; 75-51-0497-88
Testing Facility; Department of the Army
U.S. Army Environmental Hygiene Agency

Aberdean Proving Ground, Maryland 21010-5422

Title of report: Phase 3 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenata. Acute Studies: Acute Ora!l and. Dermal Toxicity Studies

Author(s): R.A. Angerhofer
L.W. Metger

Report igsued: not provided

lysions:

Under the conditions of this study, the acute dermal LDgq for M-Gard W-510 was >
2000 mg/kg in male and female rabbits.

Toxicity Category i
Core Ciassification: supplementary

This study does not fulfill the requirements (81-2) for an acute dermal toxicity study in
rabbits.



|. MATERIALS L Tng

A. Tast Matarial: M-gard W-510; description: & Watr reducible wood praservative
concentrats containing copper naphthenate (58%), emulsifisr (10%), "\
“and’ hydrocarbon solvent. (3?%) Undiluted material was a gresn
liquid having a musty odor and pH of 7.2

~ B. Test Animals; New Zealand white rabbits; Source, age and weight not
provided.

Il. METHODS

Five male and five female rabbits were employed in this study. Rabbits were given
commercial laboratory chow and water ad libitum.

M-Gard W-510 was administered as the neat solution at a dose of 2000 mg/kg to
the shaved backs of male and female rabbits. The treated area was occluded for
24 hours. Clinical toxicity and death were monitored over a 14 day post-exposure
period.

{ll. RESULTS

No deaths were reported from dermal application of of 2000 mg/kg M-Gard W-510.
M-Gard W-510 caused slight to moderate dermal irritation, followed by scaling and
sloughing of dead skin (time course not provided). No other clinical signs of toxicity
were reported. Body weights “remained stable batween pretest and sacrifice.”

IV. CONCLUSIONS |

Under the conditions of this study, the acute dermal LDgq for M-Gard W-510 was > |
2000 mg/kg in male and female rabbits.

Toxicity Category il
V. CORE CLASSIFICATION
supplementary
This study does not fulfill the requirements (81-2) for an acute dermal toxicity study

in rabbits. The following information is requested in order to upgrada this study to
corg minimum:
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1) source, age, and weight of animals used foolh
2) necropsy data on all rabbits
3) description of occlusive dressing used

4) whether animals were restrained or dressing was sufficient to prevaent ingestion
of test material

5) percentage of body surface over which test material was applied



Ré\)léwed by: Timothy F. McMahon, Ph.D. P u_/z) 50
Section |, Toxicology Branch Il (HFAS) (H7509C)

Sacondary Reviewer: Yiannakis M. loannou, Ph.D. //}(% ,,/7//0
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Study type: Acute Inhalation-rats (81-3) Tox. Chem. No.: 245
MRBID number; 411407-10

Test material(s); M-Gard W-510, grulsifier A", copper naphthenate
Study number: 75-51-0497-88

Testing Facility: Department of the Army

U.S. Army Environmental Hygiens Agency
Aberdeen Proving Ground, Maryland 21010-5422

Title of report; Phase 3 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Saturated Vapor Inhalation Studies

Author(s): R.A. Angerhofer
L.W. Metger

Report issued: not provided

Conclusions: Under the conditions of this study, the acute inhalation LCgq for M-Gard

W-510 was > 5 mg/L in male rats when exposed 1o test matenal vapors generated at
room temperature. Chamber concentrations of emulsifier “A” ‘énd copper naphthenate

were inadequate for acute inhalation toxicity studies.
Toxicity Category IV
Core Classification; supplerientary

This study does not fulfill the requirements (81-3) for an acute inhalation toxicity study

in rats.
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|. MATERIALS

A. Test Mataral(s): 1) M-gard W-510; description: a waler reducible wood preservative
concentrate containing copper napt*thenata {58%), emulsifier =
(10“/01 and hydiocarbon solvent (32%;: Undiluted matetial was a
green liquid having a musty edor and pH of 7.2 Lot number: F-
- - 17421

2) emulsifier "A"; description: proprietary material

3)copper naphthenate; description: dark blue-green amorphous
solid having a musly odor

B. Test Animals; Male Sprague-Dawley rats; Source: not provided. weights:
1) copper naphthenate: 94-120g
2) M-Gard W-510: 86-13g
3) emulsifior *A" 85-101g

. METHODS

A. Atmosphere Generation:

No data on atmosphere generation wore provided.

B. Exposure;

Rats were weighed before test article exposure. Groups of six male rats were
exposed for 8 hours to vapors of each test compound generated at room

temperature, vapors of each tast compound generated at at 100 °C, or a centrol
atmosphere (temperature not specified). In addition, two separate groups of six rats -

were exposed to vapors of M-Gard W-510 generated at 50 OC for 8 and 2 hours,
respectively. Rats were observed for toxic signs during exposure.

C.Post-Exposure Observations:

No post-exposure observations on clinical toxicity were provided. Body weights
were recorded on post-exposure days 1, 3, 7, and 14. '



Iil. RESULTS
A. Atmosphera generation:

Nominal chamber concentrations of copper naphthenate were stated as less than

0.5 mg/L. when genarated at both room temperature and 100 °C. Chamber
concentration of M-Gard W-510 generated at room temperature was stated as 5.46

mg/L, 16.75 mg/L when generated at 100 °C, and 14.48 mg/L when generated at

500C. A two-hour exposure to *4-Gard W-510 vapor generated at 50 °C produced
a nominal chamber concentration of 13.67 mg/L.

Littlo or no vaporization was acheived witi gfiulsitier “A".
Animal of I

No adverse effects were noted in rats exposed to copper naphthanate vapor

generated at either room temperature or 100 °C. (page 11 of registrant report). No
statemants ware made concerning clinical toxicity from exposure to either M-Gard
W-5101or emulsifier "A”",

No significant body weight alterations were noted between control animals and
animals exposed to copper naphthenate vapors genarated at room temperature cr

100 ©C. Organ to body weight ratios were also unaffected in these test groups.

No significant body weight or organ to body weight changes were observed in rats
exposed to M-Gard W-510 vapors generated at room temperature.

Four of six rats exposed to M-Gard W-510 vapors generated at 100°C were dead
on day 1 post-exposure (page K-1 of ragistrant report). Five of six animals exposed

to M-Gard W-510 vapors generated at 50 °C were dead on day 1 post-exposure.

Two-hour exposure to M-Gard W-510 vapors generated at 50 °C did not producs
any adverse effects. -

IV. CONCLUSIONS

Under the conditions of this study, the acute inkalation LCgq for M-Gard W-510

was > 5 mg/L in male rats when exyusec o test material generated at room
temperature. Chamber concentrations of ernuisifier “A" and copper .& 1t.cnate
wera inadequate for acute inhalation toxicity studies.

Toxicity Category IV

40
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V. CORE CLASSIFICATION- supplementary
This study dees not fulfill the requirements (81-3) for an acute inhalation toxicity

study in rats. The following information is requested in order to upgrade this study
to core minimum: - -

1) particle sizg analysis for each test compound

2) inhalation chamber dascription for each test compound

3) temperature and humidity measurement data for each tast compound
4) explanation of statistical analyses

5) gross nacropsy data

In addition to the above, it is t0 be noted that :

1) no female rats were used in this study

2 ) the nominal concentration of copper naphthenate achieved in this study (0.5
mg/L) was well below the limit dose concentration of 5 mg/L.
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Reviewed by: Timothy F. McMahon, Ph.D. R S TR TRV Ry

Secondary Reviewer: Yiannakis M. loannou, Ph.D.,}[/;'/f-Z 74 )70
Section |, Toxicology Branch Il (HFAS) (H7509C) _
Data_Evaluation Report
Study type: Dermal sensitization-guinea pigs (81-6)  Tox, Chem. No.; 245
MRID number: 411407-10
Test matedal: M-Gard W-510
Study number; 75-51-0497-88
Testing Facility; Department of the Army
U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title of raport: Phase 3 Praliminary Assassment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Sensitization Studies

Author(s): R.A. Angerhofer
L.W. Metger

Bepor issued: not provided
Conclusions:

t

Under the conditions of this study, M-Gard W-510 was found to have no dermal
sensitizing potential in-guinea pigs.

Core Classification: supplementary

This study does not fl}lﬁr” the requirements (81-6) for a dermal sensitization study in
guinea pigs. \



. MATERIALS =~ - o i

A. Test Mataral:M-gard W-510; description: & water reducible wood pms.crwatwe
concentrata containing copper naphthenate (58%).‘emuls ifiar (10%)
_and hydrocarbon solvent {32%). Undiluted material was a green
~liquid having a musty odor and pH of 7.2

Lot number: F-17421

B. Positive Control Material: DNCB (dinitrochlorobenzene)

C. Tast Animals:Hartley guinea pigs; Source, age, sex, and weight not
provided.

Il. METHODS

A. Genperal: Ten guinea pigs were employed in this study. Guinea pigs were given
commercial laboratory chow and water ad libitum.

B. Induction: A minimally irritating concentration of M-Gard W-510 (25% in comn oit)
was applied in a volume of 0.5mi fo a patch, which was then applied three times
weakly to the guinea pigs.

C. Challengs; Challenge application of test material was mads afier a “13 day rast
period” (page 5 of report). A patch containing 0.5m! of the maximum nonirritating
concentration of M-Gard W-510 was applied to the guinea pigs. Dermal irritation
after challenge exposure to M-Gard W-510 was compared to initial reactions to
"determine the sensitizing potential of M-Gard W-510.

Il RESULTS

As stated on page 10 of the report, challengev exposure to M-Gard W-510 resulted
in irntation scores that were “no greater than those for the initial application.”
Positive control animals showed *“greatly increased” scoras after challenge
application.

IV. CONCLUSIONS

Under the conditions of this study, M-Gard W-510 was found to have no dermal
sensitizing potential in guinea pigs.
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V. CORE CLASSIFICATION- supplementary
This study does not fulfill the requirements (81-6) for a dermal sensitization study in

guinea pigs. The following information is requested in order to upgrada this study
1o core minimum:

1) source, age, weight, and sex of animals used

2) data on dermal reactions in test and positive control guinea pigs
3) description of occlusive dressing used

4) site of application of test material

5) duration of induction period as well as duration of each application

6) data on any negative control guinea pigs used




Reviewed by: TImothyF McMahon, Ph.D. =1, 1, =,
Section |, Toxicology Branch Il (HFAS) (H7509C) .
Secondary Reviewer: Yiannakis M. loannou, Ph. K)[Mﬁg // /;' ) I

Section [, Toxicology Branch il (HFAS) (H7508C)(
Data Evaluation Heport

Study type. Primary dermal irritation-rabbits (81-5) Tox, Chem, No.; 245
MRID number: 411407-10
Test materal Emuisfor A"
Study number; 75-51-0497-88
Testing Fagility; Department of the Army

U.S. Army Environmental Hygiene Agency

Averdeen Proving Ground, Maryiand 21010-5422
Title of report: Phase 3 Prdliminary Assessment of the Relative Toxicity of Copper

Naphthenate, (Mooney Chemicals), Acute Studies: Primary Skin
Irritation Studies

Author(s): R.A. Angerhofer
L.W. Metger

Beport issuaed: not provided
Cenclusions:

Under the conditions of this study, Emuisifier “A” was determined to be non-irritating to
the skin of white rabbits. :

Toxicity Catgory IV

e

Core Classification: supplementary

This study does not fulfill the requirements (81-5) for a primary dermal irritation study in
rabbits.




l. MATERIALS
A. Test Material:Emu!sifier "A®; description: proprietary compound

B. Test Animals; New Zealand white rabbits; Source, age and weight not
stated.

Il. METHODS

Six rabbits were employed for study of the primary dermal irritation of Emulsiiar “A™
Commercial chow and water were available ad libitum. Animals were housed
individually in wire cages.

_Emulsifior “A" was applied in a volume of 0.5 ml to an intact skin site on 3 rabbits, and
an abraded skin site on 3 separate rabbits. Skin sites were‘occluded for 24 hours.
Erythema, eschar, and edema were evaluated at 24 hours, 72 hours, and 7 days at
intact and abraded skin sites.

lil. RESULTS . '

No evidence of dermal irritation fronﬁmEm}{lsifievrw“"/‘i“kwas reported in either intact or
abraded skin at 72 hours.

V. CONCLUSIONS

Under the conditions of this study,fﬁﬁgjsjiﬁﬁer j/_-’t:j‘ was non-irritating to the skin of
white rabbits. o -

Toxicity Category IV

V. CORE CLASSIFICATION

supplementary
This study does not fulfill the requirements (81-5) for a primary dermal irritation
study in rabbits. The following are requested to upgrade this study to ccre

minimum:

1) source of animals

2) whether animals were clipped before application of test rﬁaterial
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3) whether the test site was washed after patch removal
4) the device used to occlude the test site

5) whether animals were restrained during and/or after testing

6) a sentence explaining whether the times of observatiori refer to the
time from the application or removal of test material.
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Reviewed by: Timothy F. McMahon, Ph.D.c" 2 . :

Section |, Toxicology Branch Il (HFAS) (H7509C) ; ' o
Secondary Reviewer: Yiannakis M. loannou, Ph.D. | /1//./[ /‘//7/? ¢ A I
Section |, Toxicology Branch Il (HFAS) (H7509C) /_

Data_Evaluation Report

Study type: Primary dermal irritation-rabbits (81-5) IQ_L_QD_Q_!II_,_HL 245
MRID number: 411407-10
Test materiakmineral spirits
Study number; 75-51-0497-88
Testing Facility: Department of the Army

U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422
Title of report; Phase 3 Preliminary Assessment of the Relative Toxicity of Copper

Naphthenate, (Mooney Chemicals), Acute Studies: Primary Skin
Irritation Studies

Author(s): R.A. Angerhofer
L.W. Metger

Beport issued: not provided
Conclusions:

Under the conditions of this study, fiineral splnts was determined to be slightly
irntating to the skin of white rabbits.

Toxicity Catgory Ili

. e

Core Classification: supplementary

This study doas not fulfill the requirements (81- 5) for a primary dermal irritation study in
rabbits.



. MATERIALS
A. Test Material:minera! spirits

B. Test Animals: New Zealand white rabbits; Source, age and weight not
stated.

Il. METHODS

Six rabbits were employed for study of the primary dermal irritation of mineral spirits.
Commercial chow and water were available gd libitum. Animals were housed
individually in wire cages.

“"Mineral spirits were applied in a volume of 0.5 ml to an intact skin site on 3 rabbits, and
an abraded skin site on 3 separate rabbits. Skin sites were occluded for 24 hours.
Erythema, eschar, and edema were evaluated at 24 hours, 72 hours, and 7 days at
intact and abraded skin sites.

Il. RESULTS
At 72 hours, very slight erythema and eschar formation was observed on intact skin
resulting from application of mineral spirits. Erythema and eschar formation on

abraded skin at 72 hours was also graded as very slight

No edema formation was observed at 72 hours from application of mineral spirits to
either intact or abraded skin.

IV. CONCLUSICNS

Under the conditions of this study, mineral spirits was determined to be shghtly
irritating to the skin of white rabbits.

.

Toxicity Category I

V. CORE CLASSIFICATION
supplementary
This study does not fulfill the requirements (81-5) for a primary dermal irritation

study in rabbits. The following are raquested to upgrade this study to core
minimum:

(VA



1) source of animals

2) whether animals were clipped before application of test material
3) whether the test site was washed after patch removal

4) the device used to occlude the test site

5) whether animals wers restrained dpring and/or after testing

6) a sentence explaining whether the times of observation refer to the
time from the application or removal of test material.
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Reviewed by: Timothy F. McMahon, Ph.D.o” 7771 2/ 4/ 54

Saction |, Toxicology Branch 1l (HFAS) (H7509C) / / // /i
Secondary Reviewasr: Yiannakis M. loannou, Ph.D./M’" Sy
Saction |, Toxicology Branch |l (HFAS) (H7509C) |

Study type: Prdmary dermal irritation-rabbits (81-5) Tox, Chem, No.: 245

MRBID pumber; 411407-10

Tast materal: M-Gard W-510

Study number; 75-51-0497-88

Testing Facility: Department of the Army
U.S. Army Environmental Hygiens Agency
Aberdeen Proving Ground, Maryland 21010-5422

Title of repot;  Phase 3 Preliminary Assassment of the Relative Toxicity of Copper
Naphthenate, (Mooney Chemicals), Acute Studies: Primary Skin
Irritation Studies

Author(s): R.A. Angerhofer
L.W. Metger

Beport issued; not provided
conglusions:

t

Under the conditions of this study, M-Gard W-510 was determined to be moderately
irntating to the skin of white 1abbits.

Toxicity Catgory Hi

‘e w

Core Classification: supplemaentary

This study does not fulfiil the requirements (81-5) for a prirhary dermal irritation study in
rabbits.

-
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I. MATERIALS

A. Test Materal: M-gard W-510; description: &v 2*ar raducible wood Fresarvative
concentrate containing copper ~aphthenate (58%), emulsifier’ (10%),
' and hydrocarbon solvent (32%) Undiluted material was a green '
fiquid having a musty odor and pH of 7.2

B. Jest Animals: New Zealand white rabbits; Source, age and weight not
stated.

Il. METHODS

Six rabbits were employed for study of the primary dermal irritation of M-Gard W-510.
Commarcial chow and water were available ad libitum. Animals wera housed
individually in wire cagses.

Application of M-Gard W-510 as neat material was not possible due to staining of the
skin site. Thus, M-Gard W-510 was applied as a 25% solution in corn oil in a volume of,
0.5 mi to an intact skin site on 3 rabbits, and an abraded skin site on 3 separate
rabbits. Skin sites were occludsd for 24 hours. Erythema, eschar, and edema ware
evaluated at 24 hours, 72 hours, and 7 days at intact and abraded skin sites.

Il RESULTS

~ At 72 hours, well-defined to moderate arythema and aschar formation was reported
on intact skin from application of 25% M-gard W-510 in com oil. Erythema and
eschar ranged from very slight to severe on abraded skin at 72 hours.

Edema formation at 72 hours resulting from application of 25% M-Gard W-510 in
corn oil was reported as very slight to moderate. Edema formation on abraded skin
at 72 hours was raported as non-existent to very slight. No other toxicities were
reported in this study,_ .

IV. CONCLUSIONS

Under the conditions of this study, M-Gard W-510 was determined to be maderately
irritating to the skin of white rabbits.

Toxicity Category lii




V. CORE CLASSIFICATION
supplementary

This study does not fulfill the requirements (81-5) for a primary dermal irritation

stgdy in rabbits. The following are requested to upgrads this study to core

minimum:

1) source of animals

2) whether animals were clipped before application of test material

3) whether the test site was washed after patch removal

4) the device used to occlude the test site

5) whether animals were restrained during and/or after testing

6) a sentence explaining whether the times of observation refer to the
tima from the application or removal of test material.




Raeviewed by: Timothy F. McMahon, Ph.D. =77+ 1j+77,
Section |, Toxicology Branch I (HFAS) (H7509C) a .
Secondary Reviewer: Yiannakis M. loannou, Ph.D. #/f/;/ H/y/go A AN
Section }§, Toxicology Branch 1l (HFAS) (H7509C) ;
Data Evaluation Report

Study tyne: Primary eyse irritation-rabbits (81-4) Tox, Chem. No.: 245
MRID number; 411407-10
Test materdal: M-Gard W-510
Study number; 75-51-0497-88
Testing Facility. Department of the Army

U.S. Army Environmental Hygiene Agency

Aberdeen Proving Ground, Maryland 21010-5422

Title ot report: Phase 3 Preliminary Assessment of the Relative Toxicity of Copper
Naphthenate. Acute Studies: Eye liritation Studies

Author(s): R.A. Angerhofer
LW, Metger

Report issued: not provided

t

- Conclusions; Under the conditions of this study, M-Gard W-510 was determined to be
non-irritating to the eyes of white rabbits.

Toxicity Category IV
Core Classification: supplementary

- w

This study does not fulfill the requirements (81-4) for a primary eye ifritation study in
rabbits.
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1. MATERIALS

A. Test Material: M-gard W-510; description: a water reducible wocd preservative
_.concentrate containing copper naphthenate (58%), emuisifier (10%),
__and hydrocarbon solvent (32%). Undiluted material was a green }
hquid having a musty cdor and pH of 7.2 ,

B. Test Animals: New Zealand white rabbits; Source, age, sex and weight not
stated.
il. METHODS

Nine rabbits were employed for study of the primary eye irritation of M-Gard W-510.
Commericial chow and water were available ad libitum.

A 25% solution of M-Gard W-510 in corn oil in a volume of 0.1 m! was instilled into the
conjunctival sac of the eye (right or left not specified) of all nine rabbits. Test material
was washed from the eyes of three rabbits after 20 seconds with warm distilled water
for 1 minute. Ocular reaction was determined in all nine rabbits 24, 48, and 96 hours
following application of M-Gard W-510.

Ill. RESULTS

No ocular irritation was observed in unwashed or washed eyes of all rabbits at any
time following ocular instillation ot M-Gard W-510. No other toxicities were reported
for M-Gard W-510.

IV. CONCLUSIONS

Under the conditions of this study, M-Gard W-510 was determined to be non-
irritating to the eyes at white rabbits.

Toxicity Category IV
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' V. CORE CLASSIFICATION | AN
supplementary

This study does not fulfill the requirements (81-4) for a primary eye irritation study

in rabbits. The following were omitted from the original study report and should be

included to upgrade this study to core minimum:

1) source and sex of animals

2) description of the method used to score irritation (fluorescein, etc.)

3) explanation for the 7-day data in Appendix H when animals were euthanized at
96 hours.
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DATA EVALUATION RECORD hoolbao

CHEMIcAL: Copper naphthenate.

STUDY TYPE: Mutagenicity--Unscheduled DNA synthesis in primary
rat hepatocytes.

MRID NUMBER: 411407-01.
TEST MATERIAIL: Copper naphthenate.

SYHONYM: None listed.

t

: U.S. Army Environmental Hygiene Agency, Aberdeen Proving
Ground, MD/Toxikon Corp., Woburn, MA.

TESTING FACILITY: SITEK Research Laboratories, Rockville, MD,

TITLE OF BQEORI Test for Chemical Induction of Unscheduled DNA
Synthesis in Rat Primary Hepatocyte Cultures by Autoradiography.

AUTHOR: Thilagar, A.

-

STUDY NUMBER: 0088-5100.

REPO SUED: October 25, 1988,




: Three doses of copper naphthenate
(10, 15, and 20 ug/mL) were evaluated for the potential to induce
unscheduled DNA synthesis (UDS) in primary rat hepatocytes.
Concentrations >50 ug/mL were insoluble; the highest scored level
(20 pg/mL) induced an =50% reduction in cell survival but was not
genotoxic. As the dose decreased, however, increased average
nuclear grain counts, cytoplasmic grain counts, mean net nuclear
grain counts, and the percentage of nuclei with >5 grains were
observed. The finding at the lowest dose (10 ug/mlL) was considered
“"significant" by the study author. We assess, therefore, that
copper naphthenate gave a presumptive positive response in this
test system. The assay should be repeated to determine the
reproducibility of the results. We conclude that the study is
unacceptable because definitive results were not obtained, test
material purity was not reported, and there were no analytical data
to support actual concentration in solution,

study Classification: The study is unacceptable.
A. UWATERIALS:
1. Test Material:

Name: Copper naphthenate. t
Description: Black, viscous liquid.

Batch No.: P-17453

Purity: Not reported.

Contaminants: None listed.

Solvent Used: Acetone.

Other comments: The test material was stored at room
temperature; solutions of the test material were prepared
immediately prior to use. According to the raw data,

55.9 mg of the test material was "moderately soluble in

0.8 to 1.2 mL of acetone and doses >50 ug/mL precipitated
in the culture medium."

2. Indjcator Cells: Primary rat hepatocytes were obtained by
the in situ perfusion of the livers of adult male Sprague-
Dawley rats (200-325 g) obtained from Charles River Lab-
oratories, Inc. Animals were quarantined at least 1 week
prior to study initiation.

3. Ce ration:

a. Hepatocyte Iscolation: Each rat was anesthetized by
inhalation of metofane, and the livers were perfused
with 0.5 mM EGTA in Hanks' buffered salt solution (pH
7.3) and WME buffered with HEPES (pH 7.3) and
supplemented with 2 mM L-glutamine, collagenase (100
units/mL, type 1), and antibiotics. Livers were
excised, cleaned of extraneous tissue, shaken in the

4
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collagenase perfusion solution, and passed through a
stainless steel sieve to release the hepatocytes.

b. Hepatocyte Harvest/Culture Preparation: Prior to
treatment, the isolated hepatocytes were cultured in
WME buffered with 0.01M HEPES (pH 7.3) and supplemented
with 10% heat-inactivated FBS, 2mM L-glutamine, 100
units/mL penicillin, and 100 ug/mL streptomycin.
Recovered cells wereg collected, counted, and seeded at
a density of 2.5x10° cells, either into preconditioned
35-mm tissue culture dishes for the cytotoxicity assay
or onto coverslips in 35~mm tissue culture plates for
the UDS assay. Cultures were incubated for =2 hours,
washed, and refed prior to use.

4. Positive Controls: The positive control, 2-acetyl-
aminofluorene (2AAF), was dissolved in ethanol to yield
finalyconcentrations of 2.0 and 10.0 ug/mL.

B. STUDY DESIGN:

1. e i totoxicit s : Duplicate cultures of
cells, initiated from primary cultures, were exposed to 14
doses of the test material ranging from 0.05 to 500 ug/mL,
the negative control (WME), or the solvent (acetone)
control, for 18 to 20 hours. Following exposure, cell
viability was determined by trypan blue exclusion. Based
cn these results, five doses were selected for the UDS
assay.

2. UDS Assay:

a. Treatment/Slide Preparation: Nine prepared hepatocyte
cultures (three cultures seeded into tissue culture
dishes and six cultures seeded onto coverslips) were
exposed for 18 hours to the selected doses of the test
material, the negative (WME), the solvents (acetone for
the test material and ethanol <for the positive
control), or the positive (2 and 10 ug/mL 2AAF)
controls. The treatment medium, serum-free WME
contained 10 uCi/mL [H Jthymidine. Monolayers grown
directly on dishes were used to assess cytotoxicity as
described for the preliminary cytotoxicity assay.

Treated hepatocytes attached to coverslips were used
for the UDS assay and were washed, swollen with 1%
sodium citrate, fixed (methanol-glacial acetic acid),
dried, and mounted.




Slides were dlpped 1nto Kodak NTB emulsion, dr1ed for
90 minutes, and stored in a refrigerator in desiccated
slide boxes for 8 days. Slides were developed in Kodak
D-19, fixed, stained with hematoxylin, mounted, coded,
and counted.

Grain Counting: The nuclear grains of 300 randomly
selected cells with normal morphology (50/slide) from
the three highest scorable test doses, negative,
solvent, and positive control groups were scored for
incorporation of [BH]thymidine into DNA. Net nuclear
grain counts were determined by subtracting the nuclear
grain count of each cell from the average cytoplasmic
grain count of three nuclear-sized areas adjacent to
each nucleus.

The means of net nuclear grain counts and the standard
error of the means were calculated for each treatment
group.

Additionally, 300 randomly selected cells were scored
to determine the percentage of nuclei exhibiting
S-phase DNA synthesis.

t

3. Evaluation Criteria:

a.

Assay Validity: For the assay to be considered valid,
the following criteria must be satisfied: (1) the
average net nuclear grain count per cell in the
negative controls (untreated and solvents) should be
<5 and the percentage of cells with >5 net nuclear
grain counts should be <20%; (2) average net nuclear
grain count for the positive contreol should be >22 and
at least 30% of the cells should have >5 net nuclear
grains; (3) at least one test concentration should show
a >25% reduction in growth; and (4) at least 0.2% of
the negative control nuclei should show replicative DNA
synthesis.

Positive Responses: The assay was considered positive
if the test material induced a dose-related increase
in mean net nuclear grains and one or more of the doses
had a "significant* increase in the mean net nuclear
grain count over the concurrent solvent contrcl. 1In
the absence of a dose-related effect, a compound that
shoved nuclear grain counts that were "significantly"
increased compared to the concurrent solvent ccntrol
over two successive doses was also considered positive.




e

1. Preliminary Cytotoxicity Assay: Ten doses (0.05 to 500
ug/mL) of the test material were examined in the
cytotoxicity assay.

No cells survived exposure to test material doses ranging
from 50 to 500 ug/mL. At 10 pg/mL, 73.8% of the cells
survived; below this concentration th: test material was
not cytotoxic. Based on these findings, the five doses
selected for the UDS assay were 1, 5, 10, 15, and 20 ug/mL
of copper naphthenate.

2. UDS Assay: Representative results from the UDS and par-
allel cytotoxicity assay are presented in Table 1. Cell
survival was dose related and ranged from 56.4% at the
highest assayed dose (20 ug/mL) to 100% at the lowest dose
(1 pg/ml). UDS activity was, therefore, scored for
cultures exposed to the three highest doses (10, 15, and
20 pg/mL). Results for the slide analysis indicated no
appreciable increase ip UDS activity in cultures exposed
to the high dose. However, as the dose decreased, the
average nuclear grain count, the average cytoplasmic grain
count (these values were calculated by our reviewers), the
mean net nuclear grain count, and the percentage of nuclel
with >5 grains increased. The highest values for these
parameters were calculated for the lowest test material
dose (10 ug/mL). The study author concluded "the test
article caused a marginal positive response in this study.*

REVIEWERS' DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

We assess that a genotoxic effect is indicated by the data from
the low~-dose group of copper naphthenate (10 ug/mL). However,
the accompanying increase in background cytoplasmic grain
counts may be related to technical problems with staining. The
study author did not report test material insolubility at
concentrations below 50 pg/mL; therefore, the increase in
background counts cannot be attributed to test material
precipitation. Since background counts were lower at the
highest concentration as compared to the doses, compound
insolubility probably was not a contributing factor.

We assess that the investigators should have scored lower doses
to determine if the effect was dose dependent; the assay should
have been repeated to determine if the effect on UDS was
reproducible. We conclude, therefore, that copper naphthenate
is presumptively positive in this test system; therefore, the
study should be repeated to determine if the response was dose
dependent and whether the increase in mean net nuclear grain
counts at 10 ug/mL was valid or resulted from technical
difficulties.

GY
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TABLE 1. Representative Results of the Unscheduled ONA Synthesis Rat Hepatocyte Assay with Copper Kaphthenate
Hean Net
Average® Averega® Huclear
Relative Nuclear Cytoplasmic  Grain Percent
Dose Cefls Percent Grain Grain Count Nuclel w/
Treatment (ug/mL)  Scored Survival Count Count t S.E. »5 Grains
Hegative Control
Culture medium - 300 105.1 5.11 5.49 <0.3820.63 1.7
solvent Control
Acetone
(test material) .- 300 100.0 4.00 4.32 -0.3220.1% 0.0
Ethanol (positive
control) - 300 100.0 6.46 6.83 -0.37:0.33 1.0
Positive Control
2-Acetylemino-
fluorens 10 300 50.0 47.83 6.96 40.87:21.79 160.0
Test Materisl
Coppar nephthenate 10 300 7.8 16.25 11.90 4.3521.71 40.0
15 300 1.5 12.85 .48 1.37:045 7.6 °
20 300 56.4 6.90 7.10 +0.2020.42 1.0

Byatues tabulated by our reviewers from the raw dsta.
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We noted a discrepancy between doses identified on the scoring
code sheet (15, 12.5, and 10 ug/mL, see Appendix B, CBI p. 26)
and thae reported doses. However, all other raw data entries
supported the dose levels used in this study (i.e., 10, 15, and
20 pg/mL). The lack of a definitive response in conjunction
with missing information on test material purity and supporting
analytical data to confirm actual concentrations renders the
study unacceptable.

E. OQUALITY ASSURANCE MEASURES: A quality assurance statement was
signed and dated October 25, 1988.

F. CBI APPENDIX: Appendix A, Materials and Methods, CBI pp. 9~14.
Appendix B, Appendix I of the CBI, Score Sheets, CBI p. 26.




Appendix A

Materials and Methods
(CBI pp. 9-14)
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' 'Study No. 0088-5100

MATERTALS AND MBTHODS o

INDICATOR CELLS
Snurce

ifale Sprague~Dawley ra%3 welghing approximately 200-325 g
waerae receivel from Charles .!iver Breeding Laboratories, Ralneigh,
Horth Carolian, quarintined for at lenst a week, and honged in
the eninal roon accocding to the Standard Operating Procaduras
ui SITFK Rescarch Laborntories. Priaary hepatocytea ware
nbtainad from thase animals Ly in situ collagenasa narfusioan of
the liver. '

Coaltera Conditicns

Drior to treatmoant, the isolated primasy hej.al  stes uere
vsuliured in ¥illiams' Hediua B (IME) bLuffered with V.01 HSPES
st 7.3) ~nd supnlenented with 10% heat-inac‘ivatad f:tal bovine
. rum (HIFBS), 2aM L-glutamine, 100 units/ml penicillin and
100 ug/el strep*omnyein. During the treatment period, the nrisary
hepatocyt 3 were cultured in WME buffered with HEPBS (pH 7.3 and
supplenentlod with 2mM L-glutamine, 100 units/ml :~2nicillin and
100 ug/m}l streptomycin. The cells were cultured in a humidified
itcubator at 37 #1.0¢C in an atmraphere of approximctely
5% CO: and 95% air.

CCNT' JL SUBSTANCES

T™yaitive Control

2-tcetyleminofluornne (2AAF), which induces unachedulad LA
+ 'nthesgis, was used as the positive control substance. The
5.1rea and zurity of the 23AF used 'n this study are given bhelow.
Couine: SIGHMA Chemicnl Co. Lot &: B4iF-3T749
CA3 Reuistyry Mumber: 53-96-3

Purity: 95-97%

Solvent Controls

The following solvents used for dissolving the test article
and positive control substance served as the solvent controls.

Acetonu t 13 usced to prepare the test article stock 3olu-
tions.
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The source and lot numuer of the acetone us-~d in thias study
are Ziven belrw:

Sourece: Fisher Sclentific Lot 2: 871653

CAS Reglistry Huaber: 67-64-1

Ce.:ificate of Actual Tot Analysis

Asaay 99,35%
Lensity (zZrama/mnl) at 25¢C 0.7852
Rasidue after cevaporation 0.0002%
Color (APIA) 5

Water 0.5%

The positive .ontrol gub tance 2AAP was disaolved in ethanul,
he source nf the thanol used in this study {3 ziven helow:

Soures: Cleas Spri ¢ Distilling Co. Lot ¥: 13-3400,
18~1100

CAS Registry MNuwpber: 687=-17-5

TiST AkKTICLE

The test article Copper Najpthenate was received on July 8,
1988, and stored at room temperature. The test article was
weighed, iiluted with acetone, and mixed thoroughly to prepare
the 3tock solutiona. The lot numbar, purity and phyaical
dszcription of the test article were not provided by the S_.snsor.

SXPBRIMBNTAL PROCTDUL i8S

Pr. varation of [lapat :yte Cultures

[he methoda uiaed foo the isolation of the h-atocytes are
rolifications of the prucedures used by G, M. Yilliams (1,2)
rad J. Bradluw (3).

Sepuraté'hcpatocyte preparations {vne rut per preparation)
were used for the F..nge Finding Test and the UDS Assay. The
anical was anesthetized by inhalation of i‘etofane and dissected
to rx)jose the liver. Perfusion of the liver was performed as
follows: A 21-gauge needle waas inserted into the hepatic portal
vein, end prior to initiating the perfusion, the inferior vena
sava was clampaed. The liver was perfugsed at the rate of 8-10
al/minute for 1-2 minutes with ethylene glycol-bis-{(B-aminoethzyl
ether)-N,N,N'" ,N'-tetraacetic acid (EGTA) solution [0.5=mM in

10 | 7.
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Cat**=-free and Mg**-free ilanks' Balanced Salt Solution (HBSS)
buffered with 0.01M HEP3S (pH 7.3)]. After this period, the
Yeart was punctured and the inferior vena cava wag cut below the
clamp. The perfuslion rate was then increased to r-proxiaately
20 wl/min'tte. After perfusing about 120 ml of EGT. soiution,
250 ml of collzgenase solution (100 units of collafenaae type
I/al of serum-"cree WME buffered with HBEPES (pH 7.3) and
supplemented tith 2rmM L-Zlutaznine, 100 units/al penicillin
i ug/ml strenteayein] wan perfunsed through the liver at the
“n e of 27 r \/ainute.

The livaer 'as then renoved from the aninal, teilmwed of
nxeceass fat and :onnective tisaue, and washed with ice~cold
a0l laZenase aolntion. The liver capaule wasz opaned at nusecous
soints, rad the cells vare cemnoved unint a stainleas atenl aieve,
‘hn eell: vore pooled, arnd a viakle ecll conat was perforaed
using the torpnan blue dye excluaion nethod. Caly cultures having
sare than 30 viable calls were accented for the rasa~r, Ore al
r2ll susonzions contalning 250,000 211 fere se led iato ,re-~
crnciitioned 35 nm tisusue culture platas co:tainin, 2 @l of cul-
tu'e me 'fum. Thus for the initi~l seeding of hepatocytes, cach
cu’ ture vensel contained a total of 3 ml of nedium. Cella were
se. led into culture vessels withuut a covar glass for the cyth-
to: icity test nnd with a cover glass for the UDS Assay. The
cn'ls were c2eded into nine replicate culture ressels per
t .atment levael for the UDS Assay; s3ix were us2d for evaluating
cs/totoxicity, and the remaining three uvere used for detormining
uascheduled DHA synthesis. Only two duplicate cultures per
treatnent wer. used in the Rang: Finding Teat.

Teat Cyasten Idontificetion

The teat cultures were labeled using a. indelible pen
wiih a co..a sydtem which clearly identified . :o expe.i.ent
her, t-at article, controls and concentrationa. The slides
¢ laheled similarly with pencil.

2enrpaca fon of Temt Article Dooing Scl:.tions

ar

‘zredigt. iy prior to use, Coppe. lioplhenate was weighed
~.d di'uted with scetone to the appropriate conccntrations.
Approx.iately 20-30 ninutes elapsed between the time the test
erticle waa solubilized and the final treatment of cells. All
test article nnd control treatments were done under UV-filtercd
lights to avoid possible problems of photoinactivation.

The stability of tha test srticle under th- experinmentzal
conditicns wan not determined by SITEK Research Laboratories.
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Range Finding Test

In order to determine the appropriat: test article concen-
trationa for the UDS Asaay, a Range Findi: 2 Test wes performed.
In the Range Findiag Test, ten concentrat >na of Cupper
Yapthenate .anzing from 500 u‘/ml to 0.05 ug/nl were evaluated.
Test article concentrationa oo 50 ug/ml and above formed
precipitates in the culture mediua and, therefore, exceeded the
golubility limitnting of the test article in *he cultnze wediua.
Duplicate test cultuces seadad approximat :ly . hours eavlier
tware used at each tr...tient level in the Range Finding Tas:.
Prior to treating tho ¢ :lls, the cultures ware wanhad and ra2fed
with 2 ml of WMER bLufferad with 0.014 HBPES (pH 7.3), aupple-
mented with 2mM L--_lut:aine, 120 units/ml penicillin and
100 ug/nl atrentenycin, L. posure waa iritiated hy adding 20 ul
of the approprictla =o' solution or solvant to the culture
platea. After on 1¢ h¢'.r oxposure perlod, the cells 4epre unzhoed
uith Car*-foen and M **-frrn: phosphate buffared aali. 2 (PRS),
dissociated with 0,257 Ltryro-in, and counted for the wLuuaber of
viable cella using the trypan blue dye exclusion mathod. The
average nurbar of viable cells for the replica*e cultures waa
determined, and Nalative Cell Survival (RCS) w. 3 calculated by
comparing ti:ated to solvent control groupa. Relative Toxicidy
was calculated by subtrncting RCS from 100%,

Unscheduled DIKA 3Iyntliesia \sagay

The test culturea for th?r UDS Aasay were pr~pared as des-
cribed earlier. Three rep'icate culturses vithou'. cover glasses
were used for the parallel . “otoxicity detecrmination, end
3ix replicete cultures with cover glacses were used for UDS
1easurenents ai each truantaent.,

In the UD3 Asaey, the cells were <reated witlh either 20,
15, 10, §.0, or 1.0 ug/ml of test article, 10 or 2.0 uy/ml of
2~AAT (posi ‘ve control) or 10 ul/ml o6f aAcetnne or ethunol
(solvent controla). In nddition, o2 untrea-ed control (WME)
wa3d included in *'ie UDS ‘“sgsay. The treat~ad cultures used for
neasuring UD3 we . also nxpoaed to 10 uCi,/al ¥i-thymidine
{specific activity 20 Ci/mil, N:w EBngland Nuclcar) for approxi-
mately 18 hours.

Following the exposure period, the parallel cytotoxicity
determination was performed as described in :the Range Fincing
Test. Relative cytotoxicity was based on RC3S. The cultures for
UDS measurement were washed three times in WMB buffered with
0.01M HEPES (pH 7.3), 2mM L-glutamine, 100 units/ml penicillin
snd 100 ug/ml streptomycin, suelled in 1% sodium citrate solu-
tion, and fixed in three 15-minute changes of methanol-glacial
acatic acid fix:ative. The cover gZlasses were removed, ~llowed
to dry, and mounted cell side up on glass alidea. The slides
were dipped in NTB emulaion at 43-45°C, and the emulsion vas
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allowed to drain and dry for 90 minutes at room temperature in
the dark. ‘he alides were then stored in a refrigerator in
Jighttight slide boxes with a desiccant. After 8 days, the
lidea were developed in Kodak D-19, fixed in Kodak fixer,
stained in hematoxylin utain, and mounted in Permount using #1
rover glaases,

The =slides wern acored "biind” in order to avoid bisa on
the part of the scover. The thres highest acorable teat article
concentrotions, the 2.9 1g/al positive control, the untreated
control, ead the solve it controls were codaed n+ior to ocoring.
"henaver nosaible, 30 candomly selected nuclei (cach with threae
background aounta) wera counted par culture. All grain counta
vare parformeal uaing on electronic colony counter (ARTEK 8§30)
cqui sped with 1 mic - nacnpe-mounted auxiliary television camera.
Cval e¢nunts “'erae ¢snae directly by using the "c~unt" mode of the
coloay counter. On'y nellas which ppeared nornal and healthy
were scorad for UDS. Cella showing o sevare cytotoxic effect,
i.e., cells wilh constricted, irregularly shaped or very darkly
atained nuclei, or cells having nuclei with a projected image of
leas than 4 om? were not scored.

Incorporation of -thymidine into nuclear DNA was t
determined by counting the darkened graing localized over the
nuclear area. The hackgrounl incorporation was determined by
counting at leaat three nuclaus-size areas of cytoplasm
a'jacent to cach nucleusa. The net nuclear graln counts were
d termined by subtracting the ave;age b ckground count from
the nuclear count. PFor each treatment, the average net nuclear
Lo3in count 4 3*andard deviation was calculated and recorded
.1 A guunary shea2t. The number of nu-lei showiig five or aore
n2t nucleas Jraia .ounta in each cover glasa woe also recorded.

In additon, 500 nucleil per culture were counted at random
to detormine the perc ntage of nuclei exhibiting S:Ph .ge LA
3*nthecis., .

CR TERIA TOR A VALID ASSAY

1. In the negativa control {untreated and solvent
cointrols), the ave,ag:» net nuclear grain count per cell sliould be
helow five and the percentage of cells with net nuclear grain
zounts of five or more should be less than 20%.

2. At least 30% of the cella scored in the positive con-
trol should show & net nuclear grain count of five or more and the.
average net nuclear grain count per cell should bte 20 ur amore.

3. At least one of the test concentrations scored sho:ld
show more than ' 5% reduction in RCS. This requirement should not
be applivd to test articles which do not show any apparent

13
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cytotoxicity at the maximum soluble concontration or highest
a) lowable concentration.

4., The neagative control(s) (untre .ted and 3clvent controls)
should exhibit at least 0.2% nuclei in replica.ive ONA aynthesis.

EVALUATICH OF TES( R3SULTS

Reaults for tLo test article concentrations ware conxidaced
gigalficant {f the avieage net nuclear grain count wnz incressed
by at least five 2prni counta over the concurrant solvant and/o
untreated controla o morae than 25% of the cells i1cored showed
tat neeleav grain count of five or more,

Ponitive ™ aponae

The .ez® astic) 1is cons‘dered to live cauzed a poiitive
regponse (n this aszazy if:

1. The teat avrticle causes a dose-related response and et
least one concentyation exhibita o sigaificant incroeaizs over {41
concu-rent sol' 'nt control. t

2. In the absnce of a dose response, at lerat tuc
successive conrcentraitions noxhibit a significaat increase over the
concurrent asolvent centrol data.

Martinal Poaitive T:nponse

The teat arti.le is consideied to hiave caused a zarginal
positive cepon 2 1f no indication of a positive dose response
is ubseeved, Lu'. one of tha test concentr.-.tions shows a
gsignificant positive response.

‘legative Reaponse

Tha ‘est artic': is considared to b. va causzed a nogative
reanonse if no inli tion of & positive « oncertrations veaspouse
is observed pag . non. of the test concent! 1tio: 3 show a signifi-
cant positive response.

Other Consideraticng

The sbove criteria are used a3 guidelines in evaluating
the teat results. However, the Jtudy Director may take other
factors into consideration in evaluatin:’ the test results.
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254,
314,
264,
334,
27h,
294,

aoe,
258,
318,
268,
338,
27B,
298,

3oc,
25C,
310,
280'
33¢C,
27C|
29¢C,
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30D,
25D,
11D,
26D,
13D,
27D,
29D,

30E,
258|
318,
26E,
33R,
278,
29R,

J0F
25F
317
26F
33F
21F
20F
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15 ug/ml :
-12.5 vg/ml
- 10.0 ug/ml

Acetone Control
2AAF, 10 ug/ml
Bthanol Control
WME Control
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Dealng

Under the conditions of the mouse lymphoma forward mutation assay,
nonactivated doses of copper rnaphthenate (10, 25, 50, and 75 ug/mL)
induced an equivocal mutagenic response.

In the presence of S9 activation, a clear, dose-related response
was seen at 20, 30, and 40 ug/mL; survival at these levels was 62%,
27%, and 7%, redpectively. Slight but less than twofold increases
were observed at lower Sg-activated doses (1.0, 2.5, 5.0, and 10.0
ug/nlL) . ‘ T .

We conclude, therefore, that S9-activated copper naphthenate is
mutagenic in this test system and that mutagenic activity is
confinad to a narrow range of reactive dosas that extends into the
cytotoxic range. However, the study is incomplete; no information
was provided on test material purity and- no analytical data to
support actual concentrations used in the assay were included.

study Classification: The study is currently unacceptable but can
be upgraded if the missing study information is furnished.

A. MATERIALS:
. t
1. Test Material: ' \
Name: Copper naphthenate
Description: Viscous, black liquid
Lot #: P-17453
Purity: _ Not specified
Contaminants: None ligted
Solvent used: Acetone
Other comments: The test material was stored at rocnm
temperature. The raw data indicated that 55.9 mg of the
test- material was moderately soluble in 0.8 to 1.2 mL of
acatone.

2. lng%gggg; Cells: The mouse lymphoma cell line, LS517B8Y
(TK*"), clone 3.7.2C, was obtained from Dr. Donald Clive,
Burroughs Wellcome, Research Triangle Park, NC. Stock
cultures were cryopreserved, and a sample was checked for
mycoplasma contamination. '

Cultures used in the assay were grown in Fischer's Mediun,
supplemented with sodium pyruvate, Pluronic F68, and horse
serum, and exposed to methotrexate to maintain a 1low
background frequency of trifluorothymidine (TFT)-resistant
cells,




‘3. 89 Fraction: The S9 fraction was derived from the livers
of adult male Sprague-Dawlay rats induced with Aroclor
1254. The 59 m. contained the appropriate cofactors and
25% 59 liver homcgenate.

4. Positive Controls: Ethylmethanesulfonate (EMS) at 0.5 and
1.0 4L/mL and 7,12-dimethylbenz(a)anthracene (DMBA) at 5.0
and 7.5 ug/mL were used as the nonactivated and S9-acti-
vated positive controls, respectively.

B. STUDY DESIGN: ' -

1. Prelimipary Cytotoxicity Assay: The preliminary cyto-
toxicity assay was performed with eight doses of the test
material ranging from 0.1 to 500 ug/mL in both the presence
and absence of S9 activation. Cells were exposed to the
teat material concentraticns or solvent (acetone) for
4 hours. Following exposure, cells were washed,
resugspended in fresh growth medium, and reincubated. Cell
viability was determined 20 and 44 hours posttreatment;
relative suspension growth (RSG) was calculated and used
to establish a dose range for the mutation assay.

2. Mutation Assay: Cells seeded at 1x10° cells/mL were
exposed to the appropriate test material dose, solvent, ot
positive controls with or without " S9 activation for
4 hours. Cells were washed, resuspended in growth mediunm,
and reincubated for 20 and 44 hours. Daily cell counts
werae determined, and cells were diluted when appropriate
to maintain an optimal growth rate. At the end of the
expression period, cultures having an RSG of 210% were
chosen for mutant selection.

For mutant selection, 1%10% cells were treated with 3 pg/mL
of TFT and plated in triplicate in selection medium. The
cloning efficiency (CE) was determined by plating 200
cells/plate (in triplicate) in cloning medium. After 10
to 12 days of incubation, TFT-resistant colonies and the
total number of viable cells were counted; mutation
frequencies (MFs) were calculated.

3. Evaluatjon Criteria:

a. Agsay Acceptability: For the assay to be considered

acceptable, the following criteria must be satisfied:
(1) the cloning efficiency (CE) of the solvent control
should be >50%; (2) the background MF of the solvent
control should be <100/10° cells; and (3) the MF for
the positive controls should be >3 times higher than
the solvent control.
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b. Positive Response:  The test. matarial was considered
positive if it induced a dose-related increase in MF
that was at least twofold higher than the corresponding
solvent control.

X o X1¢ ] 33ay: A raview of the raw data
indicated that the highest nohactivated and S$9-activated
dose (500 ug/mL) precipitated; no cells survived treatment
at this level. For the remaining nonactivated concentra-
tions, RSG was dose related and ranged from 26% at
100 ug/mL to 104% at 0.1 ug/mL. Cytotoxicity was more
severe in the presence of S9 activation; no cells ware
recovered at doses >50 ug/mL. Lower doses (0.1, 0.5, 1.0,
5.0, and 10 ug/mL) were relatively noncytotoxic. Based on
thaese results, the five nonactivated doses selected for the
mutation assay were 10, 25, 50, 75, and 100 pg/mL. Eight
dosas waere selacted for the S9-activated assay: 1.0, 2.5,
5.0, 10, 20, 30, 40, and 50 pg/mL.

Lal: Cultures exposed to the
highest dose (100 uq/mL) ware not ciloned because pf
savera cytotoxicity. RSG for the'remaining dose groups
ranged from 21% at 75 ug/mL to 95% at 10 ug/nl
(Table 1). Although MFs increased in a dose-~related
manner and the MF for the high dose (75 ug/mL) was
twofold higher than the corresponding solvent control,
total mutant colonies ware either comparable to or only
slightly higher than the background mutant colony
count. The study authors conclude that the non-
activated test material induced an equxvocal response

b. §9- Act;vated, Tegg__muggxigl Severe cytotoxzcxty
precluded the cloning of cells exposed to the high dose
(50 wug/mL). Survival for the remaining levels was
generally dose related and ranged from 7% at 40 ug/mL
to >93% at concentrations <10 pg/nL (Table 1l). Dose-
related increases in total mutant colonies and MFs were
seen over a concentration range of 10 to 40 ug/mL. The
MFs were 1.2~, 2.2-, 3.8-, and 6.8~fold higher than the
solvent control at 10, 20, 30, and 40 ug/mL,
respectively. Lower doses (1.0, 2.5, and 5.0 ug/mL)
induced slight but less than twofold increases in the
¥MF. Our reviewers noted that the highest mutagenic
effact was calculated for the 40-pg/mL dose level and




TABLE 1. Representative Results from the Mouse Lymphoma Forvard Nuut!on.hnn with Copper u‘upr;lh‘nnni

Relative Relative ireroae
Percant Average Average Percent Mytation  Quer
s9 Suspengion Mutant viable X Cloning  Total 'rmugncy' Sotvert®
Substance Doge/m.  Activation Growth Cotonies Colonles Efficiency Grouwth /710 Cantral
van N r
Acetone
{test material) .- . 100 42¢ 238° 119 100 35 .
. 100 52° 238° 129 100 ] .-
0imathylsul foxide
{positive contrel) . . 100 3 24° 122 100 L7 .
Acetona
(positive control) . . 100 $1¢ 262° 122 100 ¢
Pogitiy r d
Ethylmethane.
sul fonate 0.5 ul . (1) 300 73 38 14 800 .y
7,12-0imethylbenz-
(a)anthracene 5.0 ug . 3 197 206 103 42 71 .,?
1 L) ril
: t
Copper haphthenate 10 ug . 93 bl 245 . 123 98 2 ‘2
2% x9 . 93 (5 197 99 7 1Y 1,
%0 up . 33 (%4 169 84 38 H.) v
75 ug . 2 42 120 60 1" 70 2.
A0 up® . 93 57 248 123 88 Ixy ©2
20 g . 62 " 222 m 93 89 PN
30 ug . 27 143 188 9% 20 152 R
<0 up . 7 150 111 56 3 270 3.3
fuutation Frequency (HF) » _Average Mutant Colonmlas 200+
. - . vishle Colonies
Ptold tncrease = HE of the Test Dose .

MF of the Corresponding Sclvent fontrol
“Vatues averaged by our raviewers.

9tuo tevels of aach positive control were asssyed; results for the¢ lswer dose were selected as representative.

“Lower $9-activated dogses (1.3 2.5, and 5.0 ug/m.) frduced slight Sut (esz then twofold increases in the WF,
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-at this level <10% of the cells survived. - From these -
results, the study authors concluded that S9-activated
copper naphthenate was mutagenic in this test system.

Wae assaess that the study was properly conducted and that the
study authors'’ interpretations of tha data were correct. In
the nonactivated assay, copper naphthenate induced an equivocal
mutagenic effect; howaver, in the presence of S9 activation,
Cclear dose-related mutagenesis was demonstrated. The reported
mutagenic activity of copper naphthenate was confined to a
narrow dose range (20 to 49 ug/mL) that extended into the
cytotoxic range. Although we conclude, in agreement with the
study authors, that copper naphthenate is mutagenic in this
mammalian cell assay, the study is incomplete. No information
was provided on test material purity and no analytical data
were furnished to confirm actual test material concentrations
used Iin the assay. The study is, therefore, classified as
unacceptable but can be upgraded if the study authors can
provide the missing information.

QUALITY ASSURANCE MEASURES: A quality assurance statement whs
signed and dated August 19, 1988. )

F. CBI APPENDIX: Appendix A, Materials and Methods, CBI pp. 5-13.
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MATERIALS AND MBTHODS Sualhg

INDICATOR CELLS

Source

The L5178Y TK+/- Mouse Lymphoma cells, clone 3.7.2C
ware originally obtained from Dr. Donald Clive, Burroughs
Wallcome Company, Research Triangle Park, North Carolina,
on October 17, 1984, The cells were subcultured, cleansed of
TK-/~ cells, and cryopresaervad in a large number of ampulea for
L5178Y TK+/- Assays. The cells used for this study were from
lot number 102387. A sample of these cells was reconatituted,
tested for mycoplasma contamination, and found to be free of
wycoplagma.

ultuy Conditio

The L5178Y TK+/- Mouse Lymphoma cells were cultured in
Fi1eP (Fischer's Medium for Leukemic Cells of Mice supplemented
with Pluronic F68, sodium pyruvate and heat-inactivated horse
serun (10%)) in 50 ml disposable centrifuge tubes at 37 £1.0¢C ,
on & roller drum rotating at approximately 25 rpm. Each culture
was gassed with 5% CO; and 95% eir prior to placement on ths
roller drum. Each culture wao sampled daily to determine cell
concentrations, and if the cell concentrations were greater than
0.3x10* cells/ml, the cultures were adjusted to 0.3x10¢
cells/ml.

Stock Cultures

Stock cultures were grown in F;-P in T-75 plastic tiasue
culture flasks on a shaker rotating «t approximately 125 rpam.
The cultures were monitored and adjusted when necessary to
maintain them in log phase growth., For the Assay, aubcultures
were cleanged of TK-/= cells by exposure to THMG (thymidine,
hypoxanthine, methotrexate and glycine) for 24 hours and grown
in THG (THMG less methotrexate) for an additional 24 hours.

CONTROL SUBSTANCES

Positive Controls

Bthyl methanesulfonate (EMS), which induces mutation at
the TK locus without metabolic activation, was used at 1.0 and
0.5 ul/ml in the non-activated systea. The source and iot
number ¢f the EMS used in this study eare given below.

Sodrce: Kodak Lot No.: AlIE
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7,12-Dimethylbenz{alanthracene {DMBA), which causes
mutation at the TK locus with metabolic activation, was used
at 7.5 and 5.0 ug/ml in the activated syatem. The source and
1ot number of the DMBA used {n thia atudy are given balow.

Sourca: Kodalk Lot No.: C13A

olve Co
The test article dosing solutions were prepared by
dissolving the test article in acetone and performing 4 serial
dilution.

- The poaitive control substance, DMBA, also was dissolved in
acetona to make the stock solutiona. The source and purity of
the acetone batch used {n thiz atudy are given below:

Source: Fisher Scientific Co. Lot No.: 871653
CAS Registry Number: 67 64-1

Certificate of Actua) lot Analysis:
Appearance (clear, colorleas liquid)
Denaity (grams/ml) at 25¢C 0.785%2
Residue after evaporation 0.0002%
Color (APHA) 5
Water 0.5%

Dimethyl sulfoxide (DMSO) was used to dissolve the positive
control EMS. The source and purity of the DMSO batch used in
this study are given below!

Source: Fisher Scientific Co. Lot No.: 864016

cAS Registry Number: 67-68-5

Certificate of Actual Llo% Analvsis:
Appearance (clear, colorless liquid)

Pensity (grams/mi) at 25°C 1.095
Freczing point 18.0¢°C
Residue after evaporation 7.002%
Color (APHA) 10
Water 0.05%

TEST ARTICLE

The test article Copper Napthenate was received on
July 8, 1988, and stored at room temperature. The test
article an diluted in acetone to prepare the dosing solutions.
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BXPERIMBNTAL PROCEDURES

A solubility test was performed using deionized, distilled
water, DMSO, acetone and ethanol. Based on the results of the
golublility taest, acetone was salected for use in preparing the
dosing solutlons.

a ) ulture - - B

The L5178Y TK+/~ stock cultures were maintained in log
phase growth until used in the Assay. From the stock cultures
a pool of cella was prepared at a concentration of 1x10% caells/al
in 50% conditioned F,¢P and 50% fresh FeP, 6 ml of the cell
preparation wvag dispensed to 50 ml disposable centrifuge tubes
resulting in 6x10¢ cells/tube. Each tube was gmssed with:
5% CO: and 95% air, sealed, and placed on & shaker to keep tha
cells suspended until treasted. '

ara of ta vat

The metabolic activation system consiated of Aroclor-
induced rat liver hcocmogenate (S-9 fraction), and the cofactor
pool. The 8-9 fraction waas prepared in 0.25H sucrose from
Aroclor 1254-induced male Spragua-Dawley ratsa.

t

Approximataely 1 gram of rat liver was used to make 3 ml of
Yufferaed S$S-9 fraction. Ipbmediately prior to treatament, the 5-93
“raction was mixed with the cofactor pool to obtain the S-~9
.ofactor mixture which was kept in wet ice until used. The $-93
cofactor mixtura was prepared in the following proportion per
ml of $-9 mix.

6.0 mg NADP

11.25 ng DL-Isocitric Acid
0.25 ml S-9 Hemogenate
0.75 ml FoP

The 3-9 homogenate was added after the other components
had been combined, mixed, the pH adjusted to approximately
6.8, and filter sterilized through a 0.45 uM filter.

Test System I tificatio

All test culturesg were labeled with &an indelible pen with
a code system vhich clearly identified the experiment number,
activation syatem, test article, controls and concentrstions.
-0
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An eliquot of the test article was weighad out, and a fixed
volume of acetone was added to obtain the desired test article
concentration. A serial dilution waa performed using acetone to
prepare the remaining dosing solutions.

The stability of the tast article under the expaerimasntal
conditions was not datermined by SITEK Research Laboratories.

Range Finding Test

In order to datermine the test article concentrations that
would produce 0-100% cytotoxicity, a Range Finding Test wns
performed. The test article was tested with and without §-9
activation at concentrationas of 500, 100, 50, 10, 5.0, 1.0, 0.5
and 0.1 ug/ml. A suspension of fine particles waa observed
in the cultures that were treated with a concentration of
500 ug/ml,

Treatnent was performed by adding 4 =1 of FoP or 4 ml of
$-9 mix to the culture and then adding the sppropriate volume
of tost article/vehicle mixture. T7Two control cultures were ru
sisultanaously with the treated cultures. ,The cultures were
gassad with approximately 5% CO; and 95X air and incubated at
37+C on a roller drum apparatus rotating st 25 +2 rpm.

After a 4-hour exposure period, the cells were pelleted by
centrifuging them at nrpproximately 1000 rpm for 10 minutes, and
the test article was removed by pouring off the supernatant. Tuwo
rinses in 10 ml of F,:P were performed, after which the calls were
regsuspended in 20 ml of F,oP, gassed with approximately 5% CO,; and
95% air, and incubated at 37°C on & roller drum rotating at
25 #2 rpm. At approximately 20 hours and 44 hours. post treatment,
1 ml samples were removed from each culture to deteramine the call
population density of each. The 1 =l sample was placed in a vial
containing 19 ml of 0.1% trypsin. The vials were incubated for
10 minutes at 37¢C, after which they were placed on an automatic
cell counter. Three counts were macde, and the average count,
corrected for coincidence, was used to determine the concentration
of cells per.ml for each culture. After the determination of cell .
numbers at 20 hours post treatment, each culture having greater
than 0.3x10% cella/wl wvas adjusted to 0.3x10¢ cells/nal.

This wes performed by retaining the volume of culture that
would resu t in a final concentration of 0.3x10¢ cells/ml when
fresh medium wes added to it to yleld a combined final volume

of 20 ml. .

|
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The Suspension Growth (SG) of each culture wes determined
using the following formula:

SG = Day 1 Congc. x Day 2 Cell Congc.
0.3x10¢ Cells/ml Day 1 Adjusted Cell Conc.

The Relative Suspension Growth (RSG) of each of the test
article-treated cultures waas determined by calculating {ts
growth relative to the corresponding solvent control cultures'
average SG.

RSG = SG of Treated Culture x 100
Average SC of Solvent Controls

Based on the reazults of the Range Finding Test, the test
article was teated in the Assay at doses ranging from 175 to
10 ug/ml in the non-activated syatem and from 50 to 1.0 ug/ml
in the presence of S-9 activation mix.

Mutation Assay

Tha teat article was solubilized and a serial dilution wag
performed as previously described. Cultures containing 6 ml of
cells at a ‘concentration of 1x10¢ cells/ml were preparad. Thesé
cultures contained 50% conditioned F,oP (supernatant from the
stock culturea) and 50% fresh FoP. Immediately prior to adding
the appropriate aliquots of the test article dosing solution,

4 ml of either FoP medium or 4 ml of S~9 mix was added to each
culture depending on whether or not it wag to be treated in
conjunition with the exogenous metabolic activation system.
Inandiately after addition of the test article, tha culture was
gassad with approximately 5% CO: and 95% air. After all of the
cultures had been troated, they were p'iaced ¢n a roller drum
a,.paratus and rotated at a speed of .25 +2 rpa in an. environment
of 37¢C. Two solvent control cultures were included in each
treataent group, if.e., with activetion and without activation,
‘n d¢ldition, two seta of cultures ‘ere treated with positive
ontrol cheraicals. As indicated earlier, EM3 was the poiitive
control chiaical for the non-activated portion of the As ay, and
SM™\ was the positive control r~hemical for the 8-9 activated
po. .ion of the-.Assay.

After a 4-hour exposure period, the cells were pelleted by
cen.rifugation at approximately 1000 rpm for 10 minutes, and the
teat article waa removed by pouring off the supernatant. Two
rinses in 10 ml of F,oP were performed. The final rinse was
followed by resuspension in 20 ml F;.P, gassing with approxi-
mately 5% CO; and 95% air, and incubation at 37¢C on a roller
drum apparatus set at 25 +2 rpm. Approximately 20‘'hours and
14 hour1 post treatment, 1 ml samples were removed from each

|
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culture to determine the cell population density of each., The

1 ml sample was placed in a vial containing 18 ml of 0.1%
trypsin. The vials were incubated for 10 minutes at 37¢C, after
which they were placed on an automatic cell counter. Three

. counts were made, and the average count, corrected for coinci-
dence, was used to determine the concentration of celle per ml
for each culture. After the determination of cell numbers, each
culturs having a population greater than 0.3x10¢ cells/ml was
adjusted to 0.3xi0? cells/ml. At the 20-hour point the final
volume after adjustment was 20 m]. For the 44-hour point the
final volume was 10 ml.

Cloning for Mutants and Viakility

After the 2-day expression period, cultures were selected
for cloning based cn their SG. Only cultures having a Relative
Suspension Growth of approximately 10% or greater were cloned.

For each culture selected for cloning, 200 ml of cloning
medium (CM) was prepared. The CM was made by combining the
following ingredieats in the indicated proportiong f>r each
100 ml of CHM.

FoP 70.75 ml
Horse Serum : 20.0 ml
Sodium Pyruvate (Stock) 0.05 ml
Purified Agar (4% Solution) 8.75 ml

For each culture szelected for cloning, 100 ml of CM was
digpansed into a flask designated for the addition of the
restrictive agent triflucrothymidine (TFT) and therefore tue
growth of TK-/- cells only, and 100 ml was dispensed into a
flask designated 23 a Viable Count (VC) flask. The CM in the
VC flask was used to cul ;ure an aliquot of cells from esach
culture cloned to approximate the percentage of viable cells in
each culture. ’

Th= cloning process was as follows:

1. Each TFT and VC flask received 100 ml of CM and each
was placed im m shaker incubator set at approximately 125 rpa
and 37°¢C..

2. The cultures designated for cloning were centrifuged
at a speed of approximately 1000 rpm for 10 minutes. 8 ml of
the supernatant was aspirated and discarded. The cells were
resuspended in the remaining volume of supernatant and then
added to the appropriate TFT flask. Each TFT flagk contained
3x10¢ cplla. Each flask was replaced on the shaker incubator
(125 rp%, 37¢C).

|
\ " lo- . . , 95



Study No. 0088-2400

G 1548

3. After each TFT flask had shaken for at least 15 minutes,
a 1 ml aliquot was removed from each, a 1:10 and 1:5 serial
dilution was perforazed, and a 1 ml aliquot of the last dilution
was added to tne appropriate VC flask. Each VC flask contained
approximately 600 cells.

4. After the completion of c21)l addition to each VC
flask, an alizuot of TFT was added to each TFT flask. The
ceoncentration of TFT in the culture was approximately 3 ug/ml.
Both TFT and VC flasks were replaced on the shaker incubator
(125 +2 cpm, 37°C).

5. After at l=a3t 15 minutes of mixing, the contents of
each flask were digpensed in equal aliquots into three plates,
The plates were chilled for 20 minutes in a 4°C environment
and then placed in on incubator at 379C in an atmosphere of
approximately 5% CO; aad $3% air for 10-12 days.

Bnumeration of Coulonies

After completion of the incubation period, the number of
colonies per TFT and VC plate was determined. The colony
numbers were determined by counting them with an automatic t
colony counter. The raw counts were increased by a correction .
factor determined for SITEK's colony counter {(#000027). The
correction factor is:

Corrected Counts = (Raw Count ~ 0.6499)
0.8423

Determination of Mutant Frequency and Induced Mutant
Frequency :

The Mutant Frequency (MF) of 2ach culture that was
successfully cloned was determined as a function of viable
cells forming colonies. The calculation was performed as
follows:

Average No. Mutants

MF Per 10% Viable Cells = Per Plate x 200
- Average No. of Colonies
in the Corresponding
VC Plates

The Induced Mutant Frequency (IMF) was calculated by
using the following formula:

IMF = MF of Treated Cultures - Average MF of Solvent
\ Control Cultures

|
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Determination of Relative Suspensjon Growth, Relative
Cloning Bfficiercy and Total Growth

Relative Suspension Growth

The £ and (“Jd of each culture waa determined by
performing the calculations described earlier.

Relative Cloning Efficiency

The Relative Cloning Etficiency (RCR) was determined for
each culture by using the following formula:

Average VC Count

RCE = of Treated Culture x 100
Average VC Count
of Solvent Controls

Total Growth

The Total Growth (TG) of a culture was calculated as
follows:

TG = RSG x RCE
100

The TG was calculated for each test article-treated
culture that was successfully cloned.

Criteria For a Valid Assay

The following criteria were used in evaluating the
acceptability of the Assay.

Solvent Control Cultures

1. The avernge Cloning Efficiency of the solvent
control culturesa should be 50% or higher.

2. The average MF of the sol?ent control cultures
should be legs” than 100 per 1C* viabie cells.

Pogitive Controls

The results for the positive control cultures should be
considered acceptable if:

1. The treated cultures have MF's that are three tinmes
or gre~ter than the average of their solvent control cultures.
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2. Their solvent cuntrols have an average Cloning
Efficiency of 50% or greater.

Evaluation of Test Results

The following criteria were used as guidelines in
evaluating the results of the Assay for a negative, positive
or equivocal response. Since it is impossible to write
criteria that would apply to every configuration of data
generated by the Assay, the Study Director is responsible for
the ultimate decision in the evaluation of the results.

Criteria for a Negative Response

1. All of the cultures exhibiting TG of 10% and
¢reater have MF's that are less than twice that of the mean
MF of the corresponding solvent contrel cultures, and

2. There is no evidence of a dose-dependent respcnse,

Criteria for a Pogitive Response

A response is considered positive if at least one
culture has an MF that is two times or more greater than the 3
average MF of the corresponding solvent control cultures and
the response is dose dependent.

Criteria for an Equivocal Responge

A response is ccnsidered equivocal if it does not
fulfill the criteria of either a negative or a poaitiva
response, and/or the Study Director does not consider the
response to be either positive or negative.

ARCHIVES

All rew date, information pertinent to this study and
study report(s) will bhe maintained in SITEK Research
Laboratories archives.
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CHEMICAL: Copper naphthenate.

STUDY TYPE: Mutagenicity--Salmonella typhimurjium mammalian
microsome mutagenicity assay.

ACCESSION NUMBER: 411407-03.

TEST MATERIAL: Copper naphthenate.

SYNONYMS/CAS NO. None listed.

SPONSOR: U.S. Army Environmental Hygien2 Agency, Aberdeen. Proving
Ground, MD.

TESTING FACILITY: Toxicon Corp., Woburn, MA.

TITLE OF REPORT: Ames Bacterial/Microsomal Plate Incorporation
Assay.

AUTHOR(S): Desai, L. S.

STUDY NUMBER: 88G-0096.

REPORT ISSUED: June 4, 1988.

CONCLUSION(S)/Exerutive Summary: Five concentrations of copper
naphthenate (50 to 500 ug/plate) were evaluated in the Salmonella
typhimurium mammalian microsome mutagenicity assay. Preliminary
cytotoxicity results indicated that doses >500 ug/plate were
cytotoxic (®=50% reduction in survival) in S. typhimurium TAl00.
Results of the mutation assay indicated that the five assayed
levels (+/-59) were neither cytotoxic nor mutagenic in s.
typhimurium TA1535, TA1537, TA1538, TA98, or TAl00. We conclude,
therefore, that copper naphthenate was assayed to a subcytotoxic
level with no evidence of a mutagenic effect. The study is,
however, incomplete; no information on test material purity nor
analytical data to support actual test material concentrations used
in the assay were reported.




Study Classification: The study is currently unacceptable but can
be upgraded if the identified missing information is furnished by
the study author.

A.

1.

MATERIALS:

Test Material: -
Name: Copper naphthenate

Description: Black, semisolid

Lot No.: F-17453

Purity: Not specified

Contaminants: None listed

Solvent used: Dimethylsulfoxide (DMSO).

Other comments: The test material was stored at room temperature;
the report indicated that the test nmaterial,
dissolved in DMSO, was green in color.

Control Materials:

Negative: DMSO

Solvent/final concentration: 15 to 150 ug/plate

Positive: Nonactivation:
Sodium azide _10 pg/plate TA100, TA1535
2-Nitrofluorene _10 pug/plate TAS8, TAl1538
9-Aminoacridine _50 pug/plate TA1537

Activation: . :
2-Aminoanthracene _2.5 pug/plate all strains.

Activation: S9 derived from

X Aroclor 1254 X induced X rat X liver
_ phenobarbital noninduced mouse lung
none hamster __ cther
other other

If other, descr.be below. Describe S9 composition (if purchased,
give details). The S9 fraction (lot No. R356) was obtained f(rzrm
Microbioclogical Associates, Rockville, MD. The S9 mix céntaired
the appropriate cofactors and 10% S9 liver homogenate.

Test Organism Used: S. typhimurium strains
TA97 X TA98 X TA100 TA102 TALQS

X TA1535 X TA1537 X TA1538; list any others:

Test organisms were properly maintained: Yes.
Checked for appropriate genetic markers (rfa mutation,
R factor): Yes.

102



5.

GLJQ‘ff}G

Test Compound Concentrations Used:

a.

Cytotoxicity Assay: Five doses of the test material
(500, 1000, 2000, 3000, and 5000 pg/plate) were evaluated
in the nonactivated cytotoxicity assay with
S. typhimurjum strain TA100. :

Mutation Assays: The five doses selected for the
nonactivated and S9-activated mutation assay were 50,
100, 200, 300, and 500 pg/plate.

PERFORMANCE:

Type of Salmoneila Assay: X Standard plate test
Pre-incubation (___ ) minutes
"Prival"” modification

Spot test

Other (describe).

Preliminary Cytotoxicity Assavy: The nonactivated
preliminary cytotoxicity assay was conducted with five
doses of the test material ranging from 500 to 5000
pg/plate using S. typhimurium TA100: duplicate plated
were prepared for each dose level. The test material
caused =50% or greater reduction in mutant colonies of
TA100 at doses 2>1000 pg/plate; the lowest assayed dose
(500 ug/plate) was not cytotoxic.

Mutagenicity Assay: Based on the above findings, five
doses ranging from 50 to 500 pg/plate were assayed in the
presence and absence of S$9 activation. The nonactivated
or S9-activated test material was not cytotoxic at any
assayed level (Table 1). No appreciable increase in
mutant colonies of any strain accompanied exposure to the
five selected doses of copper naphthenate either in the
presence or absence of S9 activation. It was noted,
however, that the S9-activated solvent control counts for
S. typhimurium TA1537, TA98, and TAl00 were elevated but
within the acceptable spontaneous-revertant ranges for
these~ strains. Results for the nonactivated and S9-
activated positive-control cultures showed that the
sensitivity of the test system to detect a mutagenic
response was adequately demonstrated.

The study author concluded that copper naphthenate was
net mutagenic in this test system.
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TASLE 1. Representative Results of the Salmonella typhimurium Mutaz:nicity Assay witn

Copper Naphthenate

s9 Revertants per Plate of Bacterial Tester
Acti- Dose straiz®
Substance vation (ug/plate) TA1535 TA1537 TA1538 TA98 TA100
Solvent Control -
bin\ethyl
sulfoxide - -- 27 ¢ 2.1 17 £ 0.2 28 ¢ 2.6 68 ¢ 3.1 200 ¢ 9.7
+ .- 32+ 1.5 25 ¢ 4.6 33 2 2.5 72 ¢ 3.0 229 : 3.1
Positive Control
Sodium azide . 10 278 1 19.1 - .- -~ 6136
2-Nitro- - 10 -- - 313 £ 17.1 1050 ¢ 53.6 --
fluorere
9-Aminoacridine - 50 -- 227 2 0.2 -- .- --
2-Anthramine + 2.5 257 ¢ 2.1 215 ¢ 5.0 509 ¢ 8.5 563 + 6.4 B9 ¢t 4.5
Test Material
Copper naphthenate - 500b 312 1.5 20 ¢ 6.0 28 ¢ 4.5 57 £+ 3.8 208t 6.4

+ 500 27 ¢+ 3.2 26 £ 2.6 37 ¢ 2.0 68 ¢ 3.2 252+ 11.0

O4esns and stardard deviations of counts from triplicate plates.

bResults for lower doses (50, 100, 200, and 300 ug/plate +/-59) did not suggest a mutagenic response.
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Reviewers’ Discussion/Conclusions: We assess that the
study was properly conducted and that the author’s
interpretation of the data was correct. None of the

assayed doses of the test material were cytotoxic or
mutagenic in either the nonactivated or S9-activated test.
Based on the finding of the preliminary assay showing that
doses >500 ug/plate were cytotoxic, we conclude that copper
naphthenate was assayed to a subcytotoxic dose with no
indication of a mutagenic response. However, the study is
incomplete because the purity of the test material was not
reported and analytical data to support actual test
concentrations used in the assay were not provided.

Quality Assurance Measures: A quality assurance statement
was signed and dated June 4, 1988.

CBI Aégendig: Appendix A, Materials and Methods, CBI pp.
1-5.
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ANES BACTERIAL/HICROSOMAL PLATE INCORPORATION ASIAY

1.0 OBJEZTIVE
This assay eveluates the mutagenic potentiat of 2 test articls vig 1tz

abitity to \induce back nmutations at selected loci of five straln of 411407-C 3

Saimonalis tyohlsuriya tn the pressnce and sdsence of an exogenous mamrmzlian

sctivation systea.

2.0 SUMMAR?Y

The results ot the Asas Plate Incorporation Assay 'idlicate that under the
conditions specifled In this raport, the test art! .8, Copper Naphthenate,
did not cause e positive fincraase in the nuzber of histidine revertant
colontas ard s considered non-autsgenic.

3.0 HANAGEMENT OF THE STUOY

3.1 Sponsor
Name and Address: U.S. Armay Environmenta! Hyglsene Agency
8ultlding E-2100
_Abardaen Proving Ground, KO 21010-5422

Project Offlicer: Leroy Hetker

3.2 Testing Laberatory Taxikon Corporatiun
225 Wildwood Avenue
Woburn, NA 0180°

.

3.3 Toxikon Corporation's Supsrvisory Personnesl Assigned %o the Study:

Study Oirector: (axman S. Desal, 0.Sc.
Study Superviscr: Asha Raghupathy, M.S5.
Quality Assurance: Nancy D01Giulio, B.S.

L.0Q CCHPLIANCE

The prasent study conformed to all applicable laws and regulations,
Specific regulatory requirements Include EPA Goad Laborazory Practice
Requiatians (GLP, 40 CFR, Part 792, 1983). The study raefarence is thae TSCA
Final Rules, 40 CFP, Part 798, Subpart F, 194S.

5.7 TEST SUBSTAANCE

The following Inforsation should be suppiied by the Sporsor wherever
applicable; 1t doss aot apply to confidential information. The Sponsor is
responsible for atl test articla charscterization data as specified {a 40
CFR, Part 792, Part 1983,

Oescription of the Test Substance: Copper Kaphthenats
Chemical/Common/Trada Namg: H/A

Holaculer formula: H/A

Composition/Purily: K/A

Physical State: Sami-Solid

Color: Black when solid, green when dissolved in DHSQ
Oensity: H/A

pH: H/A

-
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Specific Gravity: K/A . '
Stability: H/A R ‘ -
Solubility: Dissolves in OHSO :
Mygroscoplc Properties: N/A

Boliling Polnt: N/A

Flash Polint: K/A

Lot/Batch #: P=17453

Quantity: 148 Grsas

Source: Army-USAAPGISA

Safety Precautlions: Standard Laboratory Safety Precautions Apply

5.1 The test article was storad st room temperatuyre end I1n the ssme
contalner in which 1t was received at Toxiken,

6.0 THE TEST SYSTEX

The tester strains used wero the Salmoneila typhimuriuym histidine auxotrophs
TA98, TA100, TA1535, TA1537, and TA1538 as dascribed by Ames et al, 1975.
Testar strains currently in use at Toxikon were received directly from Or.
Bruce Ames, Dopartsmant of Bliochemistry, University of California, Berkeley.

GENQTYPE OF THE TA STRAINS USED FOR MUTAGEN TESTING

Strain Gena Affected Repalr LPS Rfactor Mutation
TA98 His O uvr B rfa pkMi1Q1 fraze shift
TA100 Kis 6 yvr 8 rfa pkM101 base pair
TA1535 His G yvr B8 rfa ) - bass pair
TA1517 His € uvr B rfa - . frame shift
TA1538 Kis O uvr o rfa - frams shift

€ach of the testar strains contain, iIn sddition to & mutation in the
histidine operon, two additional mutations which enhance their sensitivity
{2 some mutagenic compounds. The rfa wall mutation induces 2 loss of an
entyme responsible for the synthesis of part of the lipopolysaccharide layer
of the cell wall, thereby increasing the permeability of the cell to certain
classes of chemicals (e.g9. those containing large ring moieties) that would
otharwise be axcluded by a normal Intact cell wall.

The second mutation is a deletion in the yvr3 gene which results in a
deficiant ONA repair system. This daficiency enhancas the sansitivity of the
stralns to scas mutagens., Since the yvry deletion extends through the blo
gena, all the tester strains containing this deletion aiso require biotin
for growth. Tha second autation is a deletion in the yvr8 gene which results
in a deficient ONA repalr system. - This defliciency enhances the sensitivity
of the straing to sode mutagens, Since the uvrB deletion extends through the
bio gene, all of the toster strains containing this deletion also rajuire
biotin for growth.

Finally, strains TA98 and TAI00 also contain ths pr®iO1 plasmid f(carrying
the R factor) which furthaer increases the sensitivity of these two strains
to some mutagens,

TA98, TA1537, and TA1538 are roevaerted (rom histidinse dependence
{suxoatrophy)] to histidine Independence (protrophy) by (raae shift
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Anutntlons. fkioo and TA153S are reverted by sutsgens that cause base-palr
substitutions, . : - .

6.1 Maintenance of Jeater Sgrains

Indicator strains were kept at 4° ¢ on minizal medium ptates supplemented
with blotin, histidine, and amplcillin (25 ug/ml) for TA-98 and TA-100, %o
ensure stable malntenance of plesnid pKH101. MNew stock culture plates were
nade as nceded from the frozen stock. Single colony relsolates were checked
for thelir genotyplc characteristics (his, rfa, uveS, bio) and for the
presance of the plasaid, tT

7.0 HEOIA
for dailly use, each strain wes cultured in-0Oxold #2 S8Sroth (nutrient broth)
for approxiamately 14 hours at 37% for a final concentration of 10° to 10
cells/ml.

The minimal medie plates for the sslection of histidine revertants consisted
of the Vogel Bonner Hedium £ supplemented with 2% glucose and 1.5% Scott
bactsagar. The overlay agar contained the following per 100 ml volume: 0.5
srams of purified agar, 10 ®l of 0.5aM L-Histidine, 0.SaM Blotin and 0.5
grams MNacl,

8.0 ACTIVATION SYSTEM

Thae SS9 homogenate was obtained coammerclially and used as the activation
systea. The 9000 x ¢ supernatant was prepared froa adult male rat Lliver
induced by Aroclor 1254, The S? mix contained the following components.

Components Concentration per ml $9 HMix
NADP (sodium salt) & umoles
D-Glucose-~é-phosphate 5 umoles

Mg:lz 8 umoles

KClL 33 uaooles

Sodium Phosphate 100 umoles

Rat Liver Homogenate 100 yliters

9.0 EXPERIMENTAL DESIGH

9.1 Oosage Selection

Joses for the actual assay were 3elected based on the prelizinary toxicity
tast with the strain YA-100, For the actual assay, doses were salacied with
the highest dose exhibliting ¢ 90 parcent toxicity. The assay was run in

triplicats in the presence and absance of metabolic activation.

9.2 Plate Incarporation Test
To starile tast tubds placed in a 43-45%°C waterbath, the following wara
added in order:

a. 2.0 al of ovarlay agar

9. 0.015-0.150 al of the tast =atorial to yield the appropriats dose
c. 0.1 al to 0.2 al of indicator organisa

d. 6.50 al of 0.2H phcsphate buffaer, pH 7.4

The mixture was gently mixed and poured.on the minimal agar plates. After

the overlay had set, the plates were incubated at 37% 2+ 2°¢ for

Oio158

1

G

-
-

I T I e et a L LT P T L ettt it S AN Y

-
e



approxl-.tolv 48-72 hours. The puaber o! hlso rovortnnt colonies growing on
the plates wera counted and recorded. -

Activation
The activation assay was run concurraently with the non-activgtion assay. The

only differsnce waa tho addition of approximataly 0.5 @l of the $9 fraction
in place of the phosphatae buffaer,

Control Compounds

a. Hegative Cantrol- The golvent for tne test materiei wag testeg ac¢ che
single concentration equal to the saxleum voluse used to administer the
highest dose of the test material. The golvent control was employed for eath
indicator strain and was used in the absence and presence of the 39 aix. All
dilutions of the test article were made using this solvent.

b. Positive Control = Strain specific positive controls and positive
controls to ensure the efflcacy of the $Y amixture were asssayed concurrently
with the test meterial, The positive controls utilized in the assay wsre:

Activation Cheatcal Solvent Concentration Strain
- Sodium aride Yatsr 10 ug/plate TA-1535, TA-100
- e-Hitrofluorenes 0NSO 10 ug/plate TA-1538, TA-98
- 9-Aminoacriding €thanol 50 ug/plate TA-1537
+ ¢-Azrino-anthracene  DOM3O 2.5 ug/plate All Strains

10.0 EVALUATION CRITERIA

No statistical a3nalysis was used tn avaluating the datas. The plote tast data
of direct ravartant colony counts was obtained from a sat of, selective agar
plates sesced with populations of autant cells. Because of the test material
and the cells are fincubated in the overlay for 48 hours and thara s sonme
cell division, stpontaneous reveriant control plate roadlngs are also taken
fnto account in the final analysis of the data.

a. Evaluation
Because most of the procedures uvsed to evaluate the mutagenicity of this

test are semiquantitative, the criteria used to determine the positive
affects of & test eaterial are dased on historical data. The test results
ars iaterpreted based on the following critaria.

{. Straias TA-1535, TA-1533, TA-1537
If the solvent contro! value s within the normal range, a test
material producing a8 pasitive response equal to thrae timas the silv:in:
control value i3 considared sutagenic,

2. strains TA-98 and TA-100

If the solvent control vialue I3 within the normal range, the H S
materiel producing a positive dose response over three concentratio.s,
with the highest lncrease equal to twice the solvent coatrol value 1s
considered mutagenic. Occasionally, a doubling s nat necsssary for
TA-100 {f a clear dose-related pattern i3 observad over saveral

concentrations.

-

The following rangas of revartants for solvent controls are ganerally
considered accsptablae:
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TA-1538 10-35
TA-1335 8-30
TA=1537  &-30
JA-98 20-T5
TA-100 80-250

b. Dose Raspongse Phenomena

The dasmonstratiaon of dosa-related increases in revertant counts s an
faporzant sritacticon Yo astablizhing autagenicity. Since several doses were
utilized in the actual assay, 2 daoss response would normally be seen with a
aytagenic test material, Additional testing would be performed over a
narrower dose range {If the mutagenic test mataerial fallaed to exhibit s dose-
rasponse in the initial assay,

¢. Reproducibitity
If a test matorial produces a response in a single test which cannot be

reproduced in additisnal runs, the initial positive test data lose
significance. )

d. Control Tests )

Positive control assays consisted of direct-zcting mutagens and mutagens
requiring metsholic biotransformation. HNegative controls consistad of the
test material solvent in the overlay agar, together with other essential
companants. The nagative control plates for each strain gives a raferencs
point to which the test date were comparsd. The positive control essay was
conducted to demonstrate that the tesZ system was functional with known

nautagens,

11.0 RESULTS
The test article , Copper Nsphthenate (USAAPGISA), was dissolved in DKSO. The

dose -finding study (Table 1) iIndicated that the test article was toxic at

dosaes (-5 mg/plate whereas the 0.5 mg/plata showed no toxicity. @Based on
these results the actual assay consisted of § different doses ranging from
0.05 mg to 0.5 mg/plate of tast articls.

The assay also included spartaneous revertants, positive control, and =&
vehicle control wihich secrved 23 the nagative coatrol. The control
experiments indicatad scceptadble cesults demonstrating the validity of tha
test. The tast article at the doses tested exhibited sizilar results to
vahicle control therefore, the test article is considered non-autagenic
sccording to the procedure employed in this assay.

12.0 REFERENCES
40 CFR, Part 798, Subpart F, Section 798.5265, 198S.

15.0 VERIFICATIOM DATA

Date of Sample: 04/12/88

Dato of Test Initiation: 05/09/88
Date of Test Completion: 05/16/88
Oata of Study Report: 05/17/88
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DATA EVALUATION RECORD

CHEMICAIL: Copper naphthenate.

STUDY TYPE: Mutagenicity--In vitro chromosome assay in Chinese
hamster ovary (CHO) cells.

MRID NUMBER: 411407-04.

TEST MATERIAL: Copper naphthenate.
SYNOKYM: None listed.

. . , ¢
SPONSOR: U.S. Army Environmental Hygiene Agency, Aberdeen Proving
Ground, MD/Toxikon Corp., Woburn, MA.

TESTING FACILITY: SITEK Research Laboratories, Rockville, MD.

TITLE OF REPORT: Test for Chemical Induction of Chromosomal
Aberration in Cultured Chinese Hamster Ovary (CHO) Cells With and
Without Metabolic Activation.

AUTHOR: Thilagar, A.

.-

STUDY NUMBER: 0088-3110.

REPORT ISSUED: September 15, 1988.
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CONCLUSIONS/Executive Summary:

Three nonactivated (100, 125, and 150 ug/mL) and three S9-activated
(45, 60, and 75 ug/mL) doses of copper naphthenate were evaluated
for cytogenetic effects in Chinese hamster ovary (CHO) cells.

The nonactivated doses were not clastogenic. Although nonsignifi-
cant increases in the percentage of cells with aberrations were
seen at the three S9-activated doses, borderline significant (p =
0.063) effects were observed at the mid-dose level. Similarly,
rare complex aberrations (dicentrics, triradials, and quadrira-
dials) were scored from cultures exposed to all S9-activated
levels. The data indicate weak clastogenic activity; however, we
are unable to reach definitive conclusions because the effect was
not dose dependent and the results were not confirmed. In
addition, the purity of the test material was not reported, and no
analytical data were provided to verify the actual concentrations
used in the assay. Copper naphthenate is, therefore, classified
as presumptively positive in this test system.

Study Classification: The lack of a definitive result and the lack
of complete information on the test material makes this study
unacceptable. The study should be repeated to determine if these
findings are reproducible. We further recommend that the missin
test material information be submitted with the findings of the
repeat study.

A. MATERIALS:

1. Test Material:

Name: Copper naphthenate
Description: Black, viscous liquid
Batch No.: P-17453

Purity: Not reported

Contaminants: None listed

Solvent Used: Acetone

Other comments: The test material was stored at room
temperature; solutions of the test material were prepared
immediately prior to use. According to the raw- data,
27.4 mg-of the test material was "soluble in 0.1 mL of
acetone and doses >250 ug/mL precipitated in the culture
medium.®

2. Cell Line: The Chinese hamster ovary cells (CHO-K;) used
in this assay were obtained from the American Type Culture
Collection, Rockville, MD. Prior to use, the CHO cells
were grown for 18 to 24 hours in Ham’s F-12 medium supple-
mented with 10% fetal calf serum, L-glutamine, and
antibiotics.

1
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3. 89 Fraction: The 89 fraction was derived from the livers
of adult male Sprague-Dawley rats induced with Aroclor
1254, The S9 mix contained the appropriate cofactors and
15 pL/mL of the 89 fraction.

4. Pogitive Controls: Triethylenemelamine (TEM) at 0.5 pg/mL
was used as the nonactivated positive control; cyclo-

phosphamide (CP) at 30 pug/mL served as the S9-activated
positive control.

STUDY DESIGN:

1. Erelimigg;y Cytotoxicity Assay: Prepared cultures, seeded

at 5x10° cells/flask, were exposed without S9 activation
to 9 test material doses (1.0 to 1000 ug/mL) and with S9
activation to 10 doses (0.5 to 500 ug/mL); untreated and
solvent control cultures were included, and duplicate
cultures were prepared for each treatment group. In the
nonactivated system, cells were exposed for 16 hours to the
test material, washed, trypsinized, and counted ta
determine surviwval. In the S9-activated system, cultures
were treated for 2 hours, washed, refed, and reincubated
for 14 hours. After incubation, cells were washed
trypsinized, and counted. Based on the preliminar}
cytotoxicity results, doses were selected for the cyto-
genetic assay.

2. Cytogenetic Assay:

a., Treatment: Prepared cultures (4 replicates/group)},
seeded at 5x10° cells, were exposed to seven non-
activated (20 to 150 pug/mL) and six S9-activated
(5.0 to 75 ug/mL) test material doses, the solvent
control (acetone), or the positive controls (0.5 ug/mL
TEM -S9 and 30 ug/mL CP +S9). Two of the four
replicate cultures from each group were used for the
parallel cytotoxicity test and were processed as
described for the preliminary cytotoxicity assay. The
remaining cultures were used for metaphase collection
and analysis.

In the nonactivated assay, cells were dosed for
16 hours. Cultures were washad, refed medium contain-
ing 0.1 ug/mL colcemid, and reincubated for 2 to

3 hours. Under S9-activated conditions, cells were
exposed for 2 hours, washed, refed culture medium, and
incubated for an additional 14 hours. Colcemid was

added 2 to 3 hours before cell harvest.

Metaphase cells were collected and fixed. Slides were
stained with 5% Giemmsa and coded.

5
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b. Metaphase Analysis: One hundred metaphase cells per

group (50/culture) were scored for chromosome
aberrations. Chromatid and chromosome gaps were
counted, but were not included in the final analysis.
c. Statistical Methods: The data were evaluated for

statistical signifiéance at a p value of 0.05 by Chi-~
square analysis.

Evaluation Criteria:

a. Agsay Validity: The assay was considered valid if (1)
the percent of cells with aberrations in the negative
control group did not exceed 6%; (2) 225% of the cells
scored in the positive control groups showed chromosome
aberrations; and (3) at least one of the test material
doses caused a >25% reduction in the Relative Cell
Growth (RCG).

b. Positive Responses: The test material was considered
positive if it caused a significant and dose-related
increase in the number of cells with aberrations
relative to the solvent control. In the absence of a
dose response, if two consecutive doses induced A
significant increase in the number of cells with
aberrations, the test material was also considered
positive.

C. REPORTED RESUILTS:

1.

Preliminary Cytotoxicity Assay: Results of the preliminary
cytotoxicity assay indicated that no cells survived
exposure to the three highest nonactivated (250, 500, and
1000 ug/mL) or two highest S9-activated (250 and 500 upg/mL)
doses. Relative survival for the remaining nonactivated
doses ranged from 65% at 100 ug/mL to 95% at 1.0 ug/mL.
Relative survival at 100 pug/mL +S9 was 15%; survival for
doses <109 pg/mL +59 ranged from 66% at 50 pg/mL to 87% at
0.5 pg/mL. Based on these results, the doses selected for
the cytegenetic assay were 20, 35, 50, 75, 100, 125, and
150 pg/mL-S9 and 5, 15, 30, 45, 60, and 75 ug/mL +S9.

Cytogenetic Assay: As shown in Table 1, 72% of the
cells survived exposure to the highest nonactivated
dose (150 pg/mL). Metaphases were, therefore, scored
from the 100-, 125-, and 150-ug/mL dose dgroups. There
was no significant increase in the percentage of cells with

1317



TAGLE 1.

Representative Results of the CHO Cell In vitro Cytogenetic Assay ¢

with Copper Naphthenate

X Cells Aberra Biologically
s9 Ralative No., of with tions Significant
Dose Acri- Percent Cells Aberra- per Aberration®
Substance Cug/mL) vation Survival Scored tions Cell (No./Type)
Negative Control
uUntreated Cells - . 13 100 2.0 0.04 1T¢; 31F
+ 101 100 2,0 0.02 1R; 1R
Solven r
Acetone .. - 100 100 2.0 0.02 21F
+ 100 100 2.0 0.02 178; 11F
Positive Control
Triethylenemalamine 0.5 . 64 100 45.0* 0.73 1018; 1118; STF; 26IF;
2R; &QR; 12TR; 1CR
Cyclophosdhamide 30.0 * 85 100 47.0¢ 0.81 1219; 1318; 6TF; 23iF;
30; 1R; 10QR; 10TR;
R
Test Materind
Copper maphthenate 150° - n 100 2.0 0.02 118; 11F
45 . a5 100 8.0 0.10 518; S1F; 10R; 11R
&0 . n 100 9.0 0,09 318; 21fF; 10; 2Rg
1R
75 . $1 100 5.0 0.07 118; 21F; 30R; 1R

®stbrevistions used:

18 - Chromatid Break
I8 « Isochromatid 8reak
Tf - Chromatid fragment

IF = 1sochromatid Fragment

R - Ring Chromosome
QR - Quadriradial

IR - Triradial
0 - Dicentric

CR - Complex Interchanges

L"Rn:sults for lower nonactivated doses (100 and 125 pg/ml) did not Indicate a8 clastogenic response.

*Significantly higher than the untreated control (p <0.01) by Chi-square tests,

1i8
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aberrations in metaphases scored for the selected nonacti-
vated doses. In the presence of S9% activation, the percent
survival for cultures exposed to the three highest doses
of copper naphthenate was >51%. Metaphase analysis for
these dose groups showed slight but not significant
increases in chromosome aberrations. However, the results
for the mid-dose group approached borderline significance
(p = €.063). Our reviewers noted the presence of rare
complex aberrations (triradials, dicentrics, and quadri-
radials) at the three scored doses of the test material.
Furthermore, it was noted that one ring and one quadri-
radial were scored in the S89-activated, untreated control
cultures; none were seen in the solvent-treated cultures.

Based on these findings, the study author concluded, "Under
the conditions of this study and according to the criteria
set for evaluating the results, copper naphthenate does not
induce chromosome aberrations in cultured Chinese hamster
ovary cells."

REVIEWERS' DISCUSSION AND INTERPRETATION OF STUDY RESULTS:

We assess that the nonactivated test material was assayed to
an appropriate concentration and did not induce a clastogenik
response. We further assess, in contrast to the study author,
that no definitive conclusions can be reached for S9-activated
copper naphthenate for the following reasons:

1. The number of cells with aberrations increased as the dose
decreasad. A similar reverse-dose trend was noted in an
unscheduled DNA synthesis primary rat hepatocyte assay
conducted with the identical batch number of the test
material (see Data Evaluation Record 250-A). Additionally,
findings from the S9-activated phase of a mouse lymphoma
assay (see Data Evaluation Record 250-B) clearly demon-
strated a mutagenic effect.

3%

The presence of rare complex aberrations at all S9-
activated doses, as well as the borderline significant
response at the mid-dose level (60 pg/mL), suggests weak
clastogenic activity. However, this finding is difficult
to interpret because complex aberrations were also seen in
the S9-activated medium control group.

Based on the above considerations, we conclude that copper
naphthenate is a presumptive clastogenic material. - The assay
should be repeated to determine whether the response is
reproducible. Additionally, test material purity information
was not provided, .and no analytical data to support actual
concentrations used in the assay were included in the final
report or raw data.

1
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E. QUALITY ASSURANCE MEASURES: A quality assurance statement was
signed and dated September 15, 1988.

F. CBI APPENDIX: Appendix A, Materials and Methods, CBI pp. 9-17.
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APPENDIX A

MATERIALS AND METHODS
(CBI pp. 9-17)



Study No. 0088-3110

MATERIALS AND METHODS

INDICATOR CELLS
Source

The Chkinese hamster ovary (CHO) cell lina used in this
study was originally obtained from the American Type Culture
Collection. The cell line ATCC No. CCL 61, CHO K-I was cloned,
and a subclone suited for the requirements of this assay was
selected.

Culture Conditions

The CHO cells were routinely cultured in Ham's F-12
nutrient medium supplemented with 10% heat-inactivated fetal
bovine serum (HIFBS), 2mM of L-glutamine, 100 units/ml of
penicillin and 100 ug/ml of streptomycin at 37 +1.0°C in a CC;
incubator (approximately 5% CO: and 95% air) in T-75 plastic
tissue culture flasks. The cells were routinely subcultured
just before confluency using 0.05% trypsin.

Stock Cultures

“E The CHO cells were propagated in antibiotic-free medium to
obtain a sufficient number of cells for freezing a large number
of stock ampules. The cells were cryopreserved in Ham’s F-12
nutrient medium supplemented with 10% HIFBS and 8% dimethyl
sulfoxide (DMSO) and stored in the vapor phase of liquid nitrogen.
Prior to using the stock cultures for the test, representative
ampules were tested for contaminating microorganisms, including
mycoplasma, and found free of the sbove. Cell cultures ini-
tiated from the stock ampules and maintained by subculturing
for less than a month were used in the assays.

CONTROL SUBSTANCES

Positive Controls

. >

Triethylenemelamine (TEM, CAS Registry Number 51-18-3),
which causes chromosome aberrations without metabolic activa-
tion, was used at 0.5 ug/ml in the non-activated system. The
source and lot number of the TEM used in this study are given
below.

Source: Polysciences Lot No.: 45272
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001506
Cyclophosphamide (CP, CAS Registry Number 6055-19-2), which
requires metabolic activation, was used at 30 ug/ml in the acti-
vated system. The source and lot number of the CP used in this
study are given below.

Source: SIGMA Chemical Co. Lot No.: 114F-0393

The stability of TEM and CP was not determined by SITEK
Research Laboratorxes under the experimental conditions.

Solvent Controls

Acetone was used to dissolve the test article. The source
and purity of the acetone used in this study are given below.

Source: Fisher Scientific Co. Lot No.: 871653

CAS Registry Number: 67-64-1

Certificate of Actual Lot Analysis

Assay 99.5%

Density (grams/ml) at 25°C 0.7852

Residue after evaporation 0.0002%

Color {(APHA) . - 5 t
Water 0.5%

The culture medium {(serum-free Ham’'s F-12 medium) was used
as the solvent for the positive control articles.

TEST ARTICLE
The test article Copper Napthenate was received on July 8,

1988, and stored at room temperature. The test article was
dissolved and diluted in acetone to prepare the dosing solutions.

EXPERIMENTAL PROCEDURES

Sclubility Test

In order to determine the proper vehicle for delivering
the test article to the test system, a solubility test was
performed. The solubility of the test article in DMSO, acetone
and ethanol was tested.

10
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" -Study No. 0088-3110

Metabolic Activation System

The metabolic activation system consisted of Aroclor-induced
rat liver homogenate (S~9 fraction) and "CORE" in the proportion
of 1:4. The "CORE" was prepared by dissolving 24 mg of
nicotinamide-adenine dinucleotide phosphate (NADP) and 45 mg of
DL-isocitric acid per ml in deionized distilled water. The
solution was filter sterilized and kept frozen at -60 to -170¢C.
Sprague-Dawley rats were induced by Aroclor 1254 at a final
concentration of 500 mg of Aroclor per kilogram of rat weight.
The livers from induced rats were combined with 3 ml of 0,15M
KCl per gram of liver and homogenized. The homogenate wasg
centrifuged at 9000xg for 10 minutes, and the supernatant ($-9
fraction) was collected and frozen at -60 to =170¢C,

Immediately before treatment with the test article, the S$-9
fraction was combined with the "CORE" in the proportion of 1:4 and
added to the medium at 7.5 ml per 100 ml. The final S-9
containing wmedium contained 1.44 mg/ml of NADP, 2.7 mg/ml o
DL-isccitric acid and 15 ul/ml of rat liver homogenate. :

Teat System Identification

All test cultures were labeled with an indclible pen with t
a code system which clearly identified the experiment number,
activation system, teat article concentrations and controls.
Slides were labeled with pencil with the test article number,
test system, and code numbers for the concentrations tested.

Preparation of Test Article Dosing Solutions

The test article was weighed, dissolved and diluted in
acetone to appropriate conzentrations prior to use. Approxi-
mately 20-30 minutes elapsed between the time the teat article
was solubilized and the final treatment of the cells. All test
article and control treatments were done under UV-filtered
lights to avoid possible problems of photoinactivation.

The stability of the tesat article under the experimental
conditions was not determined by SITEK Research Laboratories.

Preparation of Test Cultures

The CHO stcck cultures were grown in Ham's F-12 nutrient
medium supplemented with 10%, heat-inactivated fetal bovine
serum (HIFBS), 2mM L-glutamine, 190 units/ml penicillin and
100 ug/ml streptomycin. Stock cultures growing in T-75 cm?
tissue culture flasks were harvested and used to prepare the
test cultures for the Assay. The culture medium from the
T-75 cm? flasks was discarded, and the cells were washed with
Ca*¢*~free and Mg**-free phoaphate buffered saline (PBS). The
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cells were then dissociated by e£dding 2.0 ml of 0.05% trypsin to

each flask. The flasks were incubated at 37 +1.0¢C until the

cells dissociated. 5 ml of complete culture medium was then

added to each of the stock culture flasks, the cell suspensions

were pooled, and the trypsin was removed by centrifugation. The

cells were resuspended in fresh complete culture medium, and an !
aliquot of the cell suspension was diluted to the appropriate
concentration and counted using a cell counter. Based on the
cell counts, a separate cell suspension with 1x10% cells/ml was
prepared to seed the test flasks. An appropriate number of
T-25 cm? tissue culture flas»s was aeeded with 5 ml of cell
suspension to obtain test culture flasks with 5x10% cells/flask.
The flasks were incubated at 37 #1.0¢C in a humidified incubator
in an atmosphere of approximately 5% CO: and 95% air for 18-24
hours.

Range Finding Test

In order to determine the test article concentrations that
would produce 0-100% cytotoxicity, & Range Finding Test was
performed. The test article was weighed, and a serial dilution
was prepared in acetone. The test article was tested at
concentrations of 1000, 500, 250, 100, 50, 25, 10, 5.0, aad
1.0 ug/ml in the non-activated system and at 500, 250, 100, 50, t
25, 10, 5.0, 2.3, 1.0, and 0.5 ug/ml in the activated systex.

The test article was observed to form precipitates at test
concentrations of 250 ug/ml and above.

Test cultures which were seeded approximately 18-24% hOuts
earlier were used in the Range Finding Test. Two replicate
cultures were used at each dose level.

In the non-activated system, the culture medium was
removed, and 5 ml of fresh medium supplemented with 10% HIFBS
wag added to each of the culture flasks. The cella were then
expoged to the test article for 16 hours.

After the exposure period, the medium was removed from
the flasks, and the cells were washed with PBS. 2.0 ml of 0.05%
trypsin was added to two cultures at each dose level. The flasks
were incubated until the cells were dissociated. An aliquot of
the cell suspension was diluted and counted in an electronic
cell counter. The number of cells per flask was calculated for
each dose level, and the Relative Cell Growth (RCG) was deter-
mined using the following formula:

RCG = No. Cells in Test Flask X 100
No. Cells in Solvent Flask

12
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In the activated system, the medium was removed, and 5 ml
of serum-free medium containing S-9 mix was added to each of the
culture flasks prior to treatment. The cells were exposed to
the teat article for 2 hours by adding appropriate volumes of
test article stock solutions to the culture medium, After the
exposure period, the cells were washed with PBS, refed with
culture medium containing 10% HIFBS, and allowed to grow for
approximately 14 hours at 37 +1.0°C in an atmosphere of approxi=-
mately 5% CO; and 95% air. After the incubation period, the cells
were washed with PBS, trypsinized, and the cells were counted to
determine the RCG. . '

Chromosome Aberration Assay

The Chromosome Aberration Assay was run with a concurrent
Parallel Toxicity Test which was performed as in the case of
the Range Finding Test, but with the same treatment procedures
ss the Chrcmosome Aberration Assay. :

The test cultures were prepared as described for the Range
Finding Test. Four replicate cultures were treated at each
dose level; two were used for cytotoxicity detarmination in
the Parallel Toxicity Test, and the other two were used in the
evaluation of induced chromosome aberrations. .

The cells were treated with seven doses of the test article
ranging from 150 to 20 ug/ml in the non-activated system and at
gix dose levels ranging from 75 to 5.0 ug/ml in the activated
system. One dose of the positive control and appropriate solv-
ent controls were included in both the non-activated and
activated systems.

Parallel toxicity determinations were done as described in
the Range Finding Test. The Chromozome Aberration Assay was
performed as described below.

In the non-activated system, the cells were traated in
complete medium with 108 HIFBS. The cultures were treated for
16 hours. After the exposure period, the cells were washed with
PBS and refed with complete medium containing 0.1 ug/ml of
Colcemid. After ‘2=3 hours of Colcemid treatment, the dividing
cells vere harveated by mitotic shake off, swelled in bhypotonic
KCl, and fixed in Carncy’s fixative (3:1 of methanol and
acetic acid).

13
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In the activated system, the cells were treated in serum-
free medium containing the S-9 mixture. Treatment was termi-
nated after 2 hours of exposure to the test articla. The
cultures were allowed to grow for another 14 hours in complete
medium with 10% serum, after which the cells were treated with
0.1 ug/al of Colcemid for 2-3 hours before the dividing cells
were harvested and fixed. The fixed cells were kept at 0-4¢C
for at least 12 hours. The cells were tien collected by centri-
fugation, resuspended in a small volume of fresh fixative, and
dropped on microalides to prepare chromosome spreads. The
slides were air dried, stained in Giemsa stain, and mounted in
Permount using #1 cover glasses.

The glides were scored "blind” in order to avoid bias on
the part of the scorer. The three highest test dozes, along
with one positive control, one solvent control {acetone) and an
untreated control, were scored from the non-activated and acti-
vated aystems. Only cells showing 19 +2 chromosomes were
scored, and the Vernier readings of the cells with chromosone
aberration(s) were recorded. A tctal of 50 cells per culture
flask wes scored and recorded on the data sheet.

The types of chromosome aberrations scored and the corre-
sponding abbreviations used are given below (1,2):

tg - Chromatid gap - an achromatic region of a width not
greater than that of the single chromatid, occurring
anyvwhere along the length of either of the two
chromatids of a chromosome,

Isg - Isochromatid gap - same as above, but occurring in
both the chromatids of the same chromosome at the
same locus.

th =~ Chromatid break -~ an achromatic region of a width
greater than that of a single chromatid occurring
along the length of either of the chromatids of a
chromosome, or a chromatid fragment lying adjacent
to but not aligned along the axis of either of the
two chromatids.

Isb - Isochromatid break - same as above but occurring
in both chromatids of the same.- chromosome at the
same locus.

tf - Chromatid fragment - a piece of chromatid without a
centromeric region, but not appearing in connection
with any chromosoae.

Isf - Isochromatid fragment - same as above but appearing
in pairs.

14
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d -~ Dicentric chromosome - chromosome with two
centromeres.

r - Ring chromosome - chromatids or chromosomes with the
two ends joined together to form a ring, with or
without a2 centromere.

qr - Quadriradial - simple interchanges occurring between
chromatids of two chromosomes and resulting in four-
armed configurations.

tr -~ Triradial - sgimple interchanges occurring between
one chromosome and chromatids of another chromosome,
resulting in three~armed configurations.

Cr -~ Complex interchanges - multiarmed configurations
resulting from breakage and reunion of two or more
chromosones.

pu - Pulverization - extreme fragmentation of chromosomes
) and individual chromosomes no longer recognizable.

ad -~ Severely damaged cell ~ cell with ten or more
aberrationa.

e - Endoreduplication - multiples of two chromatids
connected by a centroamere.

The slides were decoded after scoring, the chromosome
aberration data from the score sheets were consolidated on a
Summary Table, and the number of aberrations per cell and the
percentage of cells with one or more aberrations for each dose
level were calculated. The chromosome aberration data from the
two harvests were analyzed separately. Chromatid gaps, chromo-
some gaps and endoreduplication were scored, but they were not
included in calculating the percentage of cells with aberra-
tions and the number of aberrations per cell,. Of the remaining
aberrations, each aberration scored was counted a3 one, except
pulverization (pu) and severely damaged cell (sd). Each of
these two aberrations was considered equal to ten aberrations
in calculating the- number of aberrations per cell. For statis-
tical analysis, the percentage of aberrant cells at each dose
was compared against its concurrent solvent control or the
historic solvent control wherever the number was 2% or less.

15
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CRITERIA FOR A VALID ASSAY

1. In the negative control, the number of cells with
aberrations (excluding gaps and endoreduplication) should not
exceed 6%.

2. At least 25% of the cells scored in the positive
control should show one or more chromosome aberrations,

3. At least one of the test doses scored should show more
than 25% reduction in the RCG. This requirement should not be
applied to test articles where no apparent toxicity could be
achieved at the maximum soluble dose or highest allowable dose.

EVALUATION OF TEST RESULTS

Statistical Analysis

The number of cells with abei.rations at each treatment
level was analyzed for statistical significance, in comparison
with the solvent control, using a Chi-square analysis. Signi-
ficance was determined at the 95% confidence level (P<0.05).

Positive Response

The test article is considered to have caused a positive
response in this assay if:

1. The test article shows a positive dose~response trend
and a statistically significant increase over that of the
concurrent solvent controls in the number of cells with aberra-
tions at one or more dose levels.

2. In the event there is no positive dose-response trend,
an increase in the number of cells with chromosome aberrations
at two consecutive test doses should be statistically signifi-
cant at the 95% confidence level in a Chi-square analysis.

Equivocal Response

va =

The test article is considzred to have caused an equivocal
response if:

1. One of the test doses shows a gstatistically significant
increase in the number of cells with aberrations without an
accompanying positive dose-responuse trend.

2. The test article shows a statistically significant dose-

response trznd, but none of the dose levels shows a significant
increase in the number of cells with aberrations.
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Negative Response

The test article is considered to have caused a negative
response if no indication of a positive dose response is
observed and none of the test doses shows a statistically
significant increase in the percentage of aberrant cells.

Other Congiderations -

The above criteria will be used as guidelines in
evaluating the test results, However, the Study Director may
take other factors into consideration in evaluating the test
results. :

ARCHIVES

All original raw data, the final report and stained slides
are archived at SITEK Research Laboratories, 12111 Parklawn
Drive, Rockville, Maryland, 20852,
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DATA EVALUATION RECORD

CHEMICAL: Copper naphthenate.

STUDY _TYPE: Mutagenicity--Salmonella typhimurium mammalian

microsome mutagenicity assay.
AGCESSION NUMBER: 411407-05.
TEST MATERIAL: Copper naphthenate.

SYNONYMS/CAS NO. None listed.

SPONSQR: U.S. Army Environmental Hygiene Agency, Aberdeen Proving
Grounds, MD.

TESTING FACILITY: Litton Bionetics, Inc., Kensington, MD.

TITLE OF REPORT: Mutagen1c1ty Evaluation of Copper Naphthenate
5/8/85 (Chapman Chemical) in the Ames Salmonella/Microsome Plate
Test.

AUTHOR(S): Jagannath, D.R. and Myhr, B.C.

STUDY NUMBER(S): 20988.

REPORT ISSUED: July 1985.

CONCIUSION(S) - EXECUTIVE SUMMARY: Eight concentrations of copper
naphthenate (1 to 10,000 pg/plate) were evaluated in the Salmonella
typhimurium mammallan microsome mutagenicity assay. The highest
assayed dose was cytotoxic to all strains both with and without S9
activation. Cytotoxicity was also apparent at the 5000-ug/plate
level +/-5% in the majority of strains. Although the data did not
indicate that the test material was mutagenic in S. typhimurium
TA1S535, TAl1S37, TA1538, TA938, or TAl00, the use of single plates
at each assayed dose of copper naphthenate is not a scientifically
sound practice. In addition to this major study flaw, no
information on test material purity, lot number of the sample used
in the assay, or analytical data to verify actual concentrations
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the data are insufficient to support the classification of copper
naphthenate as nonmutagenic in this test system.

Study Classification: The study is unacceptable. R

A. ERIALS:

1. Test Material:
Name: ) Copper naphthenate
Description: Blue solid (Note: Reporting laboratory's Safety
Office indicated that the test material was a
green paste.)

Lot No.: Not specified
Purity: Not specified
Contaminants: None listed
Solvent used: Acetone

Other comments: Storage conditions were not reported. Raw data
indicated that 200 mg/mL of the test material
formed a clear blue solution in acetone.

2. Conty te S:

Negative: Acetone

Solvent/final concentration: 0.025 to 0.15 mL/plate

Positive: Nonactivation:
Sodium azide _10 ug/plate TA100, TAl5135
2-Nitrofluorene _10_ pug/plate TA98, TA1l538
g-Aminoacridine _50 ug/plate TA1537
Other:

Activation:
2-Aminoanthracene 2.5 ug/plate all strains.

3. Activation: 59 derived from
X

Arcclor 1254 X induced X rat X liver
phenobarbital noninduced mouse lung

. none hamster other
other other

If other, describe below. Describe S9 composition (if purchased,
give details). The S9 fraction (lot No. 05039) was oktained from
an unspecified commercial source. The S9 mix contained the
following components:

Concentration per Milliliter

Componen”. * S9 Mix

NADP (s. . : =alt) 4 pmoles
D-glucosc--* -_hosphate 5 umoles
MgcCl, 8 umoles
KCl 33 umoles
Sodium phosphate buffer pH 7.4 100 umoles
S9 fraction 100 pliters

4
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Test Organism Used: S. typhimurium strains

X TA1535 X TA1537 X TA1538; list any others:
Test organisms were properly maintained: Yes.
Checked for appropriate genetic markers (rfa mutation,
R factor): Yes.

Test Compound Concentrations Used:

Cytotoxicity Assay: Fourteen doses of the test material
ranging from 1.22 to 10,000 ug/plate were evaluated in the

nonactivated cytotoxicity assay with S. typhimurium strain
TA100.

Mutation_ Assays: The eight doses selected for the
nonactivated and S9-activated mutation assay were 1, 10, 100.
500, 1,000, 2,500, 5,000, and 10,000 ug/plate

TEST PERFORMANCE:

1. Type of Salmonella Ascsay: _X Standard plate test

Pre~incubation ( ) minutes

"prival”™ modification

Spot test

Other (describe). t
2. Preliminary Cytotoxicity Assay: The nonactivated

preliminary cytotoxicity assay was conducted with 14
doses of the test material ranging from 1.22 to 10,000
pg/plate using S. typhimurium TAl00; single plates were
prepared for each dose level. The test material at doses
>2500 ug/plate was cytotoxic as indicated either by the
presence of "micro colonies™ of TAl00 at 5,000 and 10,000
pg/plate or by the reduction in the revertant colony
count at 2,500 ug/plate.

3. Mutagenicity Assay: Based on the above findings, eight
doses ranging from 1 to 10,000 ug/plate were assayed in
the presence and absence of S9 activation. Single plates
were prepared for each test material dose; however,
positive and solvent control groups were assayed in
duplicate. The highest nonactivated and S9-activated
dose was severely cytotoxic in all strains. With the
exception of strain TA100, 5000 ug/plate +/-59 was also
cytotoxic (Table 1). Reduced revertant colony counts
were also noted for strains TA1535, TA1537, TA1538, and
TA98 at 2500 pg/plate +/-~S9; however, we are unable to
determine if these counts represent compound cytotoxicity
or normal plating variation since only single cultures
were assayed.
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TABLE 1. Representative Results of the Salmonella typhimurium Mutagenicity Assay with Copper Naphthenate

59 Revertants per Plate of Bacterial Tester
Acti- - Dose - Strain
Substance vation (ug/plate) TA1535 TA1537 TA1538 TA98 TA100
b
Solvent Control
Acetone - .- 25 " 1" 41 166
+ .- 13 10 23 50 139
Positive Control®
Sodium azide - 10 1479 - - .- 1407
2-Hitro-
fluorene - 10 - .- 1075 1003 --
9-Aminoacridine - 50 .- 208 -- -- --
2-Anthramine + 2.5 338 558 2064 2456 2701
Test Material
Copper naphthenate - 1000° 2 8 8 40 15¢
- 2500d 12 4 [ 16 163
- 5000 3 1 3 4 154
+ 1000°¢ 14 7 1% 2% 14
T+ 2500d 1 5 . S 22 161 t
+ $000 9 0 (L 12 160

“Duplicate plates were prepared for the solvent and positive control groups; single plates were assayed for each
test material dose group.

bAverage values calculated by our reviewers.

€values for lower doses (1, 10, 100, and 500 ug/plate +/-59) did not suggest a mutagenic effect.
The highest assayed dose (10,000 ug/plate +/-59) was severely cytotoxic in all strains.
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No appreciable increase in revertant colonies of any
strain was noted at any test dose either in the presence
or absence of S9 activation. By contrast, data presented
for the positive control groups indicated that all
strains responded to the mutagenic action of the
appropriate nonactivated or S9-activated ©positive
controls.

The study author concluded that copper naphthenate was
not mutagenic in this test system.

Reviewers’ Discussjion/Conclusions: Copper naphthenate
was assayed over an appropriate concentration range and
there was no evidence of a mutagenic response under
nonactivated or S9-activated conditions. We assess,
however, that the study is technically unacceptable. The
use of single plates at each dose of the test material
both with and without 59 activation is not an acceptable
practice. Replicates are needed to provide evidence of
reproducible results and an indication of mutant colony
count variability; cotherwise an evaluation of test
material results is not possible. Additionally, the
report lacked information on test material purity, the
lot number of the test sample, and analytical data tg
support actual concentrations used in the assay.

Quality Assurance: A quality assurance statement was

signed and dated July 16, 1985.

CBI Appendix: Appendix A, Materials and Methcds, CBI pp
5~13.
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APPENDIX A

Materials and Methods, CBI pp 5-13
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AMES SALMONELLA/MICROSOME PLATE ASSAY

1. OBJECTIVE

The objective of this study was to evaluate a test material for mutagenic
activity in a bacterial assay with and without a mammalian $9 activation

system.

2. RATIONALE

The Salmonella typhimurium strains used at LBI are all histidine auxotrophs

virtue of mutations in the histidine operon., ¥hen these histidine-
dependent cells are grown in a minimal media petri plate containing a trace
of histidine, only those cells that revert to histidine independence (his+)
are able to form colonies, The trace amount of histidine allows all the
plated bacteria to undergo a few divistons; this growth {s essential for
mutagenesis to occur, The his+ revertants are easily scored as colonies
against the slight background growth. The spontaneous mutation frequency of
each strain 1s relatively constant, but when a mutagen is added to the agar
the mutation frequency is increased 2- to 100-fold. Cells which grow to
form colonfes on the minimal media petr! plates are therefore assumed to'
have reverted, either spontaneously or by.the action of a test substance to
his+ genotype,

3, MATERIALS

A. Indicator Kicroorganisms

The Salmonella typhimurium strains used in this assay were obtained from Or.
Bruce Ames, University of California at Berkeley (Ames et al., 1975). The
:%;5 following strains are used:

Strain Gene Additional Mutations Mutation Type
Designation Affected Repair LPS R tactor Detected
TA-15835 T his 6 suvr 8 rfa - Base-pair
veu o SubstTtition
TA-1537 his C A uvr B rfa - ¢ " (Framesfiift
TA-1538 his D aurB  rfa - *. . Framashift
TA-98 his D surB  rfa PKMIOL % Frameshift
TA-100 his G A uvr B rfa pKK101 Base-pair

substitution

Litton Bionetics
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3. MATERIALS (continued)

The aforementioned strains have, in addition to the mutation in the histi-
dine operon, a mutation (rfa-) that leads to defective ipopolysaccharide
coat, a deletion that covers genes involved in the synthesis of vitamin
biotin (blo-) and in the repafr of ultraviolet (uv) - induced DNA damage
(uvrB-),  The rfa- mutation makes the strains more permeable to many large
molecules. The uvrB- mutation decreases repair of some types of chemically
or physically damaged DNA and thereby enhances the strain's sensit{vity to
some mstagenic agents. The resistant transfer factor plasmid (R factor)
pKMIOL in TA-98 and TA-100 is believed to cause an increase in error-prone
ONA repair that leads to many more mutations for a given dose of most
mutagens (McCann, et al., 1975). [In addition, plasmid pkM1Ol coafers
resistance to the antTblotic ampicillin, which {s a convenient marker to
detect the presence of plasmid in the cells,

The {nafcator strains were kept at 4°C on minimal medium plates supplemented
with a trace of blotin, an excess of histidine, and ampiciilin (25 ug/ml)
for TA-98 and TA-100, to ensure stable maintenance of plasmid pKM1OI. New
stack culture plates are made as often as necessary from frozen master
cultures or from single colony reisolates that were checked for their geno-
typic character{stics (his, rfa, uvrB, bio) and for the presence of the
plasmid, .

B, Media

For daily use, an inoculum from stock culture plates {s grown overnight at
37°C in Oxoid Media #2 (nutrient broth) and used {n the mutagenicity test.
The minimal media plates for the selection of histidine revertants consisted
of the Vogel Bonner Medium £ (VYogel and Banner, 1956) with 2% glucose and
1.5% bactoagar. The overlay agar contained the following per 100 ml volume;
0.6 gms of purified agar, 10 ml of 0.5mH L-Histidine-0.5mM Biotin and 0.5 ¢
NaCl according to the method of Ames, et al. (1975).

C. Activation System

(1) 59 Homogenate

A 9,000 x g supernatant prepared from Sprague-Dawley adult male rat
liver induced by Aroclor 1254 (described by Ames et. al., 1975) was
purchased. comnercially and used in this assay.

' b N
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3. MATERIALS (continued) .

(2) $9 Mix
Concentration per Hill{liter
Companents S9 Mix

NADP (sodfum salt) 4 ymoles
D-glucose~G-phasphate 5 umoles
MgCl, 8 ymoles
XC1 33 ymoles
Sodium phosphate buffer pH 7.4 100 ymoles
Organ homogenate from rat liver

(59 fractfon) ) 100 pyliters

4, EXPERIMENTAL DESIGN

A. Dosage Selection

Doses were selected for the actual assay based on.a preliminary t0x1city'
test with the strain TA-100, Fourteen doses using two-fold dilutions from
10,000 pg per plate for solids and 150 pl per plate for liquids were used in
this dose selection assay. For the actual assay, at least six doses were
selected with the highest dose exhibiting 100X toxicity. HNontoxic chemicals
ware tested up to 10 mg per plate for solids and 150 vl per plate for
1{quids, '

B, Toxicity Studies

To a sterile test tube containing 2.0 ml of overlay agar (placed in a
43°-45°C water bath) the following were added:

« 0.025 - 0.150 m] of a solution of the test material to give the
appropriate dose,

. 0.2 ml of an overnight culture.

e -

« 0.5 ml of 0.2M phosphate buffer, pH 7.4.

This mixture was swirled gently and then goured on to miquqtgaga;'pfaies
(see 3B, Media). After the overlay agar had set, the plgtes pere inéubdated
it 37°C for approximately 2 days. The number of colonfes.growing ¥n the
plates were counted and recorded, b e e

. ® )
A reduction tn the number of revertants, appearance of mféiaiplonfés:'or
clearing of the background lawn on the test material tredied-plates as com-
pared to the solvent control plates were considered as indications of
toxicity by the test material.

- Litton Bionetics r
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‘4, EXPERIMENTAL DESIGN (continued)

B. Toxicity Studies {continued)

If the doses are specified by the sponsor, the toxicity studies as outlined
in 4:8, will not be performed on the test material and the assays are run

using the specified doses, These doses will be reported in the {nterpreta-
tion of results and in the results tables,

€. Mutagenicity Testing

The procedure used {s based on the paper published by Ames-et. al., 1975)
and was performed as folluws:

(1) Nonactivation Assay

To a sterile test tube placed in a 43°C-45°C water bath the following
were added in order: _

(a) 2.00 ml of overlay agar (see 38, Media).

(b) 0.025 - 0.15 m1 of a solution of the test chemical to yield

the appropriate dose, ¢

{c) 0.2 ml of indicator crganism,
(d) 0.50 ml of 0.2M phosphate buffer, pH 7.4,

This mixture was swirled gently and then poured onto minimal agar plates
(see 38, Medfa). After the top agar had set, the plates were incubated
at 37°C = 2° for approximately 2 days. The number of his+ revertant
colonies growing on the plates were counted and recorded.

(2) Activation Assay

The activation assay was run concurrently with the nonactivation assay.
The only difference was the addition of 0.5 ml of S9 mix (see 3C:2,
Activation System) in place of 0.5 ml of phosphate buffer that was added
in nonactivation assays. All other details are similar to the procedure
for nonactivation assays. :

A detailed flow diagram for the plate {ncorporation assay is provided in

Figure 1. ot
D. Control Compounds E ; ; e '.

(1) A negative control, consisting of the solvent usea‘fbr tﬁg iést
material, was assayed concurrently with the test paferiak,* Jhe
solvent control was emyioyed for each indicator strajt and was used
{n the absence and presence of S3 mix, e

Lition Blonetics
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FIGURE 1 ‘~"5fi]i‘f.‘

REVERSE MUTATION ASSAY
(Agar Incorparation Method)

Molten (43° to 45°C) overlay agar
appropriately supplemented

Test article, positive

+ & & &+ control or solvent control

Aliquot of an overnight

tEee. culture of bacteria

¢+

+
+ +
Al{quot of 0.5 ml + ¢+ 0.5m 59 mix (hepatic
buffer -89 +59 homogenate from
PCB pretreated
rat plus necessaﬁy
cofactors)

- -

<

Overiay poured on selective bottom agar medium
¢
¢
+

+
Plates {ncubated at 37°C for approximately 48 hours
+

+

+

. ,
Number of revertants per plate counted

- - - -
L ]
L ]
L ]
L 2
L ]

Data entered onto preprinted forms L *

- - - -
L ]
.
o
.
L ]

Interpretation/conclusion
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4.

EXPERIMENTAL DESIGN (continued)

- D. Control Compounds (continued)

(1) Negative Control Article

The solvent was tested at a single concentration equal to the maxi-
mum volume used to administer the highest dose of the test article
or at the concentration indicated in the Results Table(s) of this
report. The solvent used to prepare the stock solution of the test
article {s given in the Results Section of this report, All dilu-
tions of the test article were made using this solvent.

(2) Positive Control Articles

Straln specific positive controls and positive controis to ensure
the efficacy of the S9 mixture were assayed concurrently with the
test material. The following positive controls were emplcyed in
the assays:

Concent;ations ] :
per Plate Salmonel
Assay Chemical Solvent {n9) Strainsl

Nonactivation Sodium azide Hater 10.0 TA-1535, TA-100
(SA)

2-N{trofluorene Dimethyl-
(NF) sulfoxide 10.0 TA-1538, TA-98

9-aminoacridine Ethanol 50.0 . TA-1537
(9-AA)

Activation 2-anthramine Dimethyl-
sulfoxide 2.5 For all strains

EVALUATION CRITERIA

Statistical methods are not currently used, and evaluation {s based‘bh.the
criterfa included in this protocol. e *

Plate test data consist of direct revertant colony c0untseob:aine% from a

X 2 ]

set of selective agar plates seeded with populations of mutapt cells ,
suspended in a semisolid overlay. Because the test matecja)], and the, ;ﬁlls
are incubated in the overlay for approximately 2 days and & few cell.divi-
sions occur during the incubation period, the test is semiquantitativa in
nature, Although these features reduce the quantitation of result, they
provide certain advantages not contained in a quantitative suspencioa test:

Lition Blonetics R 1 ll 4
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6. EVALUATION CRITERIA (continued)

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

. The combined incubation of the test material and the cells in the
overlay permits constant exposure of the indicator cells for approxima-
tely 2 days.

A. Evaluation Criteria for Ames Assay

Because the procedures used to evaluate the mutagenicity of the test
material were semiquantitative, the criteria used to determine positive
effects were inherently subjective and were based primarily on a historical
data base., lost data sets were evaluated using the following criteria:

(1) Strains TA-1535, TA-1537 and TA-1538

Data sets will be evaluated as positive if a dose response is cbserved
over a minimum of three test concentrations and the increase i{n rever-
tants {s equal to or greater than three times the solvent control value
at the peak of the dose response., The solvent control value should be
within the normal range for evaluating the results (see also 5B: Dose
response phenomena). t

(2) Strains TA-98 and TA-100

Data sets will be evaluated as positive if a dose response is cbserved
over a minimum of three test concentratfons and the increase in rever-
tants achieves a doubling of the solvent control value at the peak of
the dose response, The solvent control value should be within the nor-
mal range for evaluating the results (see also 5B: Dose response
phenomena),

The following ranges of revertants for solvent controls are generally con-
sidered acceptable;

TA-1635: 8-30
TA-1537: 4-30
TA-1538: 10-35
TA-98: 20-75
TA-100:  80-250

(3) pattern P

Because TA-1535 and TA-100 are both derived from the .sane- paranbaf.
strain (G-46) and because TA-1538 and TA-98 are both dérived from.the
same parental strain (03052), tc some extent there 15,3 fuilt=ir gedun-
dancy in the microbial assay. In general, the two strqins of a set
respond to the same mutagen and such a pattern {s souylic. Generally, if
a strain responds to a mutagen in nonactivation tests, it will cdo so in

activation tests. Occasfonally, exceptions to this pattern may t¢
seen,

Litton Bionelics 3- Y
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5.

EVALUATION CRITERIA (continued)

8. Dose-Response Phenomena

The demonstration of dose-related increases in revertant counts is an {mpor-
tant criterfon in establishing mutagenicity. Since we employ several doses
{n the actual assay, & dose response would normally be seen with a mutagenic
test mater{al, Additiomal tests may be performed over a narrower dose range
if the mutagenic test material fails to exhibit a dose-response in the ini-
tial assay., However, occasfonally it {s difficult to generate a dose-
response and the test materfal will be evaluated based on the available
data,

L. Reproducibility

If a test material produces a response in a single test which cannot be
reproduced {n additional runs, the initial positive test data lose
siygnificance,

8. Control Tests

Positive and negative control assays are conducted with each experi{ment and
consist of.direct-acting mutagens for nonactivation assays and mutagens ¢
requiring metabolic blotransformation in activation assays. Hegative

controls consist of the test materfal solvent in the overlay agar, together

-with the cther essential componants, The negative control plate for each

strain gives a reference point to which the test data are compared, The
positive control assay is conducted to demonstrate that the test systems are
functional with known mutagens,

Lition Bionetics
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DATA EVALUATION RECORD TR

CHEMICAL: Copper naphthenate.
STUDY TYPE: Mouse lymphoma forward mutation assay.

MRID NUMBER: 411407-06.

TEST MATERIAL: Copper naphthenate.

SYNONYMS/CAS NO.: None listed.

SPONSOR: U.S., Army Environmental Hygiene Agency, Aberdeen
Proving Ground, MD.

TESTING FACILITY: Litton Bionetics, Inc., Kensington, MD.

TITLE OF REPORT: Mutagenicity of Copper Naphthenate in a Mouse
Lymphoma Mutation Assay.

AUTHORS: Cifone, M.A. and Myhr, B.C.
STUDY NUMBER: 20989.

REPORT ISSUED: November 1985.

CONCLUSIONS/Executive Summary:

Copper naphthenate was evaluated for the potential to cause forward
gene mutations in mouse lymphoma L5178Y (TK'") cells in both the
presence and absence of S9 activation. The results indicated that
six nonactivated doses (10 to 80 pg/mL) were not mutagenic; doses.
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>80 ug/mL were severely cytotoxic. 1In the presence of S9 activa-
tion, severe cytotoxicity was apparent at concentrations >60 pg/mL.
No evidence of a mutagenic effect was observed at the six treatment
levels (2.5, 20, 30, 40, 50, or 60 pg/mL) selected for expression
of forward mutations at the thymidine kinase locus. 2Although the
assay was performed in a technically acceptable manner, there is
concern regarding the validity of the results. The negative
finfdings of this assay conflict with the results of an in-
dependently performed mouse lymphoma assay.

In the latter assay, it was concluded that S9-activated copper
naphthenate induced a clear dose-related mutagenic effect that was
confined to a narrow range of concentrations (20, 30, and 40
sg/mL) . Additionally, the concentration of $9 in the S9 cofactor
mix (25%) was =2.5 times higher than the 1level used in the
currently reviewed assay (with the exception of the 10% S9, the
concentration of other components in the S9 mix were not listed).

It was also noted that both studies used comparable dose ranges of
copper naphthenate and the assessment of cytotoxicity was generally
in agreement. However, results from the mutation assay, the
physical description of copper naphthenate, the solvent, and the
$9 concentrations used in these assays were different (see Section
D, Reviewer's Discussion and Interpretation of Results). Further-
more, neither study provided information on test material purity
or analytical data to verify actual concentrations used in the
assays. Based on the above considerations, both studies were
classified as unacceptable; more important, however, we are not
able to determine which results are valid. It is, nevertheless,
conceivable that while copper naphthenate was soluble in both
acetone and DMSO, mutagenic impurities that may have been present
in the sample dissolved in DMSO were highly soluble in this
solvent. .

Study Classification: The study is unacceptable. It is recom-
. mended that the assay be repeated. It is considered prudent that
the repeat test use both ethanol and acetone as the test material
solvents, and include varying concentrations of S9 in the metabolic
reaction mixture to determine if these differences between the
studies affected the outcome of the results.

'DER 250B; Kirby et al. Evaluation of a Test Article in the
L5178Y TK'/~ Mouse Lymphoma Mutagenesis Assay in the Presence and
Absence of Aroclor-Induced Rat Liver S9; unpublished Study No.
0088-2400, prepared for the U.S. Environmental Hygiene Agency,
Aberdeen Proving Grounds, MD/Toxicon, Woburn, MA, by SITEK Research
Laboratories, Rockville, MD; dated August 19, 1988; WMRID No.
411407-02.
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Test Materijal:
Name: Copper naphthenate
(Chapman Chemical, 5/8/85)
Description: Green solid
Lot No.: Not specified
Purity: Not specified
Contaminants: None listed
Solvent used: Absolute ethanol (ETOH)

Other comments: Storage conditions were not reported.
The test material formed an opagque blue-
green solution in ETOH at a concentration
of 100 mg/mL. The test material at con-
centrations up to 125 ug/mL appeared
soluble in culture medium (RPMI 1640
medium) ; higher levels (250 to
1000 pg/mL) formed a blue-green precipi-
tate in RPMI 1640. Stock solutions were
prepared immediately prior to use.

'Ln§$gggg;“§g;L§: The mouse lymphoma cell line, L5178Y
TK""

( ), clone 3.7.2, was derived from the Fischer L5178Y

‘¢cell line and obtained from Dr. Donald Clive, Burroughg

Wellcoma, Research Triangle Park, NC. - Stock cultures were
maintained in liquid nitrogen. Cultures were periodically
checked for mycoplasma contamination and exposed to
methotrexate to maintain a low background frequency of
trifluorothymidine (TFT)-resistant cells.

S9 Fraction: The S9 fraction (Batch No. R-232) was
commercially prepared (source not reported) and was derived
from the livers of adult male rats (strain not specified)
induced with Aroclor 1254. The S$9 mix contained the 10%
59 microsome fraction (see Mouse Lymphoma Assay raw data,
CBI p. 1) and unreported concentrations of NADP and
isocitric acid.

Positive Controls: Ethylmethanesulfonate (EMS) at 0.25 to
0.5 pL/mL and 3~methylcholanthrene (3-MCA) at 1.0 ¢to
4.0 ug/mL were used as the nonactivated and S9-activated
positivé ‘controls, respectively.

Media/Growth Conditions: Cells were grown in RPMI 1640

medium supplemented with 10% horse serum, L-glutamine,
sodium pyruvate, antibiotics, and pluronic solution.
Cloning medium was growth medium with the addition of agar
(0.35%): selection medium was cloning medium containing
3 pug/mL TFT. All cultures were maintained in a humidified
incubator at 37°C in 5% carbon dioxide.
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. ¢ The preliminary cytotoxi-
city assay was performed with a "wide range" of test
material doses, starting with either the highest soluble
concentration or a maximum applied dose of 5000 ug/mL;
lower doses were separated by twofold dilutions. Cells
(density not reported) were exposed to the test material
concentrations for 4 hours either in the presence or
absence of S9 activation. Following exposure, cells were
washed and resuspended in fresh growth medium, and cell
viability was determined the next day. Relative toxicity
was calculated and used to establish a dose range for the
mutation assay that included doses yielding 0 to 90%
cytotoxicity.

Mutation Assay: Cells seeded at 6x10°cells/tube were
exposed to the appropriate test material doses, solvent,
or positive controls with or without S9 activation for
4 hours. Cells were washed, resuspended in growth medium,
and reincubated for 2 days. Daily cell counts were
determined, and cells were diluted when appropriate to
maintain an optimal growth rate. At the end of the
exprassion period, at least five doses were chosen for
mutant selection. '

For mutant selection, 1x10% cells were seeded into tripli-
cate selection medium plates. The cloning efficiency (CE)
was determined by plating 200 cells/plate (in triplicate)
in cloning medium. After 10 to 14 days of incubation, TFT-
resistant colonies and the total number of viable cells
were counted; mutation frequencies (MF) were calculated.

va tio te

a. Assay Acceptability: For the assay to be considered
acceptable, the following criteria must be satisfied:
(1) the CE of the solvent control should be between 60
and 130%; (2) the average suspension growth of the
solvent control value must be at least 8x10°; (3) the
background MF of the soclvent control should range from
10x10°® to 100x10°%; (4) positive control values must be
within the reporting laboratory's historical range; (5)
the test material must be assayed to a dose that
reduces the relative growth to 10 to 20%; and (6) the
test material MF can be evaluated only if the relative
CE is >10% and the total number of viable clones
exceeds 60.
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b. Positive Response: The test material was considered
positive if it induced a dose-related increase in the
MF that was at least 150% of the concurrent background
frequency (solvent control) lus 10x10°.

C. REPQRTED RESULTS:

1. Preliminary G¢ytotoxicity Assay: Data were not raeported
from the preliminary cytotoxicity assay; the authors
stated, however, that test material doses >250 ug/mL were
insoluble in tissue culture medium. The authors further
indicated that 125 ug/mL of the test material both with and.
without S9 activation was lethal. Based on these rasults,
the highest dose selaected for tha nonactivated and 39-
activated mutation assays was 100 ug/mL.

2. Mutation Assay: 1In the nonactivated assays, the highest
dose (100 ug/mL}) was severaly cytotoxic. 35ix doses (10,
30, 40, 50, 60, and &0 ug/mL} were clonad for mnutant
selection. Percent relative suspension growth was dose
related and ranged from 18.6% at 80 ug/mL to 97.8% at 10
ug/mL. No appreciable increases in total mutant colonieg
or MFs were observed in cultures exposed to the six
nonactivated doses of copper naphthenate. Similarly, the
S9-activated test material (2.5, 20, 30, 40, 50, and 60
pg/mL) induced a dose-related cytotoxic effect, which
ranged from 18.1% relative suspension growth at 60 ug/mL
to >100% survival at 2.5 ug/mL, but was not mutagenic. By
contrast to the negative results for the test material, the
positive controls (0.25 and 0.40 pgL/mL EMS -S9 and 2.5 and
4.0 ug/mL 3-MCA +S9) induced clear mutagenic responses.
Based on these findings, the study authors concluded that
copper naphthenate was not mutagenic in the mouse lymphoma
forward mutation assay. Representative results from the
nonactivated and S9-activated assays are presented in
Table 1.

D. REVIEW * DIscC ON NTERP ATIO ULTS:

We assess that the study was properly conducted and that the
study authors' interpretation of the data was correct. Under
both nonactivated and S9-activated conditions, copper naph-
thenate was assayed to cytotoxic levels with no indication of
a mutagenic effect. It was noted, however, that the results
of this mouse lymphoma assay were not in agreement with the
findings of a subsequent mouse lymphoma assay performed at
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another laboratory (see DER 250B; Kirby et al.; August
19, 1988; MRID No. 411407=-02). The study conducted by Kirby
et al. indicated that comparable dose ranges of copper
naphthenate (10 to 100 ug/mL -S9 and 1 to 50 ug/mL +59) induced
cytotoxic effects (i.e., <20% cell survival at doses 275 ug/mL
-S9 and at doses >40 ug/mL +S9), an equivocal mutagenic effect
under nonactivated conditions, and a dose-dependent mutagenic
response over a narrow S9-~activated concentration range (20 to
40 ug/mL). Other differences noted in these studies were the
physical description of the test material (green solid in the
currently reviewed assay and a viscous black liquid in the
study of Kirby et al.), the solvents (absolute ethanol in the
currently reviewed assay in contrast to acetone in the Kirby
et al. study), and the concentration of S9 in the S9-cofactor
mix (10% in the reviewed study; 25% in the study of
Kirby et al.). Neither study provided information on the
purity of copper raphthenate; therefore, the impact of test
material purity on these conflicting results cannot be
assessed. Both studies were performed in an acceptable manner.
However, because of the lack of agreement between independently
performed assay results, the physical differences among test
samples, and the use of different solvents and different
concentrations of S9, we are unable to determine which of the
two assays represents a valid assessmant of the potential
mutagenic activity of copper naphthenate. It is, nevertheiess!
conceivable, that while copper naphthenate was soluble in both
acetone and DMSO, mutagenic impurities that may have been
present in the sample dissolved in DMSO were highly soluble in
this solvent.

ualit uranc ea s: A quality assurance statement was
signed and dated November 24, 1985.

CBI Appendix, Appendix A, Materials and Methods, CBI pp. 3-11l.
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1X.

STUDY DATES:.

A.
B.

Inft{ation Date: July 30, 1985
Completion Date: October 30, 1985

SUPERVISORY PERSORNEL: -

A.
8.

Study Director: Maria A, Cifone, Ph.D.

Laboratory Supervisor: Violeta V, Balinas

MATERIALS:

A.

B.

3 Litton Blonetics , 3

Indicator Célls

The mouse lymphoma cell Vine, L5178Y TK'/. = 3.7.2C, used in this
assay was derived from the Fischer L5178Y line of Dr. Donald Clive.
Stocks are maintained in liquid nitrogen and laboratory cultures
are perfodically checked for the absence of mycoplasma con-
tamination by culturing methods. To reduce the negative control
frequency (spontaneous frequency) of TK-/- mutants to as low a
level as possible, cell cultures are exposed to conditions which t
select 2gainst the TK-/- phenotype (exposure to methotrexate) and
are then returned to normal growth medium for three to eight days
before use, '

Media

The cells are maintained 1n RPMI 1640 medium supplemented with
pluronic solution, L-glutamine, sodium pyruvate, antibiotics, and
horse serum (10% by volume}. Cloning medium consists of the
preceding growth medium with the addition of agar to a final
concentration of 0.35% to achieve a semisolid state. Selection
medium is cloning medium containing 3 ug/ml of TFT.

Control Compounds

1. MNegative Control Articles

In all cases, the negative control article is the solvent used
in the assay. Three solvent controls are included in each
assay. In the place of the test material in the solvent
controls, an equivalent volume of the solvent of choice is
included in the assay mixture (the final concentration of orga-
nic solvent in the growth medium {s no more than 1%}. For test
substances assayed with activation, the solvent controls
include the activation mixture,
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IX. MATERIALS: (continued)

c.

Control Compounds (continued)

2. Positive Controls

Ethylmethane sulfonate_(EMS) {s highly mutagenic via alkylation
of cellular ONA and is used at 0.25 to 0.5 ul/ml as a positive
control for nonactivation studies.

3-Methylcholanthrene (MCA) requires metabolic activation by
microsomal enzymes to become mutagenic and {$ used at 1.0 to
4,0 ug/ml as a positive control for assays performed with acti-
vation,

X. EXPERIMENTAL DESIGN:

A,

8.

3 Litton Bionetlics _ 4

Solvent Selection

The solvent of choice for Copper Naphthenate in this assay {s
absolute ethanol, Glass tubes and pipets are used for all test
chemfcal stock solutions. Test chemical stocks are not stored

but are prepared fresh for each mutagenesis experiment. Unless t
specified by the client, tne test material is assayed at a pH bet-
ween 7.0 and B8,0. Heutralization with HC1 or NaOH {is performed {f
necessary to maintain the desired pH range. Mouse lymphoma
cultures and plates are labeled according to SOP Mo. 509.

Dose Selection

After the selection of a suitable solvent, a preliminary
cytotoxicity experiment is performed to establish an appropriate
concentration range for the mutation experiment, This study fis
performed both with and without $9 activation since substantial
shifts in toxicity often occur for the two test conditions. A wide
range of test article concentrations s tested for cytotoxicity,
starting with the highest soluble concentration or a maximum _
applied dose of 5 mg/ml {or 5 pl/ml) for watersoluble articles or 1
mg/m} {or 1 ul/ml) for articles in organic solvents and followed by
two-fold dilution steps. After an exposure time of 4 hours at
37°C, "the cells are resuspended {n growth medium and incubated for
24 hours, using procedures identical to those for the mutation
experiments. A cell count 1s determined after the 24-hour period
to measure the reduction in cell growth relative to the solvent
control cell cultures. Usually 7 to 12 doses are then selected for
the mutation experiments, using the following criteria:

iud



X. EXPERIMENTAL DESIGN: (Continued)

B. Dose Selection (continued)

o Concentrations are chosen in appropriaste steps to cover
a toxicity range from little or no survival to 80-100%
growth compared to the solvent control, or

e If little or no toxicity is obsarved and solubility fis
maintainad, the mutation experiment is routinely initi-
ated with a maximum concentration of 5 mg/m} (or 5 ul/ml),
If {nsolubility occurs at concentrations less than 5 mg/ml
(or 5 pl/ml) then the maximum concentration i{s 1 mg/ml! (or
1 y1/ml) or the limits of solubility, whichever {s highest,

o For insoluble test materials, a range of concentrations that
is practical is assayed.

Although seven (or more) doses may be selected to initfate a
mutation experiment, the objective 15 to carry five doses through
the entire experiment, This procedure compensates for daily
varfations in cellular toxicity and helps to ensure the choice of
at least four 4 doses appropriately spaced in the relative growth
range of approximately 10-100%. )

C. Mutagenicity Testing

1. HKonactivation Assay

The assay procedure used {s based on reports by Clive and
Spector (1975) and Clive, et al, (1979). The cells for the
experiment are obtained from Togarithmically growing laboratgry
stock cultures and are seeded into a series of tubes at 6x10
cells per tube. The volume during treatment with the test che-
mical and throughout the expression period {s 10 ml per tube
and 20 ml per tube respectively., The dosed tubes are placed in
2 37£2°C shaker incubator for an exposure period of 4 hours,
Afterwards, the cells are washed twice, resuspended {n growth
medium and returned to the incubator.

The  appearance of the treated cultures (precipitate formation,
oil separation, pH change) is recorded at the time of treat-

ment; any changes over the four-hour treatment period are also
noted,

16U

Litton Bionetics _ S



Xe EXPER!MENTAL DESIGN: (Continued)

C. HMutagenicity Testing {continued)

1. Nonactfvatfon Assay (continued)

itton Blonetics

A standard expression period of two days s used to allow
recovery, growth and expression of the TK-/- phenotype. Cell
densities are determined on Day One_(about 24 hours after
treatment) and are adjusted to 3x10° cells/ml to maintain
optimal growth [ates. If the cells fail to multiply to a
density of 4x107/ml, the cultures are returned to the {ncubator
without being diluted. On Day Two, cell counts are again
determined, and appropriate cultures are selected for cloning
and mutant selection.

Five doses are usually selected for mutant analysis to include
a wide range of toxic action so that moderately toxic treat-
ments (approximately €0% relative growth or greater) and highly
toxic treatments (approximately 10-20% relative growth) are
represented, {f pogsible. Tubes with cell densities less than
approximately 3x10° cells/ml are not considered for analys‘ls.t
Each tube culture selected for analysis {s sampled to obtain
cells for exposure to the selection agent and to determine the
clon&ng effictency of the population. A total sample size of
3x10” cells 1s suspended in selection medium to select for
mutants. This sample {s distributed into three 100 mm dishes
s0 that each dish contafns approximately 1x10° cells. The
cloning efficiency is determined by serfally diluting the
sample and seeding each of three dishes with approximately 200
cells in cloning medium. All of the dishes are placed in a
3712°C incubator with approximately 5% CO,/humidified air for
colony development., After 10 to 14 days %n the incubator, the
colonies are counted with an electronic colony counter.

The mutant frequency is calculated by dividing the total number
of colonies in each set of three mutant selection dishes by the
total count in the set of three viable count dishes and
multiplying by 2x10™“. If one corresponding dish in either set
fs lost to contamination or another cause, the colony count on
the missing dish {s determined by a proportion equation based
on weights of the three selection dishes and tine colony counts
fn the two acceptable dishes. A mutant frequency calculated in
this manner is footnoted to indicate the possibility of a
spurious varfation,



X. EXPERIMENTAL DESIGN: (Continued)

C. Mutagenicity Testing (continued)

1. Honactivation Assay (continued) .
The measurement of the toxicity of each treatment {s the
relative suspension growth of the cells over the two-day
expressfon period multiplied by the cloning efficiency,
relative to the average solvent control., Although not
strictly a measure of cell survival, this parameter (called
percent relative growth) provides a measure of the effec-
tiveness of treatment and {5 used as the basis for selecting
doses for any necessary repeat trials,

2. Activation Assay

The activation assay is often run concurrently with the
nonactivation assay; hewever, ft s an independent assay
performed with {ts own set of solvent and positive controls.
The two assays are identical except for the addition of the

S9 fraction of rat liver homogenate and necessary cofactors ¢
(CORE) during the four-hour treatment period. The 10 ml ‘
volume during treatment includes this $9 activation mix which
is prepared just prior to use and kept on fce. CORE consists
of nicotinamide adenine dinucleotide phosphate (NADP, the
sodium salt) and {socitric acid. The $9 homogenate {s commer-
clally prepared and consists of the 9000 x g supernatant
prepared from Aroclor 1254-induced adult male rat livers.

Each batch of S9 {s checked for sterility and assayed for AHH
activity and protein content. HNormal activation of the MCA
positive control treatment must be achieved in the mouse
lymphoma assay before accepting a partficular batch for test
article screeninyg.

D. Assay Acceptance Criteria

An assay will normaily be considered acceptable for evaluation of
the test results only if all of the criterfa given below are
satisfidéd, The activation and nonactivation portions of the muta-
ticen assays are usually performed concurrently, but each portfon is
in fact an independent assay with its own positive and negative
contrals. The activation or nonactfvation assays will be repeated
independently, as needed, to satisfy the acceptance and evaluation
criteria.

on Bionetlcs 1
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X. EXPERIMENTAL DESIGN: {Continued)

D. Assay Acceptance Criteria (continued)

1.

3.

on Bionetics

The average absolute cloning efficiency of the negative
controls {average of the solvent controls) should be between
601 and 130%. A value grea2ter than 100X is possible because of
errors in cell counts (usually £ 10%) and cell division during
unavoidable delays between the counting and cloning of many
cell cultures. Cloning efffciencies below 60% do not
necessarily iIndicate substandard culture conditions or
unhealthy cells. Assay variables can lead to artificially low
cloning efficiencies 1n the range of 50% to 60% and still yleld
internally consistent and valid results. Assays with cloaing
efficiencies in this range are conditionally acceptable and
dependent on the scientific judgement of the study director.
A1l assays below S50% cloning efficiency are unacceptable.

The minimum acceptable value for the suspension growth of the
average negative control (average of solvent and untreated
control values) for two days is 8.0. Lower values will render
an assay unacceptable for evaluation because of the high fre-
quency cf unreliable measurements for both the induced mutantt
frequency and toxicity of a given tredtment,.

The background mutant frequency {average frequency of the
solvent controls) is calculated separately for concurrent acti-
vation and nonactivation assays, even though the same popula-
tion of cells is used for each assay. The activation negative
controls contain the S9 activation mix and typically have a
somewhat higher mutant frequency than the nonactivation nega-
tive controls. For both conditions, the norms! range of
background frqugncies for azsays performed with different cell
stocks 1s 10x107" to 100x10™°. Assays with backgrounds outside
this range are not necessarily invalid but will not be used as
primary evidence for the evaluation of a test material, These
assays can provide supporting evidence.

A positive control i{s included with each assay to provide
confidence in the procedures used to detect mutagenic activity,
The minimun acceptable mutant frequeECy induced by 0.3 yl/ml
EMS (nonactivation assay) is 200x107°; for 2.5 ug/m}- MCA
(activation assay) the minimum {s 200x10°°. An assay is accep-
table {n the absence of a positive control (loss due to con-
tamination or technical error) only if the test article clearly
shows mutagenic activity as described in the evaluation cri-
teria, [f the test article appears to have no, or only weak,
mutagenfc activity, an acceptable assay must have a positive
centrol mdtant frequency above the minimum,

S
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X. EXPERIMENTAL DESIGN: (Continued) .

.D. Assay Acceptance Criteria (continued)

5., For test articles with little or no mutagenic activity, an
assay should include applied concentrations that reduce the
relative growth to 10 to 20% of the average solvent control or
reach the maximum applied concentrations given in the eva-
luation criteria. The relative growth represents a calculation
of survival that is based on both relative suspension growth
during the expression period and relative cloning efficiency at
the time of plating., Because of the fact that mutant frequen-
cies increase as a function of lethality, an attempt to obtain
treatments in the range of 10 to 20% relative growth must be
made for an assay to be considered conclusive., This require-
ment is waived if a dose increment of about 1.5 or less causes
excessive toxicity., There is no maximum toxicity requirement
for test articles which clearly show mutagenic activity.

6. An experimental mutart frequency will be considered acceptable
for evaluation only if the relative cloning efficliency is 10%
or greater and the total number of viable clones exceeds about
60. These limits avoid problems with the statisticail distribg-
tion of colonfes that can be scored among dishes.

7. Mutant frequencies are normally derived from sets of three
dishes for both the mutant colony count and the viable colony
count, In order to allow for contamination losses, an accep-
table mutant frequency can be calculated from a minimum of two
dishes per set if the colony numbers in the two dishes differ
by no more than about three-fold.

8. The mutant frequencies for five treated cultures are normally
determined in each assay. A required number of different con-
centrations cannot be explicitly stated, although a minimum of
three analyzed cultures is considered necessary under the most
favorable test conditions to accept a single assay for eva-
luation of the test material.

£. Assay Evaluation Criteria

Hutatien assays are initiated oy exposing cell cultures to a range
of concentrations of test material that is expected, on the basis
of preliminary toxicity studies, to span the cellular rasponses
from no observed toxicity to growth to complete lethality within 24
hours of treatment. Then five dose levels are usually selected for
completion of the mutation assay. The doses are selected to cover
a range of toxicities to growth with emphasis on the most toxic
doses. An assay may need to be repeated with different con-
centraticons in order to properly evaluate a test material,

LItton Bionetics : 9




X. EXPERIMENTAL OESIGN: (Continued) S IR

E. Assay Evaluation Criteria (coniinued)

The minimum criterion considered necessary to demonstrate
mutagenesis for any given treatment will be a mutant frequency

that 12 at least 150% of the concurrent backgrour~: frequenty plus
10x10"°, The background frequency {s defined as the average mutant
frequency of tie solvent negative controls. The minimum {ncrease
fs based on extensive experfence which indicates that assay
varfability increases with higher backyrounds and the calculated
minimum increase as defined above is often a repeatable result;
statistical analysis for the confidence limits {s not yet
avatlable, , :

The observation of a mutant frequency that meets the minimum
critericn for a single treated culture within a range of assayed
concentrations {s not sufficient evidence to evaluate a test
material as a mutagen. The following test results must be obtained
to reach this conclusion for either activation or nonactivation
condittons:

e A dose-related or toxicity-related increase in mutant frequenéy
should be observed. [t 1s desirable to obtain this relation
for at least three doses, but this depends on the concentration
steps chosen for the assay and the toxicity at which mutagenic
activity appears.

e If an increase of about two times the minimum criterion or
greater is observed for a single dose near the highest testable
toxicity, as defined in the Assay Acceptance Criteria, the test
material will be considered mutagenic. Smaller {ncreases at a
single Jose near the highest testable toxicity will require
confirmation by a repeat assay.

e For some test materials, the correlation between toxicity and
applied concentration is poor. The proportion of the applied
naterial that effectively interacts with the cells to cause
genetic alterations 1s not always repeatable or under control.
Conversely, measurable changes in frequency of induced mutants
may occur with concentration changes that cause only small
changes {n observable toxicity. Therefore, either parameter,
applied concentration or toxicity (percent relative growth),
can be used to establish whether the mutagenic activity is
related to an increase in effective treatment. A negative
correlation with dose is acceptable only if a positive correla-
tion with toxicity exists. An apparent iancrease in mutagenic
activity as a function of decreastng toxicity is not acceptable
evidence for mutagenicity.

e Treatments that induce less than 10% relative growth are
included in the assay, but are not used as primary evidence for
mutagenicity as it relates to risk assessment,

Litton Bionetics 10




X. EXPERIMENTAL DESIGN: (Continued)

€. Assay Evaluation Criteria (continued)

A test article is evaluated as nonmutagenic in a single assay only

{f the minimum increase in mutant frequency {s not obsarved for:

1) a range of applied concentrations that extends to toxicity

causing 10 to 20% relative growth or 2) fn the case of relatively -
nontoxic materials, a range of spplied concentrations routinely
extending to the maximum of 5 mg/ml (or 5 pi/ml) unless limited by
solubilfty,

The ASSAY ACCEPTANCE AND EVALUATION CRITERIA are presented to
acquaint the sponsor with the considerations used by the Study
Director to determine assay validity and the mutagenic activity of
the test materfial. This presentation may not encompass all test
situations, and the Study Director may use other criterfa, espe-
cially when data from several repeat assays are available, to
arrive at & conclusion. The report will provide the reasoning
{nvolved when departures rfrom the above descriptions occur,

XI. [INTERPRETATION OF RESULTS:

The test material, Copper Naphthenate, formed dn opaque blue-green
11quid in absolute ethanol at 100 mg/ml. Just prior to each assay,
stock solutions were prepared by performing serial dilutions in abso-
lute ethanol, The cytotoxicity and mutation assays were then {nitfated
by performing final 1:100 dilutions of the stocks into medium con-
taining the cells. The test material appeared soluble in the assay
medium up to 125 ug/ml but treatments from 250 ug/ml to 1000 ug/m) were
cleudy and contained a dlue-green precipitate, 1In the preliminary
cytotoxicity assay assay, the test material was lethal with and without
metabolic asctivation at 125 yg/ml, The mutation assays were therefore
initiated with treatments from 0,625 pg/ml to 100 ug/ml in an attempt
to obtain & wide range of toxicities for analysis.

Ore trial of the mutation assay was performed and the results are shown
fn Table 1,

Under nonactivation conditions (Table 1}, the test material was
excessively toxic at 100 pg/ml (data not shown). Six treatments from
10 yg/ml to B0 pg/ml were therefore chosen for mutant analysis and a
good range of toxicities were induced (percent relative growths, 83.5%
to 18.1%). MNone of the assayed treatments induced a mutant frequ%ncy
that exceeded the minimum crfiterion for mutagenesis of 75.5 X 10°°,

The test material was therefore considered nonmutagenic without activa-
tion in this assay.

E Litton Bionetics 1
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¢ X Coppar naphthenate was assayed
without metabolic activation over a dose range of 25 to 100 ug/mL..
Cyfotoxicity ‘was apparent at the highest assayed dose, but no
'idrnce of a clastogenic effect was seen in Chinese hamster ovary
e .ells harvested at 10 hours. In the presence of S9 activa-
Lo loses of the test material ranging from 6 to 40 ug/mL were
. .~ o astogenic following a 10-hour cell harvest. The highest
as:. ;2d dose, however, was cytotoxic. The S9-activated test
material (30 to 60 ug/mL) was also evaluated for chromosome damag:
following a delayed 20-hour cell harvest. Results indicated that
copper naphthenate at doses 240 pug/mL +59 induced cytotoxic effaects
but was not clastogenic. However, the study did not contain
information on test material purity, the lot number of the assay
sample was not reported, and analytical data to support actual
concentrations in solution were not provided.

: The study {s unacceptable but can be
upgraded if the missing test material information is provided.

A. MATERIALS:
1. Test Material:

Name: Copper naphthenate

Description: Dark green solid i t
Batch No.: Not reported

Purity: Not reported

Contaminants: None listed

Solvent Used: Ethanol (ETOH)

Other comments: Storage conditions were not provided.
Solubility studies were conducted with water, dimethylsul-
foxide, ETOH, and acetone; based on these results, ETOH was
selected as the solvent of choice. The report indicated
that the test material formed a green solution in ETOH at
253 mg/mL after 15 minutes in a 37°C water bath and formed
a fine precipitate in culture medium (McCoy’s 5a medium)
at a concentration of 500 ug/mL. The initial range-finding
assay, therefore, was conducted with doses of the test
material ranging from 0.0167 to 500 ug/mL.

2. Cells Line: The Chinese hamster ovary cells (CHO~WBL) used
in this-assay were originally obtained from Dr. Sheldon
Wolff, University of California, San Francisco, CA. The
CHO cells were grown in McCoy’s 5a medium, supplemented
with 10% fetal calf serum, for 24 hours prior to use.

3. 89 Fraction: The S9 fraction was derived from the livers
of male rats induced with Aroclor 1254. The 89 reaction
mixture contained 15 pulL/mL rat liver S9.

4. Positive Controls: The following clastogenic agents were
included in the assay.
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Dose $9

Positive Control - Suglol) Activation Assay

Mitomyein C (MMC) 0.25 - Preliminary Cytotoxicity
Assay

Cyclophosphamide (CP) 20.0 + Preliminary Cytotoxicity
Assay

MMC 0.5, 1.0 - Cytogenetic Assay; 10-hour
harvest

ce 12.5, 17.5 + Cytogenetic Assay; 10-hour
harvest

cp 25.0, 50.0 + Cytogenetic Assay; 20-hour
harvest

NOTE: Cells exposed to only one of the two doses of each positive control

used in the nonactivated and S9%9-activated cytogenetic assays were
analyzed for chromosome aberrations.

B. STUDY DESIGN:

1. Preliminary Cytotoxicity Assay: Prepared cell cultures,

seeded at 0.3x10° cells/flask, were exposed with or without
$9 activation to half-log dilutions of the test material
ranging from 0.0167 to 500 ug/mL, the solvent control, or
the positive controls.

In the nonactivated system, cells were treated for 2 hours;
BrdU (10 uM) was added to the cultures, and incubation was
continued for an additional 23 hours. Cell monolayers were
washed, refed with fresh complete medium containing Brdu,
and reincubated in the presence of 0.1 ug/mL colcemid for
2.5 hours. In the Ss9-activated system, cultures were
exposed for 2 hours without FCS. After exposure, cells
were washed twice, refed with complete medium containing
BrdU (10 -+M), and reincubated for 23 hours. Cclcemid was
added, and cultures were incubated for an additional 2.5
hours. ’

After incubation, monolayers were visually evaluated for
confluency, and metaphase cells were collected by mitotic
shake off. Cells were swollen in a hypotonic 0.075 M
solution of potassium chloride and washed three times in
fixative (methanol:acetic acid, 3:1), and slides were
prepared. Estimation of cell-cycle delay was accomplished
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by staining the cells with the modified fluorescent:plus-
Giemsa techniques of Perry and Wolff! and Goto et al.? oOne
hundred cells from each culture were examined for the
percentage of first division (M,), between first and second
(M,,) divisions, and beyond second (>M,;) division metaphase
cells.

2. Cytogenetics Asgssay:

2. fTreatment: Prepared cultures (in duplicate) were
exposed to the appropriate test material doses, the
negative control, or the positive controls. 1In the
nonactivated system, cells were dosed for 7.25 hours.
Cultures were washed, refed medium containing colcenid,
and reincubated for approximately 2.5 hours. Under S9-
activated conditions, cells were exposed for 2 hours,
washed, refed culture medium, and incubated for 7.9 or
16.9 hours. Colcemid was added 2.5 hours before the
cultures were harvested.

Metaphase cells werc collected and fixed. Slides were
stained and coded.

b. Metaphase Apnalysis: One hundred morphologically normai
cells per culture were scored for chromoson
aberrations. At least 25 cells were scored from one of
each positive control culture.

3. Statistical Methods: The data were evaluated for statisti-
cal significance at p $0.05 by Fisher’s Exact test.
Negative and solvent control values were statistically
evaluated: results were pooled if no significant differ-
ences were observed.

4. Evaluation Criteria: No criteria to establish assay
validity or a positive response were presented. The
biological significance of the results was evaluated
relative to the overall chromosome aberration frequencies,
percentage of cells with aberrations, percentage of cells
with >1 aberration, dose response, and the types of
aberrations observed.

'Perry, P. and Wolff, S. New Giemsa method for the
differential staining of sister chromatids. Nature (1974) 251:
156~158.

’Goto, K., Maeda, S., Kano, Y., and Sugiyama, T. Factors
involved in differential Giemsa-staining of sister chromatids.
Chromosoma (1978) 66: 351-359.
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, 3 \ssay:! The cytotoxicity assay was
conducted with test doses ranging from 0.0167 to 500 ug/mL
separated by half-log dilutions, in the presence or absance
of S9 activation.

a. Hithout S9 Activation: No c¢elis survived treatment
with the two highest assayed doses (167 and 500 ug/mL):
at 50 ug/mL, monolayer confluency was slightly reduced
(75% of the control); however, there was no effect on
cell-cycle kinetics (Table 1). Doses selected for the
nonactivated cytogenetic assay ranged from 5 to 100
ug/mL with a "regular" 10-hour cell harvest.

b. uith 59 Activation: Cytotoxicity was complete (100%)
at the two highest S9-activated doses. Cell-cycle
delay with adverse effects on the confluency and the
appearance of the monolayer were apparent at 50 ug/mL.
Below this level, mcnolayer confluency and progression
through the cell cycle were essentially normal
{Table 1). Based on these data, a dose range of 4 to
40 ug/mL was selected for evaluation in the 10-hou
cell harvest assay, and a dose range of 40 to 80 ug/mE
was assayed with a delayed 20-hour harvest time.

2. gCytogenetic Assay:

a. Nonactivated Test Materjal: The report stated that a
reduction of mitotic cells and the presence of cellular
debris were observed in cells harvested from cultures
exposed to the highest nonactivated dose (100 ug/mL).
Metaphases were examined from the 25-, 50-, 75-, and
100~ug/mL dose levels. No significant increases in the
number of aberrations per cell, percent cells with
aberrations, or the percent cells with >1 aberration
were seen (Table 2).

Our reviewers noted the occurrence of chromosome-type
aberrations (dicentrics) at all scored nonactivated
leveéls. In the absence of a clear increase in
chromatid-type aberrations, however, this finding
cannot be interpreted as evidence of potential
clastogenic activity.

b. SS-Activated Test Materjal: At the 1l0-hour harvest
interval, no cells were recovered from the 40-ug/mL
dose level. Analysis of metaphases from cultures
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TABLE 1. Results from the Preliminary Test for Delay of
Cell-Cycle Progression with Copper Naphthenata

Monolayar
Dose/ 59 % Colls® Confluency
substance mL Activation H, M. >M; (%)
Nogative Control
Culture Mediun -- - 2 1 97 100
.- + 2 S 93 100
99]v
Erhanol 10.0 uL - 1 g 90 100
+ - 2 98 100
Pgﬂisivg QQDSKQ]
Mitomycin C . 0.25 ug . 96 4 - 88
Cyelophosphamide 20.0 ug + 14 70 16 86
fest Magorial
Copper naphthenate 50.0 g . .11 89 75 '
16.7 ug + - 7 93 86
50.0 pg’ + 2 76 . 29

'Percent cells in first division (M;), between first and second (M(,) divisions,
or beyond second division (OM,;).

’Higher doses (167 and 500 pg/ml) with or without S9 activation were completely
cytotoxlc,

‘Resules for lower doses (5.0 and 16.7 pg/mlL -S9 or 5.0 pg/mL +59) showed no
appreclable effect on monolayer confluency or cell-cycle kinetics.
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treated with 6, 8, or 20 ug/mL of the test material did
not reveal any significant differences among treatment
and pooled negative control groups (Table 2). The
report stated that while the delayed 20-hour harvest
assay was repeated because of fungal contamination,
evidence of sevaerae cytotoxicity at 40, 60, and 80 ug/mL
prompted the use of lower dosaes (32, 40, 50, and
60 ug/mL) in the third assay. Due to cytotoxicity at
levels 240 pg/ml, metaphases wara examined only at the
low dose. Results presented in Table 2 indicated that
exposure to 30 ug/mL +S9 did not induce significant
increases in chromosome aberrations.

Under the nonactivated conditions and the S9-activated
conditions, which included a 10-hour and 20-hour cell
harvest, the sensitivity of the test system to detect the
clastogenic activity of the appropriate positive control
was clearly demonstrated. From the results, the study
authors concluded that copper naphthenate was not clasto~
genic in this mammalian cell cytogenetic assay.

BEVIEWERS! DISCUSSION AND INTERPRETATION QF STUDY RESULTS:

We assess that the study was properly conducted and that thd
authors interpreted the data correctly. In both the presence
and absence of S9 activation, copper naphthenate was assayed
up to cytotoxic levels with no indication of a clastogenic
effect. By contrast, both the nonactivated and S9-activated
positive controls induced significant (p $0.01) increases in
chromosome aberrations, indicating that the sensitivity of the
assay to detect a clastogenic response was adequate.

The study is, however, incomplete. No information on test
material purity, the 1lot number of the assay sample, or
analytical data to support actual concentrations used in the
study was provided. We conclude, therefore, that while the
study was technically sound, the lack of required test matarial
information renders the study unacceptable. However, if the
study authors provide the missing test material information,
the study can be upgraded.

QUALITY ASSURANCE MEASURES: A quality assurance statement was
signed and dated November 15, 1985.

CBI APPENDIX: Appendix A, Materials and Methods, CBI pp. 2-6.
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In vitro Chromosomal Aberration Assay with Copper Naphthenate 5/8/85

——————

1. SPORSOR: U.S. Army
11. MATERIAL TESTED
A. Client's ldentification: Copper Kaphthenate 5/8/85
B, Genetics Assay No.: 8022
C. Date Received: May 17, 198BS
D. Physical Description: Dark green solid
111. TYPE OF ASSAY: In Vitro Cytogenetic Assay Measuring Chromosomal

Aberration Frequencies fn Chirese Hamster Ovary
(CHO) Cells

IV. PROTOCOL NO.: 437, Edition 10
V. STUDY DATES:
A. Initiation Date: June 24, 1985
8. Completion Date: September 6, 1985
VI. SUPERVISORY PERSONNEL:
A. Study Director: James L. Ivett, Ph.D.
8. Laboratory Supervisor: Carol S. Spicer
VIl. OBJECTIVI:

The objective of this in vitro assay was to evaluate the ability of
Copper Naphthenate 5/8785 to induce chromosomal aberrations in
Chinese hamster ovary {CHO) cells, with and without metabolic activa-
tion,

VIII., EXPERIMENTAL DESIGN:
In this assay a rangefinding study was st conducted 1) to determine
the dose range to be used in the chromosumal aberrations assay and 2)
to determine the optimal time of harvest of the dosed cells such that
primarily metaphase cells which were in the first metaphase since expo-
sure to the test article would be analyzed for chromosomal aberratians,
The doses used in the rangefinding assay ranged from 16.7 ng/ml of the
test article solution through 5C0 ug/ml in a half-iog serfes. The
highest three surviving doses from both the nonactivation and activa-
tion trials were then analyzed for toxicity (visual observations of
monolayer conflueace) and cell cycie kinetics. The doses and harvest
times to be used in the nonactivation and activation assays were then
determined,

Lition Bionetics 2
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VIll. EXPERIMENTAL DESIGN: (Continued)

In the chromosomal aberrations assays duplicate cultures were used at
each dose level, Single cultures were used for the negative control,
solvent control and at each of two doses of the positive control,
Chromosomal aberrations were analyzed from the four highest doses from
which results could be obtained and from only one of the positive
control doses,

1x. MATERIALS AND METHODS:
A. General

The Chinese hamster ovary cells (CHO-WBL) used in this assay were from
a permanent cell line and were originally obtained from the laboratory
of Dr. S. Wolff, University of California, San Fran¢isco. The cells
have since been recloned to maintain karyotypic stability, The CHO
cells were grown in McCoy's 5a which was supplemented with 10% fetal
calf serum ?FCS). L-glutamine, penicillin and streptomycin,

The positive control agents «hich were used in the assays were
Mitomycin C (MMC) for the nonactivation series and cyclophosphamide
(CP) in the metabolic activation series. In the rangefinding assay
doses of MMC (250 n?/mI) and CP (20 yg/ml) were selected which would
slow the rate of cellular proliferation. In the chromosomal aberratfon
assays two concentrations of MMC (500 ng/ml and 1 ug/ml) and CP (12.5
ug/ml and 17.5 ug/ml, 10 hour harvest or 25 ug/ml and 50 yg/m1, 20 hour
harvest) were used to induce chromosomal aberrations in the CHO cells
although only one dose was actually analyzed in each of the aberration
assays.

In the nonactivation assays the cells were exposed to the test article
continuously until approximately 2.5 hours prior to the harvest of the
cells, At that time the test article was washed from the cells and the
zells were treated with colcemid for the remainder of the culture
period to accumulate cells in metaphase.

In the metabolic activation assays the CHO cells were exposed to the
test article for two hours in the presence of a rat liver S9 reaction
mixture (S9 15 y1/m), NADP 1.5 mg/m}, Isocitric acid 2.7 mg/ml). The
S9 fraction was derived from the liver of male rats which had been pre-
viously treated with Aroclor 1254 to induce the mixed function oxidase
enzymes which are capable of metabolizing chemicals to more active
forms, At the end of the test article exposure interval the test
article and the 59 activation mixture were washed from the cells, The
cells were then recultured with complete culture medium and incubated
for the appropriate interval of time., Colcemid was added to the
cultures approximately 2.5 hours before the termination of the
cultures,

E Litten Bionetics 3
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1X. MATERIALS AND METHODS: (Continued)

Prior to the harvest of the cultures visual observations of toxicity
were made, These observations included an assessment of the percent
confluence of the ceil monoiayer within the culture flasks. The
cultures were a'so evaluated for the presence of mitotic {large rounded
cells) or dead ccVls floating in the medium, Only flasks from the
highest four to s.x surviving doses from which metaphase cells for ana-
lysis were expected were harvested, The metaphase cells were collected
by mitotic shake-off and were treated with 0,075 M KC1 hypotonic soly-
tion. The cultures were then fixed with an absolute met%anol:g]acial

acetic acid (3:1) fixative and were washed several times before afr-
dried slides were prepared.

8. Rangefinding Assays

In the nonactivation rangefinding assay the cultures were setsup
approxima§e1y 24 hours prior to treatment by seeding 0.3 x 10° cells
per 25 cm® flask into 5 ml of complete McCoy's 5a medium. The cultures
were then dosed with the test article as has been described in the
General Methods section. However, in the nonactivation trial
S-bromo-2*' -deoxyuridine (BrdUrd) was added at a final concentration of
10 yH approximately 2 hours after the initial exposure of the cells to
the test article and the cultures were reincubated for an additional 23
hours. The test article was then washed from the cells with phosphate
buffered saline and fresh complete medium with 8rdUrd (10 uM) and
colcemid (0.1 ug/ml) was added, The slides were then harvested as pre-
viously described and were differentially stained for the analysis of
cell cycle delay using a modified fluorescent-plus-Giemsa (FPG) tech-
nique (after Perry and Holff, 1974, Goto, 2t.al., 1978). The slides
were stained for 10 minutes with Hoechst 33258 (5 ug/ml) in a pH 6.8
phosphate buffer, were mounted in the same buffer and were exposed at
55° - 60°C to "blacklight® from two 15 Watt fluorescent bulbs for the
amount of time required for the differentiation of the 8rdUrd incor-
porated sister chromatids (about 3-5 minutes). The slides were then
stained in a 5% Giensa solution for 5 to 20 minutes and were air-dried
and coverslipped using Depex mounting medium,

In the rangefinding assay with metabolic activation the CHO cells were
incubated at 37°C for 2 hours in the presence of the test article and
the 59 reaction mixture in the growth medium without FCS. After the
exposure period the cells were wached twice with buffered saline.
Complete McCoy's 5a medium with 10 M BrdUrd was then added to the
cultures which were then incubated for an additional 23 hours when 0.1
ug/ml colcemid was added to collect metaphase cells, The cultures were
then harvested and slides were prepared and stained as was described
for the nonactivation rangefinding assay.

One hundred consecutive metaphase plates were assessed for the number
of cell cycles through which the cells had progressed vhile in the pre-
sence of BrdUrd.

Litton Bionetics
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1X. MATERIALS AND METHODS: (Continued)

€. Chromosomal Aberrations Assays

One day after culture fnitiation, the CHO cells to be used in the
nonactivation trial were treated with the test article at_ predetermined
doses for 7.25 hours, The cultures were then washed with buffered
saline, Complete McCoy's 53 medium containing 0.1 ug/ml colcemid was
placed back onto the cells, Two and one half hours later the cells

- - were harvested and air dried slides were made, The slides were then
stafned in pH 6.8 buffered 5% Giemsa solution for the analysis of chro-
mosomal aberrations.

The cultures that were treated under the conditions of metabolic acti-
vation were fncubated at 37°C for two hours in the presence of the test
article and the S9 reaction mixture in McCoy's S5a medium without FCS.
After the two hour exposure period the cells were washed twice with
buffered saline and the cells were refed with complete McCoy's 5a
medium, The cells were tncubated for an additional 7,9 hours or 16.9
hours with 0,1 ug/ml Colcemid present during the last 2,5 hours of
fncubation, The metaphase celis were then harvested and prepared for
cytogenetic analysis,

One hundred cells from each duplicate culture 2t four dose levels of
the test article and from eack of the negative and solvent control
cultures were analyzed for chromosomal aberrations. From one of the
posftive control cultures at least 25 cells were scored for chromosomal
aberrations. For control of bias, all slides except for the positive
controls were coded prior to analysis and were scored °blind", The
microscope stage location was recorded on the data sheets for those
cells in which aberrations were noted,

The following factors were taken into account {n the eva1uation of the
chremosomal aberrations data:

f. The overall chromosomal aberration frequencies.
if. The percentage of cells with any aberrations.

fii. The percentage of cells with more than one aberration,
iv. Any evidence for increasing amounts of damage with
increasing dose, i.e. a positive dose response.

v. The estimated number of breaks involved in the production
of the different types of aberrations which were observed,
f.e., complex aberrations may have more significance than
simple breaks.

LItton Blonetics 5
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IX. MATERIALS AND METHODS: (Continued)

Chromatid and isochromatid gaps if observed were noted in the raw data.
They were not, however, tabulated in the tables or considered in the
evaluation of the ability of the test article to induce chromosomal
aberrations since they may not represent true chromosomal breaks.,

Those cells with pulverized chromosomes also received special attention
when the data were tabulated., .Cells classified as PU, P+ or PC were

- considered to contain one aberration for statistical purposes, however,
a ">" is placed before the total number of aberrations per cell in the
tables to indicate that the value is a minimum number. A cell
classified as “GT" is considered to contain 10 aberrations for sta-
tistical purposes but a “>" is also included in the tables for this
classification to indicate that it is a minimum number,

Statistical analysis employed the Fisner's Exact Test with an adjust-
ment for multiple comparisons to compare the percentage of cells with
aberrations in each treatment group with the results from the pooled
solvent and negative controls (the solvent and negative controls were
statistically evaluated for similarity prfor to the pooled evaluation),
Test article significance was established where p<0.05. All factors as
stated previously were taken into account and the final evaluation of
the test article was based upon scientific judgement, t

X. RESULTS:

A. Solubility and Dose Determination

Solubility of the test article was determined for a concurrently con-
ducted LBI protocol 401, 1In that evaluation, the test article was
insoluble in water and DMSO at 100 mg/ml but soluble in acetone at 200
mg/ml. Soiubility was evaluated for the aterrations assay in ethanol
and acetone, In ethanol a green solution resylted at 253 mg/m} after
approximately 15 minutes in a 37°C water bath., ¥hen this stock was
diluted 1:100 in culture medium for an attempted final concentration of
2.5 mg/mi, the test article formed a green precipitate which adherred
to the plastic tube. Serial dilutions of this stock were performed and
subsequently diluted 1:100 into culture medium. At a diluted con-
centration of 500 yg/ml a fine precipitate formed which remafned in

an even supension. In acetone the test article formed a suspension of
0ily qlobuies at 498 mg/m)l and no further evaluation of this solvent
was performed. Ethanol was the solvent of choice with a top stock of
50 mg/ml, A dose range of 16.7 ng/ml through 500 yg/ml was tested in
the rangefinding assay.

B. Rangefinding Assay Without Metabolic Activation

In the rangefinding assay without metabolic activation there was
complete toxicity at 167 ug/ml and 500 ug/ml. Cell cycle kinetics were
aralyzed at 5.0 pg/ml through S0 ug/ml (Table 1). The test article
caused no significant cell cycle delay and a reyular harvest was
selected for the nonactivation aberrations assay. A dose range of 5.0
ug/mi through 100 yg/ml was tested.

Liiton Bionetics ” 5
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CONCLUSIONS/Executive Summary: Under the conditions of the assay,
seven doses of copper naphthenate, ranging from 0.1 to 25 ug/mL did
not induce an appreciable increase in the net nuclear grain counts
>f treated rat hepatocytes. Cytotoxicity was clearly demonstrated
it concentrations >25 ug/mL. It is concluded, therefore, that the
test material is inactive in the primary rat hepatocyte unscheduled
INA synthesis (UDS) assay. However, the lack of information on
zest material purity, the lot number of the assay sample, and
supporting analytical data to confirm actual test material
concentrations in solution praeclude full acceptance of the study.

-

study Clasgification: The study is currently unacceptable but can
>e upgraded if the missing test mater:al information can be
supplied by the sponsor.

‘. MATERIALS:

Name: Copper naphthenate
Description: Green solid
Batch No.: Not reported
Purity: Not reported

Contaminants: None listed
Solvent used: Absolute ethanol (ETOH)

Other comments: Storage conditions were not provided. The
report indicated that the test material
formed a blue-green solution in ETOH at
100 mg/mL and was soluble in culture
medium (Williams’ Medium E, WME) up to 100
pg/mL. Concentrations ranging from 250 to

- 1000 ug/mL formed a "blue-green gel“ in
WME. . Solutions used in the assay were
prepared immediately prior to use.

2. JIndicator Cells: Primary rat hepatocytes were obtained by
the ipn situ perfusion of the liver of an adult male Fischer
344 rat (150-300 g) purchased from Charles River Breeding
Laboratories, Inc.

3. cell) Preparation:

a. Perfusion Technigque: The liver was perfused with
Hanks’ balanced salts solution containing 0.5 mM EGTA
and Hepes buffer, pH 7.0, for 4 minutes and with 50-
100 u/mL collagenase in WME for 10 minutes. The liver
wag excised, removed to a culture dish containing WME
and collagenase, and mechanically dispersed to release
the hepatocytes.
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v 0 : 2 : Recovered
cells were centrifuged, resuapended in WME containing
serum ?nd dexamethasone, counted, and aliquoted
{0.5%x10° cells/3 mL WME) onto plastic coverslips. The
cultures were placed in a humidified, 37°c, s% co,
incubator for a 1.5- to 2-hour attachment period.
Unattached cells were removed; viable cells were refed
and established as monolayer cultures,

4. Positive Control: To demonstrate assay sensitivity to
detect UDS, 0.05 ug/mL 2-acetylaminofluorene (2-AAF) was
included as the positive control chemical.. .

1. Dose Selection: Initially, 15 concentrations of the test
material were assayed (1000~0.025 upg/mL in dilutions of
approximately twofold steps). When the viability estimate
was obtained (20-24 hours after treatment initiation), at
least six of these dcses were chosen for analysis of
nuclear labeling, starting with the highest dose that
resulted in a sufficient number of cells with intact
morphologies and proceeding to successively lower dosas.'

2. UDS Assay: ' .

a. Treatment: Five replicate, monolayer cultures ware
exposed to the selected doses of the test material,
negative control (ETOH), or positive control (2~AAF,

0305 ug/mL) for 18-19 hours in WME containing 1 uCi/mL
["H}thymidine. Treated monolayers were washed twice
with WME; two of the five replicates for each treatment
group were used to determine cytotoxicity. These
cultures were refed, reincubated, and monitored for
cytotoxicity at 20-24 hours posttreatment by trypan
blue exclusion.

b. UDS Slide Preparatiopn: The remaining cultures were
washed with medium containing 1 mM thymidine. Treated
hepatocytes, attached to coverslips, were exposed to
1% 86dium citrate for 8-10 minutes, fixed in acetic
acid:ethanol (1:3), dried, and mounted.

c. Preparation of Autoradiographs/Grain Development:
Slides were coated with Kodak NTB2 emulsion, dried for
7-10 days at 4°'C .n light-tight desiccated boxes,
developed in Kodak D-19, fixed, stained with Williams’
modified hematoxylin and eosin, coded, and counted.
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d. Grain cCountina: The nuclear grains of 150 morpho-
logically normal cells for each test dose and negative:
and positive controls were counted microscopically.
Net nuclear grain counts were detarmined by subtracting
the nuclear grain counts of each cell from the average
cytoplasmic grain count of three nuclear-sized areas
adjacent to each nucleus,

3. Evaluation Criteria:

a. Assay Validity: For the assay to be considered valid,
the following criteria must be satisfied: (1) hepato-
cytes recovered from the perfusion step and monolayer
cultures usced for the assay must show >70% viability:
(2) the solvent controls should have net nuclear grain
counts of <2:; (3) the positiva control must demonstrate
the sensitivity of the test system to detect UDS: (4)
data must be obtained from at least two raeplicate
cultures/dose; and (5} the highest dose must show
cytotoxicity, the limit of solubility, or reach the
maximum recommended dose for this assay (5000 ug/mL).

b. Positive Response: The assay was considered positive
if (1) an increase in the mean nuclear grain count wa
>6 grains/nucleus over the negative control value, (2
the percent- of ~nuclei -with 26 grains exceeded 10
percent of the negative control population, or (3) the
percent of nuclei with >20 grains was 22% of tha
examined population.

REPORTED RESULTS:

1. UDRS Assay: ‘Based on the raw data, the cytotoxicity
assessment indicated that doses >50 pg/mL were completely
cytotoxic. Percent survival for the remaining doses ranged
from 21.8% at 25 ug/mL to 93.2% at 0.25 ug/mL; survival
was not determined for the lower levels. Seven doses (0.1.
0.25, 0.5, 1.0, 2.5, 10.0, and 25.0 ug/mL) were, therafor«
scored for UDS activity. As shown in Table 1, nuclear
grain counts for the selected doses were slightly higher
than the solvent control value but did not approach the
minimum™” Increase (26 grains/nucleus over the neqative
control) required to conclude a positive effect.

By contrast, the positive control, 0.05 ug 2-AAF/mL,
induced marked increases in UDS grains per nucleus, the
percent nuclei with >6 grains, and the percent of nuclei
with >20 grains.
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TABLE 1. Reprosentetive Results of the Unscheduled DHA Synthes!s (n Rat Hepatocyte Assay with
Copper Naphthenate

Average Average Average
Percent Kuclear Percent Percent
Calls Survival? Grain Kuclel w/ Nuclel v/
eatment Oose Scored (21 Hours) Count 36 Graing 220 Gralns
g _control
iamol 1% 150 100.0 0.18 0.0 0.0
iyg Controt
cotylaning- 0.05 wp/aL 150 9.2 6.22° 44.0° 2.0°
warens
"!H"ﬁs
por rechtherate 10 ug/m® 150 £8.9 0.33 0.0 0.0
25 ug/me® 150 21.8 0.28 0.0 0.0
rvival e [ { wi r t

o, of viable cells/unit ares solvent control X 100.

age of ret ruclear grain counts on triplicste coversiips.
{tls regorting taboratory’s criteria for & positive effect.
Lts for tower concentrations (0.10, 0.25, 0.5, 1.0, and 2.5 ug/ml) did not indicate a gemstoxic effect.

agt dote scored; higher concentrstions (50, 100, 250, 500, end 1000 ug/m.), as indicated by the raw data,
completely cytotoxic,

- . N -
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Based on the overall results, the study authors concluded,
"The test material, copper naphthenate, did not induce
significant changes in the nuclear labeling of primary rat
hepatocytes for an applied concentration range of 25 ug/mL
to 0.10 ug/mL."

a assess that the study was conducted properly and that the
uthors’ interpretation of the data was correct. Nonae of the
oses induced an appreciable increasa in UDS. The cytotoxic
ffect demonstrated at doses 225 ug/mL indicated that the test
ubstance entered the hepatocytes and that the lack of response
as not due to the inability of the test material to penetrate
he cell wall. The study adequately demonstrated both the
alubility limits and cytotoxicity of the test material,
imilarly, the ability of the test system to detect UDS was
learly shown by the findings with the positive control (2-AAF,
.05 pug/mL). We concludé&, théarefore, that test material,
oppar naphthenate, failed to induce a genotoxic response in
well-controlled study. However, the lack of information on
13t material purity, the lot number of the assayed sample, and
upporting data to confirm actual test material concentratxon§
n solutxon randers the study unaccoptable.

JALITY ASSURANCE MEASURES: A quality assurance statement was
igned and dated November 25, 1985.

3] APPENDIN: Appendix A,AMateriéis and Methods, CBI pp. 23-9.
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V. TYPE OF ASSAY: Primary Rat Hepatocyte Unscheduled DNA Synthesis Assay
VI. PROTOCOL MUMBER: 447, Edition 6
VIl. STUDY DATES:
A, Initiation Data: Jun2 25,1985
B. CohﬁIetion'D¢te: September 206, 1985
VIII. SUPERVISORY PERSONNEL: .
A. Study Director: Maria A, Cifone, Ph.D.
B.l Laboratory Supervisor: Maria McKeon
IX. MATERIALS:

A. Indicator Cells

The fndicator cells for this assay were hepatocytes obtained from
an adult male Fischer 344 rat {150-300 g), which was purchased from
Charles River Breeding Laboratories, Inc. The arimals scheduled
for this assay were fed Purina Certified Rodent Chow (Formula 5002}
and water ad libitum. One animal, identifiéd by cage card, was
used for the assay after a m1n1mum quarantine period of five days.

Tha cells were obtained by perfusion of the liver in situ with a
collagenase solutfon (see Section 4C). Monolayer cultures were

astablished on plastic coverslips in culture dishes and were used

the same day for initiation of the UDS assay. All cultures were’ o
maintained as monolayers at 37*2°C 1n a humidified atmosphere con~
taining apprOxlmate1y 5% €0,.°

B. Medium

The cell cultures were established in Wiliiams' Medium E supple-
rmented with 5% fetal bovina serum, 2mM L-glutamine, 2.4uM dexa- -
methasone, 90 U/ml penicillin, 90 ug/ml streptomycin sulfate, and
140 pg/ml gentamicin. After the establishment period, the dexa- - :. o
methasone and ‘serum components “wére removed, Th1s latter culture - - See
med1um 1¢ referred to 51mp1y as HME. )

ee o8 .O!.. : . -
. C. Controls s “ .
1. Negative control ) 4 . 0t

l' . .
A negatlve control cons1st1ng of assay procedures pc-‘owned on e’ v
cells exposed only to the test material solvent was gg{formed lf
the test material was not soluble in water; 3 stock solution 1 4a
. . organic solvent (normally.. dlmethylsuktox!de DMSO) .was prepared; -~-
. the final concentration of solvent in the growth medium was 1% in-
the treated cultures and the negative (solvent) control.

Litton Bionetics T : o e -3 192
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IX. MATERIALS: (Continued) ‘ T

C. Controls (continued)
2. Po-itive cont ol
The positive cantrol compound is known to 1nduce UDS in rat
hepatocyte pr;mary cell cultures. 2-Acetyl aminofluorene (2-AAF)
at 2.24 x 10°'M (0.05 wpg/ml1) was used as the positive control.
X. EXPERIMENTAL DESIGN:

A. 0Dosing Procedure

The test material was dissolved, if possible, at the highest
desired concentration in WME containing 1% serum, and lower con-
centrations were then prepared by serial dilution with WME plus 1%
serum, If the test material was incompletely soluble in WME,.
dimethylsulfoxide (DMSO) was investigated as the solvent. A
solution in DMSQ is serially diluted with DMSO and each stock is
then diluted 1:100 (or greater) into WME plus 1% serum to obtain
the final desired concentrations of test material. If incomplete
solubility was obtained in both WME and DMSO, the chosen vehicle ¢
was one giving a higher solubility and/or the best dispersion
characteristics. Fresh preparations of test material in the
vehicle were used for the biological testing. Treatments were ini-
tiated by replacing the medium on the cell cultures with WME (1%
serum) containing the test materfal at the desired concentrations,

B. .Dose Selection .

The ‘dose selection procedure was an integral part of thée UDS assay
in order to select appropriate doses for a particular, fresh pri-
‘mary culture of hepatocytes. A range of 15 concentrations was
applied inftially to the cells, starting at approximately 1000

ﬂ. : "~ ug/ml (or 1000 nanoliters/mi) and diluting in approximately two-

. fold steps to about 0,025 ug/ml (or 0.025 nanoliters/ml), A viable
cell count (trypan blue exclusion) was then obtained about 20-24
hours after jaitiation of the treatments. At least 6 congentra- .
“tion§ were chosen for analysis of nuciear labeling, starting with
the highest dose that resulted in a sufficient number of survivors

., with intact morphologies-and proceeding to successive1 lcwer LYl
- - doses. If the test material was freely soluble and'reTatively pon-

“toxic, & maximum concentration of 5 mg/ml (of 5 micr o11ters/m]) pr
another limit specified by the Sponsor was tested. - ;°
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X. EXPERIMENTAL DESIGN: (Continued)

C. UDS Assay

This assay was based on the pracedures described by Williams (1977,
1980). The hepatocytes were obtained by perfusion of llxers ain

sity for about 4 minutes with Hanks' balanced salts (Ca = -

Mg -free) containing 0.5 mM ethyleneglycol-bis (g-aminoethyl
ether)-N, N-tetraacetic acid (EGTA) and HEPES buffer at pH 7.0.
Then WME with S0-100 units/ml of collagenase was perfused through
the liver for about 10 minutes. The hepatocytes were obtained by
mechanical dispersion of excised liver tissue in a culture dish
containing the WME culture medium and collagenase. Clumps of
cellular tissue and debris were removed either by filtering the
suspension through sterile cheesecloth or by allowing the clumps to
settle to the bottom of a tube. The filtrate or decantate was
centrifuged and the cell pellet resuspended in WME containing 5%
serum and 2.4 yM dexamethasone, After obtaining a viable cell
count, a series of 35-mm culture dishes (each containing a 25-mm
rognd, plastic coverslip) was inoculated with approximately 0.5 x
10° viable cells in 3 m1 of WME plus dexamethasone and 5% serum per
dish,

An "attachment period of 1.5 to 2 hours at 3722°C in a humidified
atmosphere containing about 5% CO, was used to establish the cell
cultures. Unattached cells were then removed and the cultures were
refed with WAE, The UDS assay was initiated within 3 hours by
replacing the media in the culture disheg with 2.5 ml WME con-

taining 1% fetal ‘Bovine serum, 1 uCi/ml "H-thymidine, and the test
material at the desircd concentration. Each treatment, including. .
the positive and negative controls, was performed on five cultures,
two of whi¢h.were used for cytotoxicity measurements.- After treat- - -
ment for'18-19 hours, the UDS assay was terminated by washing the

cell monolayers twice with WME, Three of the cultures from each
treatment were washed with WME containing 1 mM thymidine and were
further processed as described below. The other two cultures used

to monitor the toxicity of each treatment were refed with WME and
returned to the ificibator. At 20-24 hours after the initiation of

the treatments, viable cell counts (trypan.blue exclusion) were
determined to estimate cell survival relative to the negative
controts, s '

The nuclef in the.1abeled cells.were swollen by.placement of the
coverslipa in 1% sodium c¢itraté for 8-10 minutes, and then the

cells were fixed in acetic acid:ethanol (1:3) and dried for at .
least 24 hours. -The coverslips were mounted on glass slides (cells” .
up), dipped in an emulsion of-Kodak NTB2, and dried. The coated
slides were stored’for 7-10 days at 4°C in light-tight boxes con- ..
taining packets of Drierite. The emulsions wefe then developed in . -
D19, fixe ' and stained with Williams' modified hematoxylin and

eosin ‘Prov ure. e - ' T

et
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X. EXPERIMENTAL DESIGN: (Continued)

C. UDS Assay (continued)

Tha cells were examined microscopically at approximately 1500 X
magn1f1cat10n under o0il immersion and the field was displayed on-
the- video screen of an automatic counter., UDS was measured by
counting nuclear grains ‘and subtracting the average number of
grains in three nuclear-sized areas adjacent to each nucleus

(background count).
grain count.

counting.

This value is referred to as the net nuclear
The coverslips were coded to prevent bias in grain

The net nuclear grain count was determined for 50 randomly selected

cells on each coverslip,

Only nuclei with normal morphologies were

scored, and any cccasional nuclei blackened by grains *oo numerous
to count were excluded as cells in which replicative DNA synthesis
occurred rather than repair synthesis,
nucleus was less than zero (i.e., cytoplasmic count was greater

than nuclear count), a net value of zero was used in the.calcula-

tion of the mean value.

If the actual count for any

The mean net nuclear grain count was

determined from the triplicate coverslips (150 total ruclei) for

each treatment condition.

Occasionally, a coverslip is recounted t

at a later date or by a different technician., Since 2 different
cell population will generally be scored, the average count for 50
cells was used in the calculation of the mean for the triplicate
treatment.

D. Assay Acceptance Criteria

An assay normally is con51dered arceptab1e for evaluat1on of the -
- testr results only if all-of the criteria listed beTow are’ *

satisfied.

This listing may not encompass all test situations, so
the Study Director must exercise scientific judgement in modifying

the criteria or considering other causes that m1ght affect assay
reliability and acceptance.

1.

£

2.

-

Litton Bionetics

The viability of the hepatocytes collected from the perfu51oh

e

process normally exceeds 70%. A variety of factors can affect-
~cell ;yleld and viability, so values below 701 are not uncommén
nor hecessar11y detrimental. A lower limit for acceptability
.15 set at 50% in order to avoid.the: p0551b1e use of a damaged -

unrepresentatlve sample- of cells.

EEEEN

. The viability of the monolayer cell~cultures used for the assay.
treatments must be 70% or greater.”

Normally,.the viability.ef
. attached cells is about 90%. ’ o

0
r




X. EXPERIMENTAL DESIGN: (Continued)

D. Assay Acceptance Criteria {continued)

3.

L@tqnzBioneﬁcs o

The number of viable cells in the negative {or solvent) control
cultures should remain reasondbly stable over the experimental
time period because -rapidly declining {dying) cultures may not
respond in a representative manner to the test material treat-
ments. Therefore the average number of viable cells in the
negative (or solvent) control cultures must not be less than
50% of the cell number at the beginning of the treatment
period.

The labeling in the negative (or solvent) control cultures must
not exceed an average of 2 net grains/nucleus, or 10% of the
cells with 6 or more grains, or 1% of the cells with 20 or more
grains. The attainment of any one of these criteria will inva-
lidate the assay. HNormally, the control mean net nuclear grain
count is about 0.4 to 0.9, approximately 1% of the nuclei have
6 or more net grains, and none of the nuclei have 20 or more
net grains.

The positive control is used to demonstrate that the cell
population employed was responsive and the methodology was
adequate for the detection of UDS. For test materials causing
weak or no UDS activity, the average rasponse to the positive
control treatments must exceed all three criteria used to
indicate UDS (see Section 6). TFor test materials clearly
causing a dose-related UDS activity, an assay will be accep-
table in the absence of a positive control lost for technical
reasons. Typical reSponses to treatments with 0.05 ug/ml of
2-AAF are as follows: 16+7 mean net nuclear grain count,

87:17% of the nuclei hav1ng 6 or more net grains, and 31+23% of-

the nuclei having 20 or more net: gra1ns.

Grain count data obtained for a given treatment is acceptable
as part of the evaluation if obtained from at least two repli-
cate cultures and at least 50 cells per culture.

A minimum of 6 dose levels will. be analyzed for nuclear grain
cqunts. Repeat trials need only augment the ‘number of analyzed
dose levels in the first trial to ach1eve a tota] of 6 dif-
ferent concentratlons." o

The h1ghe~t analyzed dose must approach an excessive toxicity
(defined by cell morphologies unsuitable for counting grains)
or result in test material inselubility, or reach the highest
app11cab1e dose of 5000 ug/ml {or 5000 nl/m])




X. EXPERIMENTAL DESIGN: (Continued)

E. Assay Evaluation Criteria

Several criteria have been estatlished which, if met, provide a ‘-
basis for evaluation of a test material as active in the UDS assay.
Thesé criteria are formulated on the basis of published results and
laboratory experience and-are used in lieu of a statistical treat-
ment, at this time, to indicate a positive response. While the
criteria are arbitrary guidelines that may not be applicable to all
assays and may need revision as the data base increases, they
represent a reasonable approach to the evaluation of a test
material.

The test material is considered act1ve in the UDS assay at applied
concentrations that cause:

(1) An increase in the mean net nuclear grain count to at least
six grains per nucleus after subtraction of the concurrent
negative control value, and/or

(2) An increase in the percent of nuclei having 6 or‘more net
grains to at least 10% of the analyzed populaticn after t
subtraction of the concurient negative control value, and/or

(3) The percent of nuclei with 20 or more grains to reach or
exceed 2% of the analyzed population,

Generally, if the first condition is satisfied, the second and

often the third condition will also be met, However, satisfaction

of only the seccnd or third condition can also indicate UDS acti-

vity. Different DNA-damaging -agents can give a variety of nuclear-+ - -
labeling patterns, and weak agents may strongly affect only a small
minority of the cells. Therefore, all three of the above con-

ditions are considered in an evaluation.

A dose-related increase in UDS for at least two consecut1ve app]Ied
concentrations is also desirable to evaluate a test material as
active in this assay. 1In some cases, UDS can increase with dose
and then decrease to near-zero with successively higher doses. . I1f~
this behdvior is associated with increased toxicity, the test

material can be evaluated as active., 1If an isolated increase . .....
e " 0CCUrs for a treatment far removed from the tox1c doses the ubs.,
~will=be considered spurious. : S : -
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X. EXPERIMENTAL DESIGN: (Continued) Hinl th

E. Assay Evaluation Criteria {continued)

The test material is considered inactive in this assay if none of
the above conditions are met and if the assay includes the maximum
applied dose or other doses that are.shown to be toxic by the sur-
vival measurements. If little or no toxicity is demonstrated for
any of the applied doses and the test material remains soluble in
the culture medium, the assay may be considered inconclusive and
may be repeated with higher doses after consultation with the
Sponsor.

The positive control nuclear labeling is not used as a reference
point to estimate mutagenic or carcinogenic risk associated with
the UDS activity of the test material, UDS elicited by test agents
in this assay is probably more dependent on the type of DNA damage
inflicted and the available repair mechanisms than on the potency
of the test agent as a mutagen or carcinogen. Some forms of DNA
damage are repaired without the incorporation of new nucleic acids.

. Thus, the positive controis are used to demonstrate that the cell
population employed was responsive and the methodology was adequate
for the detection of UDS. '

t
X1, INTERPRETATION OF RESULTS:

The test material, Copper Naphthenate, formed a blue-green solution in
absolute ethanol at 100 mg/ml. Just prior to the assay, a solution was
prepared and serially diluted with absolute ethanol to obtain a series
of stock concentrations. “The test concentrations were then prepared by
making 1:100 dilutions of these stocks into WME medium containing 1%
fetal bovine serum, Fifteen test concentrations ranging fromn 0.025
pug/ml to 1000. ug/ml were thereby prepared:~ Follewing preparation of
the test concentrations, the treatments were initiated by replacing the
media on the cultures with the media containing the different concen-
trations of test material., The test material appeared solubie in the
assay medium up to 100 ug/ml but a blue-green gel was present at the
air/media interface at concentrations from, 250 ug/ml to 1000 ug/ml.

One trial of the UDS assay was performed and the results are shown in -
.ab1e 1. . _

The hepatocytes for the UDS a>say were_collected at approximataly 80.5%
viability (determlned by. trypan blue exc1us1on), and about 84.0% of
the viable celts attached to thé culture dishes during the 1.S-hour

. - settling period. The treatments were initiated approximately 2.5 to
3 hours later with cell monclayers that were about 89.8% viable, After
an additional 21 hours in-culture (which enc0mpassed the 18-hour
treatment period), the average viable-cell count in the solvent control

e T
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