BEHQ-0386-0572

dated March 14,1986, elarese Corporation
v-fOr your reviaw, results ,: a study conducted !
y.York University (N.U) on acrylir acid. This letter
: itional follow-up infoimatior.

., First, I would like to elaviiy that the study reported
.- in our previout letter was .ct sponscored by Celanese

. Y vaidni e A A x
... LOrbaratinan. L%%!é%’r%}mwncrymuwtew a&T NYU.

. Subsejuent tc surmitting cur fivst retier to vou,
~Celanese hired & con= itart te roview the NYU study. We are
submitting co vou, av tiis tise, a copy of the consultant's
report. - This .eport couslvdes that the skir tumors observed

are tl.e vesult of t- .atrut with serylic acid, but sany
Cu23* 1en8 regarding " he ¢ oaduce of the study remain
unansterad.  Tre consuitaat'a r2eo1rt also suggests that the
obgervations of ioukemiuc and DN: adduct formaticn are of
quesiiorable releveaneo,

In addition, we “ould 1ike te ii‘orm you of the resuits
of two tests soonsor:d by Cala..ase Corporaticn reg.:rding
posszible éytogouetic ruisponse to -oryiic acid. An in vitro

vest for cytoyunetic resposse shored activity with and

(gﬂbiit #ooA e S0l
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without metabolic activation; however, an in vivo test
showed no activity at doses toxic in animals.” We believe
this information is useful in evaluating potential responses
from exposure to acrylic acid. These test results indicate
to us that there is no genetic hazard in live animals from

this material even though in vitro activity has been
detected.

Sincerely yours,:

. Rodenhausen

Environmental, Health
and Safety Affairs
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At a poster session at the 1986 annual meeting of the ‘Society of -
Toxicology (Abstract #945), a report was Presented describing the
induction of skin tumors in ICR/ta mice following topical administration
of an acetone solution of acrylic acid. The report wvas authored by Ila
L. Cote. Amne E. BHochwalce, Irving Seidman, Creb N. Budzilovich, Jerome J.
Soloman and Alvin Segal of the Department of Envirormental Medicine, New
York University Medical Center, New York,NY. The senior author, Ila L.
Cote, is now with the Environmental Protection Agency in North Carolina.

In order to gain more detsiled information to evaluate the experiments
performed with acrylic acid, the Celanese Corporation retained Arthur D.
Little, Inc. with Dr. Andrew Sivak as the principal task leader.

This evaluation of the bioassay began in mid-April, 1966, and the report
vas submitted at the end of June, 1986. During this interval two visits
vere made to the Sterling Forest, N.Y. laboratories of the Institute of
Environmental Medicine to discuss details of the study with Susan
Melchionne, Alvin Segal, Jercme Soloman and Amne Hochwalt and to review
the histological slides. Additional review of the slides was carried out
by Alice Liberson, a board certified veterinary patbologist,whose
experience iz sumwarised ia Appendix A. In addition two personal
conversations were held with Ila Cote in North Carolina in May and June,
1986.

Vritten material that was supplied included:

(1) copies of the individual animal cards (Ila Cote)

(2) a summary of histopathology data (Ila Cote)

(3) a table shoving the data base on which the statistics were
calculated (Susan Melchionne)




‘Yessarch grant to Alvin Segal from th‘ ,

,‘ The actual design and execution of the skin

‘painting btouny. was done by Ila Cote, a postdoctoral fellow, with the
tnhtlnu of A—n Hochwalt, -a_graduate student. Chemfical

; -was provided by Jerome klm The histopathological -

'“amun were done. by Irving Siedman of the b.mmt of Pathology and
,Grob M:tlavhh ot tlu Dtpame of llonropn&holm Ila Cete was

rupmnbh for tvlltetta. recording and summarizing the data associated

“with the skin pnntin blouny and she acted lnlltpunhnuy in these
tnb S

Froa ob'umtlom during the visits and discussions with Susan
mehmm, it 1s apparent that the animal housing and treatment
“facilities are clean and well caved for and are operated om a dnpu-tunc
" wide basis by an animal care committee that is organized in keeping with
the present U.S. Department of Health and Muman Services regulations.
Although there are no formul animal care committes records for the time
interval of the acrylic acid study (November, 1981 to Narch, 1983), there
is every expectation that the animal husbandry was carried out in a fully

A Arthur D Little, Inc. 00008




acceptable marner. The tissue blocks and histology slides for this scudy
Wers organized and clearly labe’.d in the histoio;y laboratory of the
Institute. Written data that were not discovered included

(1) in 1{fs animal records

(2) detailed histopathology resports and

(3) the laboratory notebooks for the skin painting biocassay.




fit th ilouuy ‘lh mtt.l muuu uul
&n rnp M:.Mmu longer available.
‘lhutylit ﬁﬂmﬂhﬂntﬂlpuﬁm!’mnma Mal
T Compety, and coutained 200 ppa hydrequiness monosethyl ether as a
© - stabilizer. It is unlikely that th tﬁlllhu had an impact on the
manm iv anm“mm-eﬂvuyinn
upm npﬁﬂ by | mu m ., n‘u: 1959). The seclution
. of scrylic acid was prepared meuthly fa acetems end storud in a
vefrigerator in a by wn bottle hm treatwents. Th: 0.1 ml dose wes
 delivered with a plunger pipette that sccuretely Jelivers the required
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volume. Alvin Segal indicated in conversations that no degrldation vas
lihly during the oo month :ton;o inuml.

From the several documents reviewed originally, there vas considerable
uncertainty with respect to the dose of acrylic acid used in the chronic

skin painting study.

The abstract states that, "Female mice were exposed to <5 ul AA (4% v/v
in acetone).®” In subsequent conversations with Ila Cote, she indicated
that this 25 »1 was mede up t> 100 pl dose, yielding a 1t actual dosage
solution. The poster states "Acrylic acid (4mg) was applied to shaved
dorsal skin by micropipette in 0.1 ml acetone ...." A page of a progress
report supplied by Alvin Segal on May 21, 1896 states, “Doses are 20ug of
AN and 10pg of AA." In an undated letter from Ila Cote received orn June
27, 1986, vhich had as an enclosure a xerox of what was identified as a
lsboratory notebook page, a dose of 72 ug per application of acrylic acid
was indicated (Appendix D). This amount of acrylic acid in 0.1 ml
acetons would be an 0.072% solution.

Becropsy and Histological Analysis

Thers are no fornmal standard operating prccedures for mecropsy or tissue
preparation.

For those mice dying during the study and not autolyzed or cannibalized
and for those killed at the end of the study, a complete necropsy was
performed by Ila Cote and tissue samples of skin, liver, kidney, stomach,
colon, bladder and brain were taken. This selection of tissues is
standard praczice for skin exposure experiments done in the NYU
laboratories. Organs were not weighed, nor was any hematology or
clinical chemistry done. In addition, any tissues wirh unusual appearance
and masses were also taken. All tissues were prepared for
histopathological diagnosis by standard embedding procedures and with
standard hemctoxylin/eosin staining. These operations wvere carried out

A\ Arthur D Little, Inc.
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- The procedures for the subcutaneous ~carcinogenesis studies and the DRA

adduct formation are describead ir the lettor from Alvin Segal to Andrew
Sivak dated May 12, 1986.

Mouse Skin Bioassay

The distribution of animal weights at the termination of the study was
calculated from data shown on the coples of the animal cards provided
(Table 1). While differences in group animal weights exist, there appears
to be no pattern that would relate thea to treatment or leukemia/lymphoma
tumor burden, and the weights are in the range expected for female mice
of about 1 1/2 years of age.

The survival of the 3 groups of mice in the study is shown on Figure 1.
These data were also taken froam the animal cards. No differences are

spparent in survival among the groups.

Based on the data presented in the poster from Ila Cote, 2 skin tumor-
bearing mice were observed in the acrylic acid-treated group, with each
animal bearing a single squamous cell carcinoma. A later summary table
obtained from Ila Cote reported one papilloma and one squanous cell
carcinoms in this group (Table 2). The pathology analysis done by Arthur
D. Little, Inc., revealed two squamous cell carcinomas in the acrylic
scid tresated group. In the portion of the study designed ro test the
tumor promoting ability of acrylic acid with a single 20 ug treatment of
the skin with 7,12-dimethylbenz(a)anthracene (DMBA) prior to repeated
acrylic acid treatment, 4 skin tumor bearing mice ware observed with 1
squamous cell carcinoma, 1 keratoacanthoma and 3 papillomas. One animal
bore 2 papillomas. The first skin lesion appeared in each group at one
year after the start of acrylic acid expogsure (Table 2). A copy of the

A\ Arthur D Little, Inc.




e, A greater iiumpmy unti b.twan ﬁiltvidml
muﬂ ln ﬂn orl;lm\l npert end this review. The

afiitrates v mtv. or- lmlw. and anuim n uhth-ly pure
population of lysghocytes. The majority of small fucl usually contatned
~a mized cellular infiltrate nnd were more comsfatent with lnﬂ-tlon
ﬂan nupluh. '

' mm lhrhd atnmtnl huunuh and lyapbecytic hyperplasia were

. frequent ﬁnﬂm h all groups. Nowevar, wmless invesicn of normal
'atmt\lnl vas present, these changes vare censidered resctive and mot
netplastic.




- T~ Jamg: Proliferation of peribronchial lymphold tissus was a frequent = = -
finding In all groups. This change can be difficult to interpret.

Eidneys: Most kidneys in all groups contained perivascular and subpelvic
cellular infiltrates, some of which contained a mixed population of
inflammatory cells. In those focl composed principally of lymphccytes,
the cells were usually small and relatively mature. However, if the
infiltrates vers pure and extensive, they were categorized as lymphoma.

Urioary Bladder: Prominent submucosal lymphoid aggregates composed
primarily of mature lymphocytes were often present. However, unless

there was invasion of the epithelium or the tunica muscularis, these foci
were considered hyperplastic.

Brain: No animals were observed to have neoplastic lesicns involving the
brain. 7Two animals (C-241, C-155) had mixed meningeal infiltrates
characteristic of meningitis, and one animal (D-AA 127) had very mild,
mononuclear perivascular cuffs.

Skin: Seven animals had proliferative skin lesions. Four mice had
squamous cell carcinoma (A-AA, 153 and 179; D-AA 126 and 139). When more
than one slide vas present, they appeared to be from the same site. D-AA
146 had a squamous papilloma. The skin section from D-AA 144 contained
only a mass and lacked underlying tissue to aid in orientation and
diagnosis. However, a squamous papilloma was diagnosed due to the
characteristic cellular proliferation. One section of skin from D-AA 145
contained a proliferative lesion, but severe artifact due to autolysis or
processing precluded a diagnosis in this case. Skin treated with acrylic
acid for the emti:s interval exhibited no pathological response, and
acetons - tresated and acrylic acid treated skins were indistinguishable
at the end of the bioassay.

Conclusions of Arthur D, Little Histopathology Evaluation

Although the overall incidence of tumor diagnosed in the original repoxt
and in this review was similar, there were marked discrepancies in the
svaluaticn of individual organ involvement. Part of this difference may

A\ Arthur D Little, Inc. 10 00015
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liver, - -ezs the group amtnd with DNBA and
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with the firat tumor palpadble at 327 days. ihc :alaologival wvaluation
of thias study is ot complete, amd no dnu fot loukenia./lyw-bovas were

" available. (See w;: €).




The experimental conditions and outcomes of the studies carried out by
Dr. Alvin Segal are shown in & letter from Alvin Segal to Andrew Sivak
dated May 21, 1936 (Appendix C). These studies were carried out by Alvin
Segal and Jerome Soloman using procedures previously reported in the
published literature and cited in the letter from Segal to Sivak.

Based on the laboratory visit, it is clear that adequate facilities vere
available to conduct the studies, including sophisticated mass spectro-
metry equipment for ~tructure determination.

Initially, a set of reactions was carried out by dissolving 2’-deoxy-
adenosine, deoxycytosine, deoxguanosine and deoxythymidine at a concen-
tration 1-3 msole in a 50 ml solution of acrylic acid neutralized to pH
7.0 with sodium hydroxide and incubating the mixture at 37°C for 40 days
in a shaker. Similarly, 150 mg of calf thymus DNA w. incubated under
the same conditions with neutralized acrylic acid.

Under both conditions, adducts were isolated and identified for all four
nuclecsides from both sets of studies. The specific details of this
portion of the work are included in Appendix C.

Qther Considerations

In a verbal communication, Ila Cote indicated that the chemical evalua-
tion of the acrvlic acid used in the mouse skin biocassay may mot have
been able to find impurities and/or degradation products with HPLC column
retention times similar to acrylic acld because of the broadness of the
acrylic acid peak under the separation conditions arnd solvents employed.
Alvin Segal indicated verbally that there is no reason to suspect
substantial alterations of the acrylic acid in the acetone solutions wused

for the mouse skin applications.

A\ Arthur D Little, Inc.




a\eryuq ‘ac1d 1n a solution neutralized pl to 7.0 vith sodium nyanua
and incubated at 37°C for 40 days forwed adlhcu vith all four single
Muclownu in -solution.. Adducts with. these four primary

~ naclecsides of DNA were also found with the same fncubation conditions

- using calf thyaus DNA. The relevance of this finding to the potential
carcinogenic letlvity of acrylic acid is guesticnable given the urmsually
long incubation interval and the absence of a control incubation of DNA
with a mn‘earelmpnie ormie acid of similar structure and molecular
\ni'ht.




FIGURE 1 - MOUSE SURVIVAL DATA
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|

Organ Site
Lung

Liver
Spleen
Kidney
Stomach
Brain
Bladder
Colon

Miscellaneous

5
4
6
4
1
0
0
o
0
6

Total Mice
Bearing Leukamias

Froa written data supplied by Ila Cote
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TARE -

WREIR ARD PERCENT OF LYNPEOMA BIARING MICR
. Acoteme~ DA +
Asxylic Acid Asrylis Acid
Bmbax Rexsent Empber Rezsent

¥4

Kidneys

Stomach

Brain

Urinary Bladder

Colem

Total Mice
Rearing Lymphomas ] 43 (21) 23 79

Rembexr in parenthesis indicate mumber of cases exsmined.
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~The mtarch nvo. vi.ng AA is selatud to my
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pr. sivak o iTez= U May 12,1986

each dissolved in 50 ml SS and shaken at 37°C for 40 days in a
constant temperature water bath. The reaction of AA with dAado
gave 1-(2-carboxyethyl)-dAdo (5%) and N®-(2-carboxyethyl)-dAdo
[11%, probably via Dimroth rearrangement of l-{(2-carboxyethyl)-
dAdo, see references 1-3]. Reaction of LA with dCy@ vielded
3=-({2-carboxyethyl)-dCyd (7.5%). Reaction of AA with dGuo resulted
in the isolation of 7-(2-carboxyethyl)guanine (4%) and 7,9-bis~-
(2-carboxyethyl)guanine (0.9%). Reaction of AA with &Thd yielded
3~ {2-carboxyethyl)-dThé (0.5%). Thus AA, like AN and AM,
alkylates nucleophilic centers in 2'-deoxynucleosides by Michael
aldition (see references 2 and 3). In addition, the adducts formed
by reactions of AA with the 2'-deoxynucleosides are identical to
those found following reactions of the carcinogen BPL with the
same 2'-deoxynucleosides, namely 2-carboxyethyl (-cnz—caz—cooa)
adducts, although the mechanisms of formation differ.

In vitro reactions of AA with calf thymus DNA. A solution
of 150 mg of DNA in 50 ml SS was shaken at ?7‘C for 40 days. The
reaction conditions are similar to those reported for the in vitro
reactions of AN and AM with DNA (references 2 and 3 respectiveliy).
The adducts isolated and cuantitated were 7-(2-carboxyethyl)-
guanine (1 mole/99 moles guanine); l-(2-carboxyethyl)adenine
(1 mole/91 moles adenine); N6-(2-carboxyethyl)aderine (1 mole/

110 moles adenine) and 3-(2-carboxyethyl)thymine (1 mole/479 mcles
thymine). The adduct 3-(2-carboxyethyl)cytoscne was not detected.
Again the adducts are ideutical to those isolated followin

in vitro reaction of BPL with calf thymus DNA. The adducts formed
Tollowing in vivo reactions of direct-acting alkylating agents

are usually identical to those observed in in vitro reactions

(see Discussion sections in references 1l-3).

Bioassays - Topical Applications. The results for AN and
AM are presented in Table E. No tumors at the site of application
were observed. The experiments reported in The Toxicologist, 6:
235 (1986) are as follows. AA [4 mg (55 umole/100 ul acetonel
was applied to the dorsal skins of 30 female ICR/Ha mice, 3X/week
for 1.5 years. Two squamous cell carcinomas were observed in
2 mice (1 per mouse) and confirmed by our pathologist,
br. Irving Seidman. No malignancies were observed in acetone
controls. In a second group of 30 mice, a dose of 20 ug of
DMBA in 100 ul acetone was applied to the dorsal skins 1X and
was followed by 3X/week applications of AA for 1.5 years. Tumors
were observed in 4 mice in the DMBA/AA group (1 squanmous cell
carcinoma and * papillomas). The diagnosis of the slides was
made by Dr. Seidman. No tumors were observed in mice treated
with [_.3A alone.
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. Lo e s R 1
bicassavs in Femade Hsd: (LCR)Er Hice (30 ~ice/aroup)

Conpound > Dose/Route ¥ Survivors c2 w/Tumors # ive witk
iszcl # Tumors ilal ;nant Teac

[~

300 umvle/Tupical3
oo bwoie/Tupical
. Acetone 0.1 ml/Topical
ax 19 jmole/sch
AM 490 umole/ScC
Ad 20 umole/SC
Trioctanoin 0.03 m' | 3¢
Saline 0.05m1/SC

No treatment

©C O O NN O O o c©

Fopical applic., 450 days; SC applic., 303 davs; duration of test, 540-626 davs,

2 Abbreviations: AN, acrylonitrile; AN, acrvlamide; 23, acrylic acid.

} Topical applications, 3X/week in 0.1 ml acetone.

L‘SC'hpplicatioas,’IX/week in 0.05 ml trioctanoin (A3, AA) or 0.05 ml saline ().

3 Laromas .
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of leukemia in this strain of mouse. Aﬁrm"ﬁcidence'afiieukenu is

somewhat commonly observed in untreatad animals. As a consequence, I feel

that less ieight should be given to the observation ofr leukeﬁﬁ, iui this
stratn of mouse, than for a tumor type with a_mrre stable background
incidence. In addition, it is my impression that induction of leukemia is
a somewhat common response to a variety of chemicals which induce no other
neoplastic response. However, this has not been systematically assessed in
the New York laboratory. In a study run concurrently with ti\e acrylic acid
study, mice treated with topically applied acrylonitrile experienced a
similar incidence of leukemia as did the acrylic acid treated animals.

Life table analysis for leukemia was not performed. This type of
analysis may shed additional light on this fssue. As Dr. Segal has indicated,
a subsequent study of acrylic acid using subcutaneous injection as the
route of exposure has been conducted. At this time, these data hav2 not been
tabulated for leukewia incidence.

1 apologize for this misunderstanding. Please contact me if I can be
of further assistance.
Sincerely,
S X .C, A
I1a L. Cote, Ph.D.
J. Cleary
A. Segal
J. Solomon

0. williams
M. Winrow
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y of A Nice (20/group) were initiated
N T2 ] gle application of 20 ug of 7, le-dimethylbenz(a)anthracene (DNBA) in

701 ml of dry scetone. Fourteen days later application was degun of AN and AA
respectively to the dorsal skins of aice ‘in dry acetone at the doses used in

- " "the complete carcinogenesis studies. This will continue for the lifespans of
- the animals.  Included ia the experimenta) protocol are a control group

receiving DNBA alone, & control group receiving AN alone, a comtrol group
-receiving AR alonc, a control group receiving acetone alone and a group
~receiving no treatment.. Aldl other procedures are as descrided above.

- Results. To date no skin lesions have appeared in experimental or control
- groups. . Three premature deaths have occurrsd. Upon autopsy two animals (one
" in the AN complete carcinogen group and one ia the PMA oaly contrcl group)
were cbserved to have severly enlarged thymuses, suggestive of the thymic
lysphomas which occur spontanecusly ia this strain of mouse. %o gross
sbnorralities were observed in the third animal (AN initiastion-PMA promotion




sroup). Tissve from these animals awaits histologic examination.




