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December 6, 1988 14 ]
84948000178

Ms. Roberta Wedge (’0”!3;“% ﬂ{} CB;

Dynamac Corporation
The Dynamac Building
11140 Rockville Pike
Rockville, MD 20852
Dezr Ms. Wedge:
Subject: Morpholine - Your request of September 19, 1388

In response to your request, BASF is submitting the following
information on morpholine.

Production Informaticn

Morphcline is manufactured at our production plant located in
Geismar, Louisiana and is imported from BASF Aktiengesellschaft

in West Germany.
It is produced by reacting diethylene glycol with ammonia. We

estimate the U. S. morpholine market to be 18 M lbs./year.
BASF's share is approximately 30% of the U. S. market.

Use Information

Major morpholine outlets are in the formulating of neutralizing
agents for boiler water treatment chemicals and in the manufac-

Aecand mmn Ll emcolmluamw i i 1 « J -
turing of rubber chemicals. Secondary cutlets include formula

tion of waxes and polishes as well as active ingredients (such
as pharmaceuticals, biocides, etc.)
The following are attached:

1. The BASF Corporation Technical Bulletin for Morpholine
{Attachment 1)

2. The BASF Corporation Material Safety Data Sheet

3. The BASF United Kingdom Ltd. Material Safety Data Sheet

1609 Biddie Avenue. Wyandotte, Michigan 48192 (313) 246-6100




Results of active toxicity and ecotoxicity studies are cited in
the above NSD rsheets. In addition, BASF ig submitting a study
2 hol n the In-Vitro Transformation

BASF does not claim any of the above information confidential
at this time. Please keep me advised of the status of the ITC
review. If there are any further questicns, please contact me.

Very truly yours,

BASF CORPORATION
Chemicals Division

145&7£2lﬁ£Wﬂﬂg~
Mary A. Klosowski
Manager, Government Regulations



............ colorless, hygroscopic 3ic;u-:d. free of suspended

(o) N‘H matter
\..../ Specification

Assay .. ... ... ~. .. 89% min. (GC)

Impurites . ... . ethylenediamine. 4-ethylmorphaline, water
CAS Reg. no.: 110-91-8

Molecular weight: 87.1 g/mol Physical properti
Product no.: 664331 s

Solubiiity . ... .. .. . miscible with water and aimost ail common organic
solvents. slightly soluble in aliphatic hydrocarbons

Boiling range S 128-130°C

Freezing point . . =5C

Density dag o 1.000-1.002 g/cm3

Weight/gal. . . ... 834 lbs

Flash point . - 31°C (closed cup) J
Suggested applications Important  While the nformation and aata
This chemical intermediate can be contained .n this bulletin are presented in
used in the praduciion of pharma- good faith and believed to be reliable, they
ceuticals, agricuitural chemicais, dye do not consttute a part of our terms and

intermediates, textile chemicals paper condiions of sales unless specifically incor-

) - y porated n our Order Acknowledgement
che.m‘ca.s, rubber chemicals, corrosion NGTHING HEREIN SHALL BE DEEMED TO
inhtbitors, optical brighteners. emulsi-

; CONSTITUTE A WARRANTY EXPRESS OR M.
fiers, plasticizers, cuning agents for PLIED. THAT SAID INFORMATION OR DATA ARE

epoxy resin. photographic chemicals CORRECT OR THAT THE PRODUCTS

and catalysts for polyurethane resins. DESCRIBED ARE MERCHANTABLE OR FiT FOR
A PARTICULAR PURPOSE. OR THAT SAID IN-

Shipping FORMATION. DATA OR PRODUCTS CAN BE

Ava”able in tank trucks and non- USED WITHOUT INFRINGING PATENTS OF

returnable steel drums containing 450  THIRD PARTIES

ibs. net weight. DOT label required:
Flammable Liguid.

Proper shipping name: Mcrphohne—
UN 2054

Mandling hazards

Morpholine is a flammable liquid that is
corrosive to the skin and eyes. inhaia-
tion of vapors irritates the respiratory
tract. Refer to oL © Materal Safety Data
Sheet for information on toxicity. safety
precautions. handling and disposal.

BASF Corporation
Chemicals Division
100 Cherry Hill Suad
Parsippany, N.J. 07054
(201) 263-3400
800-526-1072

intermediates & Fine Chemicals BASI




Tetrahydro-1
Sletrvientaide Oxide

| CHEMICAL FAMILY: Secentdery Alky! Amine
§ .

R

110-01-8

SARA Title IIZ Sect. 313: Not listed.

SOILING/MELTING POINT €780 msw Ng: pH: 10.1 (5 g/ water)

VAPOR PRISSURE am Ng ®20 C: 13 Vapor Density: 3.0
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SOLUBILITY IN WATER: Cemplete

PLASN POINT (TEST METWOD): AUTOIGNITION TENP: 278°CH

PLASMABILITY LINITS IN AIR (X BY VOL) LOWER: 1.8 UPPER: 10.8

EXTINGUISHING Use water, altcehe) feam, G2 or dry chamical extinguishing
MEDIUN aadia.

SPECIAL should e tpped vith self-sentsined
FIREPIGNTING dreath e e Girreut gear.  \ster may be

peiliuahliulids

oxigizing aaterials.
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Rat, Oral LDSC 1080 mp/kg.
Nouse, Inhalation LCSO 1320 mg/ad
Rabbit, Derwal LDSO 800 mg/kg.
Rebbit, Skin Severely irritating
Rabbit, Eyes Severely irritating

EFFECTS OF OVEREXPOSURE:
Morpholine is severely trritating to the eyes and skin.
b to the vapors mey Causa respiratory irritstion and transient eye
L on.

Temporary foggy vision has besn reported.

sorpholine caused lacrimption, salivition and tremors {n rats at lethal oral
doses and in rabdits at lethal derms: Coses.

At sublethe! levels, effects included lacrimation, ifrritation and inactivity.
Repeated skin spplication has caused skin, liver and kignay tnjury in rabbits.
Rats and guinea pigs exposed to 12000 ppm in air exhibited irritation of the
eyes and respiratory tract.

Repeated exposures caused lung, iiver and kidney injury.

In sn industry-sponsored lifetime inhalation study, morphoiine was not
carcinogenic to rats at concentrations of 10, 80 and 150 ppm. Morpheline did
cause opthalmic and nasal lesions consistent with its irritating properties.

FIRST AID PROCEDURES:

Eyes-Ismediately wash syes with running water for 15 minutes.
Get immediate medical attention.
Skin-Nash affected areas with water while removing contaminated
clothing. Get ismediate medical attention. Launder
contaminated cliothing before reuse.
Ingestion-1f swallowed, DO NOT INDUCE VOMITING. Dilute with water
or milk and get immediate medical attention. Never give flLids or
induce vomiting if the victim is unconscious or having convulsions.
Inhalation-Move to fresh air. Aid in Breathing, if necessary, and get
temediata madical attention. ry, and get medical attention.

STABILITY:
CONDITIONS TO AVOID: Hest and fiames.

CHEMICAL INCOMPATIBILITY: Cxidizing contaminants and mineral acids.

HAZARDOUS DECOMPOSITION PRODUCTS: <0 €02 and NOx.

HAZARDOUS POLYMERIZATION: Does not cocour
CONDITIONS TO AVOID: N/A

NS .
ORY PROTECTION
Approved organic vapor respirator.

EYE PIOTECTION Goggiss, face shiald.

ﬁcﬂ\ﬁ THING: @loves, coveralls, spron, boots as necessary to prevent
PRO iq'ecentact.

VENTILATION Use Tocal exhaust to oontrol to P.L.L.

OTHER:  gyewash fountains and safety showers should be easily accessible.

Dr0y 3/97




- AMuatie
Ninnew,

Spitis should be cuntained, seliditied, and placed in suitable containers

for disposal in a RCRA Yfcensed factility. This material is RCRA hazardous
s to its properties.

mmmmt- RQ bek

Incinerate in a RCRA licensed facility. Do not discharge inte waterveys
o sover systems without preper suthority.

HAZARDOUS WASTE 40CFR261: _Yes HAZARDOUS WASTE NUMBER: D 001
[CONTAINER DISPOSAL:

Espty containers with less then 1 inch of resicus may be landfilled at a
licensed ¢facility. Recommend crushing or other msans to prevent unsuthorized
Other containers must be disposed of in a RCRA licensed facility.

—

.

CFR172.101-102

172.101-102)

IMARY
Flasmeble Liguia

D.0.T. LABELS REQUWRED (49CFR172.101-102] |D.O.Y. PLA 'fé'n‘son“"—cons—"_mm
ngegmoi ;ml 1!7:.504) 49CFR172.203(K)

* Flammeble Liguid
Flammabdle
2084

[BRL
Rorphel ine=-Flanmeble Ligquid--UN 2084

WHILE BASE CORPORATION BELIEVES THE DATA SET FORTH HEREIN ARE ACCURATE
AS OF TME DATE MEREOF, BASF CORPORATION MAKES ND WARRANTY WITH RESPECT
THERETO AND EXPRESSTLY DISCLAINS ALL LIABILITY POR RELIANCE THEREON.
SUCH DAA ARE OFFERED SOLE!Y FOR YOUR CONSID RATION,INVESTIGATION,

AND VERIFICATION.

oPI0s 89?




DANGER: FLAMMARLE

CONTACT WITH THE EYES AND SKIN RESULTS IN SEVERE IRRITATION.

OVEREXPOSURE TO THE VAPORS MAY CAUSE RESPIRATORY IRRITATION, TRANSIENT

EYE IRRITATION AND TEMRLRARY BLURRED VISION.

REPEATED EXPOSURES CAUSED SKIN, LUNG, LIVER AND KIDNEY INJURY IN LABORATORY
m Sﬂxﬂls OTHER EFFECTS INCLUDED LACRIMATION, JALIVATION, TREMORS

Use vith toca! exteust to control to P.E.L. ear an sppreved organic
vapor respirator, goggles, face shield, gloves, coveralls, apron, boots
shd other protective clothing as necessary to prevent contact. Eyewash
fountaing and safety showvers must be easily accessible.

FIRST AID:

Eyes-lmmediately wash eyss with running water for 15 minutes.
Gat tameciate medical attention.

Skir-Wash affected areas with water while removing contaminated
clothing. Get immediate medical attention. Launder
contaminated clothing before reuse.

Ingestion-1f swallowed, DO NOT INDUCE VOMITING. Dilute with water
or milk and get immediate medical attention. Never give fluids or
induce vomiting {# the victim is unconscivus or having convuisions.

Inhalation-Move to fresh air. Aid in breathing, {f necessary, and get
{smediate medical attention.

IN CASE OF SPILLS OR LEAKS: Material is a RCRA-reguiated procuct. Spilis
s*ould be contained, sbscrbed and placed in suitadle containers for disposal
in a RCRA-Vicensed facility.

STORAGE AND HANDLING: Avoid contsct with heat, sparks and open flame. Can
react with oxidizing materials.

IN CASE OF FIRE: Use wvater fog, alcoho! foam, CO02 or dry chemical
extinguisi:ing media. Firefighters should be equipped with self-contained
breathing apparatus and turnout gear.

ENPTY CONTAINERS: Al labeled precautions must be observed when handling,
storing and transporiing empty containers due to product resicdues. Do not
reuse this container unlass it is professionally cleaned and reconditioned.

DISPOSAL: Spilled material, unused contents and empty containers must be
disposed of in accordance with local, state and federal regulations. Refer
to our Material! Safety Data Sheet for specific disposal instructtons.

IN CASE OF CHEMICAL EMERGENCY: Call CHEMTREC day or night for assistanca and
information concerning spilled material, fire, expeosure and othar chemical
accidents. 800-424-89300

ATTENTION: This product is sold solely for use by industrial inscitutions.

Refer to our Technical Bulletin and Material Satety Cata Sheet regarding
safety, usage. spplications, hazards, procedurss and disposal of this product.
Consult your supervisor for additional information.

CAS No.: 110-01-8

Proper Shipping Name: Morpholine - UN 2084
Mace in West Germany

Intermediates ance Fine Chamicals

[+, [ ¥4

ori08 897




Morpholine
CAS ¥o 110-91-8

' w:nmn
R
% .

Fora: u«u 1.3 Colour: Colourless 1.4  Odour: Typical amine

PUYSICAL DATA AXD SAFETY DATA Tested in sccordsmce with:

Change in physical state: .
Fraesing Range : -3°C (B8 523:1964)
Boiling Range (5-95al): 128-130°C = (DIN S1 2351)

Density: {20°C) 1.0 g/ca® (®IX 51 757)
" .Dulk density: : - kg/n®

Vapour prassura: (20°%) - 10 nbay
(50°C) 60 wbar

. Visecosity: 20°C) 2.3 sla.s .

Solubility 12 water: °C)  Misetble g/
- 3 Q) 8/1

PR (at 3 g/1 10): ¢ 20 *0) 10.1 '

Plash point: A . 31°C  (DIX 51 755)

Ignition temparature: 215°Cc (DI 81 IN)

Muiu limitet Lower: 1.42 Uppar: 13,08 v/v

Thermal decomposition: Mo Jecompositicn delew 3N°C

Bazavrdous decompesitiom pre:acts:

Bazardous reactions: Rxothermic veactioa with acids

Addiiional iaformeticm:




RID/ADR: 3.31C
~_* Other Informstior: Jay 30t be transmitted by post. MPAG 322, 3-02
. Q.l .\ Information on laballing:
The guoduct 1s included in the EEC list of dangerovs substances (EEC
Diragrive 76/907/EEC including the latost amendment, equivalent to the

UK Clpssification Packaging and Ladelling Regulstions 1984, SI 1244) and
must be ladallad sccordingly.

[
BC Wo. : 613-028-30-9 -
* - Rasayd Symbol : Corrosive
Risk Phrases ° 10-20/21/ 22-3&
Safety !hmcs. 23-26

Charactarisation in rslation to non perception : Safety Phrases: 23-36-26
The product is listed in Part 1A of the Appr~ved List for the UX
Classificacion Packaging and Labellisg Regulations 1984 (ST 1244) for
conveyance as a flammable liquid. .

UX Emeygency Action Code (Hazchem): 2P

T.¢ Other Irformation:
~ - The normal precautions for the handling of chemicalr must be observed

.. Occupational Exposure Limit (OEL) : 20 ppa 70 mg/m® loag term
: ' 30 ppa 105 mg/m® short tera 19835

3 PROTECIIVE MEASURES, STORAGE AND HANDLING

§.1 Tecknical protective measures:

5.2 Yersonal protective Eospiratory Eye protection: Yen

equipment: preotection:

Hand protcction: Yes Other:

5.3 Industria] Lygiena:

T.4 Protection against fire and explosion:

S.% Disposal:
Incineration

Dilute aqueous solutiom can be treatad in diological effluent
treatmant plants




After spillage/leskige/ges leakage:

_ Soak vp with absordent material (e.g. ssnd, kiasslguhr)
Wash away small quantities with plenty of weter

Exvidfuishing media: Futzable: |X| weter epray (fon)
o 12l tom *

Net to be used:

Perst Ald:

Remove contaminated clothing immediately
Wash affected skin with rumnning weter or better with vinegar or 5I acetic
scid. Superior is Polyethylene Glyesl 400 (*lLutrol EAD0). Avoid: Alcohel
application. - -
Wash affected eyes for saversl ainutes with runuing weter with eyelids
- held epen. Consult gye specialist. '
Aftar inhalation of vapour, remeve patient to fresh air, artificial raspirati
Reep. warm, keep quiet, kaep respiratory passages fres. .
&:uu of less of consciousness, position and keep patiant i: recovery

1 17Y -

T

Purther Informatiom:

Toxicity
Expericnce on Numans: upmhut irritate the eyes, respiratory orgsns and
skin . .

LD30 oral (rat) : 1910 wg/ig

LDSO deTwal (radbit) : ca 500 wg/kg

1430 imhalation (rat) : >42 ag/l/8 hr

Primary skin ixritation (raddbit, BASF tast): Corresive.
Prisary smcous wembrane irritatioa (rebdit eye, BASY test): Corroetve.
Acute inhalation Dazerd (rat; test results dependent ou toxicity and
wvolatility: ¥o deaths occurred after 1 hour exposure to aa

staosphere satur.ted with the substsnce at 20°C. Deatha cccurred om longer

SXpoSRIeS
Special Proparties: Danger of skia resorptica. Contimued resorption causes
liver snd kidney damange. With aitrites or nitrous scid, aitressnines may
:mmwaumum-wummm;umm :

esrcinegenic ia snimal studies. - -




. “FRODUCY AR Noshoiine

Ecology

Product should aot be allowed to enter water courses without prior
treatmeat
PFish Toxicity: Goldorfem test LC 50 >S00 mg/1/48 hr

{lity in water: Static test 7T0C >602, readily da:rn&ahh

‘mainly by bdiological processes.

By careful addition to adapted biological effluent treatment plants, mo
adverse effezts on the degradative activity of the activated uludgc are

cxpcg.&d. :
wex (Gcnn Water Baszard Chsuﬂcatioq: 2

L




LITTON BIONETICS, INC.
SS16 NICHOLSON LAME
KENSINGTON, MARYLAND 2089s
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SREFACE

This report coat.in: . summary tf the cata cowpiled d-ring the evaluation
of the tast corpounc. The repor. s organizad to piezent the rasuits in
8 concisa anc +asily inteiprotable zanter. The fir-t wart cortains

Items I-1X. itias 1-7V =rovide spomsor amd -.3° ri.icle fcantification
informa: on, type of . 3ay, and A2 protocol reisrancs aumbor. Item V
provides ths {~iti~tion and cowpletion date: o7 s study. Item VI fden-
tiffes the supervis vy personiel. Itam YII inli:s%@s tha ot et and/or
figures c-atalring th.: test results. Thc interpretatian o Tac ~esults
{s in Itan VIII. Item IX provides the conclusfon und svaiuatisn,

The second puit of the repor’ describes the study dasign, which includes
the materials and procecdures amployed in conducting the assay. T™is part
of the report also contsins ¢vatuation =riteria used by the s*ud, director,
and any appendices.

A1l test aad control results presented in this report &rc suprorted by
row data which are permanently waintained in e files of the Derartasnt
of Molecular Toxicology or in the archives of Litten Rfcnetiacs, Inc.,
8516 Nicholson Lane, Kensingtou, Marylar 20895.

Copies of the raw data will be suppifcd to the spons..» upe: reguest

The described study was performed in accordance wi*i Guod (zicratary
Practice regulations except if noted to the contrar,. To “.ie bast of
the signer's knowledge there were no significant deviatior- from the

Good Laboratory Practice regulations which affactad the cuality or inte-
grity of the study.




SPONSOR: BASF Aktiengellschaft

MATERIAL. (TEST COMPOUND): GENETICS ASSAY MMBER: 5797
A. Identification: Morpholine '

+B. Oata Received: June 22, 1981

C. Physical Description: Clear, colorless 1iquid

TYPE OF ASSAY: ]In Vitro Transformatfon of Balb/3T3 Cells
th Without Metabolic Acttvation

ASSAY DESIGN NUMBER: 482

STUDY DATES:
K. Inftiation: June 25, 1581

5. Completton: March 26, 1982

SUPFVISCR: PERSONNEL:

A. Study Director: John 0. Rundell, Ph.D.

8. Laboratory Supervisor: Edwin J. lhtt&vs. Ph.D.
RESULTS: |

The results of the assay are presentsd in Tables 1 through 8
oh pages § through 13.

V111. INTERPRETATION OF RESULTS:
Tha test materfal, morpholine, was soluble in culture medium

at tre tasted concantratian of 40,0 0421, An alkaline pM shift
was vbserved at this cuncentration and therefore the stock solu-
tion was neutralized dy addition of a volume of 5M HC) before dflu-
tions wera performed. After pH adjustment, a serfes of 18 test
saterfal dilutfons, ranging from 8.0 p1/m) to 0.061 ni/a) fn
two-fold dilution stops, was prepared for use in the preliminary
Gytotoxicity tests. Two clona! survival assays (preliminary
Cytotoxicity tests) were performed; one assay was conducted
using Balb/c-3T3 cells alone and another was parformed under
activation conditions using Balb/c~3T3 - rat liver cell co-
cultures. The 3T3 target cell survivals derived from these
oxperiments were then used to salect test materfa) concentra-
tions for use in the non~activation and activatfon transforme-
tion assays, respectively. The results of the cytotoxictt:-
tasts are shown fn Yables 1 and 2. Two independent non-sctiva-
tion cytotoxicily tests were parferwed. In the absence o7 rat




viil. INTERPRETATION OF RESULTS: (Continued)

Tiver cells (Table 1), the relative survivals ranged between -
approximately 35.2X at 1000.0 nl1/ml and near 90-118X over the
$00.0 te 0.061 nl/ml ranga for Tifal 1. No survivors were
observed at test material concentrations of 2000 nl/al and

+hgher. For Trial 1I (Table 1) the relative survivals
ranged from 0.83X at 1000.0 n1/ml to nearly 90X to 132X over
the 250.0 to 0.061 n1/ml range. As was observed for Trial I,
no survivors were obtained at the dose of 2000.0 n1/ml and
higher. As shown in Table 2, treatments of 3T3 calls in the
presance of rat liver cells did not result in a signif’zant
shift in apparent test material cytotoxicity. Thus, the rela-
tive survivals ranged between 0.4X at 1000.0 nl1/ml and near 85
to 117X for treatments with 125.0 to 0.061 nl/ml. No 3T3 cell
survivors were observed for test material treatments of
2000.0 n1/m} and higher in the presence of rat liver cealls.
The activation and non-activation transformation assays are

- normally conducted using test materfial concentrations that
result in between 10-20X and 100X survival and are considered
to be most sensitive near 20X survival, since maximal transfor-
sation fraquencies for a series of model compounds were obtained
for treatments that caused survivals between 10X and 25X.
Therefore, test materfal concentrations between 35.0 nl/ml and
1400 n1/ml and 15.0 n1/ml and 600.0 n1/ml (Trial II) and 17.5 nl/al
and 700 n1/m} corresponding to a survival range of approx-
imately 100X to 20X (estimated graphically, see Tables 1 and
2), were selected for application in the two nonactivation
trials and in the activation assay, respectively.

The results of the non~activation transformation assay trials
are shown in Tables 3, 4, 5 and 6.

The negative control measures tha frequency of the appearance
of spontaneously transforwmed foct in the current assay. As
shown in Table 3 (Trial 1), one transformed focus was observed
among the 16 negative control dishes. The absolute negative
control frequency of 0..7 focus/dish was within the expectad
range of zero to 0.5 focus/dish. In contrast, a total of 87
transformed foci was observed among the 18 MCA-treated positive
control dishes for an average frequency of 4.83 foci/dish
(absolute). While the data shown in Table 3 do not contain
any unusua! valuas, dishes with large numbers of transformed
foct (>10) have been observed in other experiments (see Trial II,
Table 5). The appearance of large numbars of foci fn a single
dish, compared to other dishes in a sat, ts considered to be
caused by the respreading of one or a small number of foci by
sechanical disrption during the refeeding process that occurs
twice weekly for the incubation period. The assusption that
the appearance of cishes with Aigh numbars of foci results

from 8 technical rather than a blological cause 15 supported




VIII.

INTERPRETATION OF RESULTS: (Contfnued)

by the finding that such dishes appear to occur rendoaly fn

all experimental data, fn treated dishes, as well as in negative
controls. 1If such data are included fn this analysis of experi-
ments, & marked skewing of the average frequency of foct occurs
-that s inappropriate for application of paramstric tests for
statistical significance. Analyses of the distribution patterns
of the transformation assay data showed that the data closely
Tit a log-normal curve. Conversfon of the raw data to the

10g;0 results in a normal distribution and the presence of a
Tew dishes with high numbers of foct does net disturd this
relationship. Bafley's modification of Student's t-test can
then be used to avoid the assumptions (intrinsic fn many para-
setric tests of significance) of oqual varfances and equal
numbers of entries in the treatment and control sets. The
results of these analyses of the present transformation assay
data are shown in Tadle 4. Statistical analysis of the trans-
formation assay data (see Tables 3 and 4) show that concentra-
tions of test material from 35.0 to 1400.0 nl/al were non~trans-
forafng to 3T3 cells in the absence of rat liver cell activation.

¢
These conclusions, regarding the absence of test saterial trans-
foraing activity under non-activation conditions, were confirmed
by an independent test. The results of this assay trial are
shown in Tables 5 and 6. In this assay, a total of 3 transformed
foci was observed among 37 negative contro) dishes for an-- )
average frequency of 0.08 focus/dish. In contrast, treatments
with 5.0 pyg/md MCA resulted in the appearance of a total of
117 foci for an absolute mean of 6.16 foci/dish. These negative
and positive control results ware similar to those observed
for Trial I in that the spontaneous frequancies for the two
assay trials were simflar and the positive control freauencies
attained the 99X confidence level of being significantly altered.
As was observed for Trial 1, none of the treatments with the
tast materfal resulted in a significant increase in the frequency
of transformed foci (see Tables 5 and 8). Accordingly, in
this trial, concentrations of test materfal from 15.0 to
600.0 nl/m1 were found to be non-transforming to 3T3 cells.

Three activation assay trials were conducted; Trial I was com
pleted on Septesber 1, 1981, but was rejected for analysis
because of failure of the assay to resolve the positive control
treatment. A sacond activation assay trial was inftiated on
February 1, 1982, but could not be completed because of culture
contanination. The basis for the failure of the first activated
assay to resolve the positive control treatments was the appear
ance of significant areas of cellular hyperplasia in the negative
control as well as among the several treatment groups. These
hyperplastic areas were found to be the result of the prolifera-
tion of fibroblast-1ike cells contaminating the rat liver cel
preparation at the level of approximately 1X of the plated cells.




VIIl.

+ therefore, conductsd using a modified protocol. The principle
provisions of this protocol compared to those described in
edition 3 of Protocol 482 include lethal x-frradiation of the
rat 1iver cell population and the conduct of culti~e treatments
without replating. The axact sethodologies employad in Trial II1
are described in the accompanying Assay Design ssction.

;N'n;ults of the third activation assay trial are shown in
able 7.

As previousiy described, the negative cortral maasures tne '
frequency of the appearance of spontanecut iy transforwed foci.
In this assay, ore transformad focus wa: observed asong the

19 negative control dishes. In contrast, the positiva control
treatment with 10.0 ug/m1 cyclophosphamide fnduced a iotal of

7 foci among 20 dishes (Table 7). Log;o analysis of these

data (Tables 7 and 8) showed that thes positive control frequency
of 0.26 focus/dish was highly significant (ps.05) compared to
the negative cont™ol and therefore, the sangitivity of this
assay was norsal.

The effect of tast material treatments on 3T3 cell transforma-
tion under conditfon of rat liver cell co-cultivation is also
shown in Tables 7 and 8. After log;, analysis, the average
number of foci/dish ranged from 0 at 17.5, 350.0 and 700.0 ni/al
to 0.12 at 175.0 n1/ml. Compared to the negative control,
none of the frequencies of transformed foci observed for the
test material treatment achieved the 95X confidence level of
being significantiy altered {Table 8). In addition, én agree-
ment with the nonactivation results, no evidence of a dose-
related response was observed and therefora, concentrations of
test material of 17.5 to 700.0 nl/ml wars svaluated ae haing
non-transforming fn the activation assay.

INTERPRETATION OF RESULTS (Conttnued)

This rat livar cell contminant-mediated hyperplasia resulted

in the introduction of uncertainty in assay scoring, since o
their merphologies were siaflar to those observed for foci of
transformed 3T3 cells. The third activation assay trial was,

CONCLUSIONS

The test material, Morphciine, did not induce significant

fncr .4mas fn transformed t.ci over the “:sted concentration
ranges of 15.0 to 1400.0 :~ ‘al and 17.5 to 700.0 nl/al fn the
non-sctivation and activiv.on assay, respectively. The tested
concentrations corresponded to approximately 20X to nearly 100%
survival in the non-activation and activation prelimfnary cyto-
toxicity tests. Therafore, the test material {s considered to
be inactive in the Balb/3T3 and Balb/3T3 rat l{ver cell-medizted

In vitro cell transformation assays.
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TABLE 1

TJOXICITY TEST IN BALS 373 CELLS

CLIENT: BASF DEPT ASSAY NO. 5797
TEST MATERIAL CODE: Morpholine

AVERAGE NUMBER X SURVIVAL
TEST COMPOUND OF COLOMIES TIVE TO CONTROL

Q§§S JESTED (n1/ml) ria rial Trial 1 rial
ND

1. 8000.0
2. 4000.0
3. 2000.0
4. 1000.0
§. 500.0
6. 250.0
2. 125.0
8. 62.5
31.3
15.6
7.81
an

1.95 46.3

0.977 47.3

0.488 85.3

- 0.244 58.3

0.122 83.3

0.061 52.7

Controi
(culture medium) 49.3

. *Two zultures were scored at this dose.
s Dose not tested.

T s




CLIENT: BASF DEPT ASSAY NO. 5297 DATE: July 7, 1962
TEST MATERIAL CODE: Morpholine SOLVENT: - Hedium

TEST COMPOUND AVERAGE NUMBER X SURVIVAL
DOSES YESTED (n1/ml) OF COLONIES/PLATE RELATIVE TO _CONTROL
1. 8000.0 0 ' 0
2. 4000.0 0 0
3. 2000.0 0 0 _
4. 1000.0 0.4 .
5. 500.0 ' - 40.3
6. 250.0 .
7. 125.0 : ‘
8. 625 . .
9. 3.3

15.6 .

n nm

3.91
1.95
0.977
0.488
T 0.244
0.122
0.001

19. Control
(culture medium)

B soence
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CLIENT: QASE GENETICS ASSAY N0, 5797 DATE: July 8, 1982
COMPOUND CODE: Morpholine SOLVENT: Mediwe

Logyo Amalysis® of

Treatment Foei/Dish L 3
Conditton fean 2 % n SE Statistic™

Control 0.018 0.075 0.019 Control
MCA 5.0 M\ 0.723 o0.216 0.051 +12.996 pc.0l

Test Material '

1400.0 n1/m! 0.018 0.018 -0.043 NS
700.0 n1/ml 0.04% . 0.02% +0. 852 ACpL.
350.0 n)l/a! 0.090 0.068 +1.020 <3<,
175.0 nl/m) 0.015 0.01% -0.154 NS

”.o n'h] o.m o.m WI& .W.

RNOTE: Each raw data point was increased by 1.0 and converted to log,o -
bafore statistical analystis was appltied.

RANOTE: t-test equations:
te (X - X)
Ty
RARMA LA

3
Merew = zﬁxs’sﬂ :éﬁ;ﬁ e © !ﬁxg * ‘KEJ'

SD = Standard Deviation SE = Standard Errvor

. WS = Mot Significant
% = Excluded from analysis due to excessive toxicity.

**Bailay, Norman, T.C0.: Statistica) Methods tn Biology, Wiley and Sons,
Im-. Nov-. ” w. m. )

- sorencs

degrees of freedom = df =
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TABLE 6
STATISTICAL ANALYSIS OF TRAMSFORMATION ACTIVITY

CLIENT: BASF  GENETICS ASSAY NO. 5797 DATE: Septesber 15, 1961
COMPOUND TODE: Morpholine SOLVENT: Culture Medius

Logyo Analysis* of

Treataent Foci/Bish t
Condition Nean = g n SE Statistic™

Media Control 0.036 7 0.016 Control
MCA 5.0 pg/ml 0.795 0. 19 0.049 +15.093

Test Material

600.0 nl/m} 18

300.0 n1/ml 20

150.0 ni/ml O. 0.069 19 .016 NS
75.0 n1/m1 0. 0.073 17 . 018 . 0.9<p<1.0
15.0 ni/ml Q. 0.078 15 .020 . Jo<pe. 9

®NOTE: Each raw data point was increased by 1.0 and convertad to l0g,¢ -
before statistical analysis was applied.

®ANOTE: t-test squations:
t= (% - %)

Ve - aa~ weeae 7 o mmmd
3k J)*
'L ¢ ‘J T 3 )t

2
A 2
= t t ]
ware ¥ (ﬁxssa"x * ‘&5'7';. - u‘xﬁ - 55

SD = Standard Deviation $E = Standavd Ervor
NS = fot Significant
% = Excluded from analysis due to excessive toxicity.

~ailey, Norman, T.J.: g Satiatical Rathods o Biclony. Wilay and Sons,
lm [ N.Yl. " ml .

degrees of freedom = df =

(H moercs
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CLIBNT: JASE  GENETICS ASSAY M. 5297  DATE: March 26, 19e2
CONPOUND CODE: Morpholine SOLVENT: Cuiture Medium

L0g 0 Analysis® of

Treataant i/Dish t ) P
Condition Mean [ T Statistic™® Values

Media Control 0.016 0.069 19 0.016 Control Control
CP 10pg/ml 0.099 0.160 20 0.036 «2.108 .02<p<. 05
Test Matarial : .
700.0 n1/m1 O 0 20 O -.000 = NS
350.0 n1/ml O o 1% 0 -1.000 NS
175.0 nl/m} 0.050 0.115 18 0.027 - +1.502 Jepe.2
67.5 n1/m1 0.015 0.067 20 0.015 . 40,435 .6<pe.?
17.5 ni/m1 O 0 20 0 -1.000 NS

*NOTE: Each raw data point was increased by 1.0 and converted to 10Q;0
before sta’ istical analysis wes applied.

t=test equations:

"NOTE:

mzoffmdu-df=

-
ware b = s - i

SD = Standard Deviation SE = Standard Evrror

NS = Not Significant
* @ Excluded from analysis dus to Qxccssive toxicity.

~*gailey, Norwan, T.J.: m_w Viley and Sons,

xmi. “DY-. n m.

& e



PROTOCOL CMAMSES

The study design used in the conduet of the assay described in this
report differed from the signed prctocol. These changes are detailed
in the attached Asszy Design (No. 432), described in the present
report, and summarized below:

1. Rat liver cells were lethally x-irradiated prior to their use
in the activation transforsation assay.

The activation transformation assay cultures were plated with
1 x 10¢ 373 cells and after about 24 hours incubation, 1 x 10%
x~{rradiated rat liver cells were plated onto each 3T3 cell culture.

Co-culture treatments were initiated 3-4 hours after rat liver

cell plating and continued for 48 hours. Tha 3T3 target cells were
not trypsinized and replated; after treatment, the cultures were
washed and incubation continued exactly as for the non~activation

assay.

The assay evaluation criterfa were changed so as to provide for
d” .t analyses of experimental results in relation to the
appropriats current negative controls. Statistical tests of
significance were concucted on logarithmically transformed data
using Bailey's modification of Student's t-tast.

n 0. .
Study Director




1 DBJECTIVE

This assay evaluatas a test msterfal for its adility to induce aorpho-
Teatcal transformation of BALR/c 3T3 cells in the presanct and absence of
-‘!nboliuny active rat 1iver cells. Transforeetion of BALR/c 3T3 cells
ts recognized by dense, piled-up foci of altered cells superimposed on 8
sonolayer of mormal cells.

BALB/c 3T3 mouse cells aultiply in culture until a monolayer 1s achieved
znd then cease further division. These cells, if injected into {mmuno-
suppressed, syngeneic host animals, do not produce neoplastic tumors. -
Howaver, cells treated En vitro with cheatcal carcinogens will give rise
to voct of callular superisposed on the cell sonolayer. If these
foct are picked from the cultures, grown to larger numbers and injectad
{nto animals, a salignant tumor will {n most cases be obtained. ’
the appearance of piled-up colonfes in treatad call cultures {s correlated
with malignant transformation. The absolute correlation between morpho-
Togical transformation and the tuc-rigeniciq of fsolated foct can be
measured, for any given treataent, by isolation and teansplantation of

test-article-induced foci (see Protocol Nos. 486 and 483). Because tumori-
genic cells also express the anchorage independent phenotype, the tumori-
:nic potential of morphological transformants can also be estimatad by

teraining the ability to grow in soft sger (see Protocol No. 485).

STS cells have a Vimited cepacity for metabolizing test materfals and

this fty 1s known to vary considerably among cell cultures obtained
from different clones. Freshly isclated lethally x-{rrediated cells from
ret liver retain a high metabolic activity and can be co-cultivated with
$T3 cells in order to achieve a cell-mediated activation of test saterials.
The rat liver cells attach to the culture dish, spread out and say form
closs sssbvens sssoclatisns with the 2T ealla. Matabolic products formed
in the 1iver cells may then be effactively transported to the T3 cells
and say cause thea to transfors.

WATERIALS
A tor Cel

Clone 1-13 of BALB/c 373 mouse cells was obtained frem Dr. Yakeo
s of the National Cancer Instituta. Further subclones,
selected for low ?num frequencies of foct formation, were
 used for assays. Stocks are saintained in Yiquid.af , and
Tsboratery cultures are checked perfodically to ansure shsence




fotal bovine serwm.

NOTE: The concentrstion of FBS used {s determined for each lot prior
to its use in the assay. ,

8. Mstabolic Activation System == Primary Rat Liver Call Cultures

Prisary rat liver cells are freshly isolated Dy enzyme perfusion of
adult, male, Fischer 344 ret liver according to the technique des-
cribed by G.H. Williams (1977). The metabolically active liver cells
thus cbtained are lethally x-irradiated (3000 ¢) and seaded in EMEM
into each culture container to be used for the dose selection or the
trﬂnfomtion assay 24 hours after the ssading of the 373 target

“ ‘. -

C. Negative Control Articles

A negative control consisting of assay procedures performsed on un-
treated cells were performed in all cases. If ti.c test article is
not soluble in g—owth medium, an organic solvent such as acelone or
dimethylsulfoxide (DMSO) was used; the final concentration of solvent
in the growth sediur was )X or less. Cells axposed to solvent in
the medium are also bDe assayed as the solvant tive control to
deteraine any effects on survival or transformation caused by the
solvent alona. At least sixtaen 60 mm dishes of the appropriate
type of negative control were prepared for each assay.

0. Positive Control Article

A known carcinogen, such as 3-methylcholanthrene (MCA), was usad as
a positive control for the nonactivation transformatfon of 373 cells.
At least sixteen 60 mm dishes were treated with the appropriate dose
of positive control cheamical for each assay.

" Cyclophosphamide (CY) or dimethylnitrosamine (DMN) wes used as a
positive control for the transformatfon of 3T3 cells in the activation
assay. CY and DMN are inactive or very weakly active as a transforming
agent 1n 3T3 cultures in the absence of exogenous setabolic activation.
Up to three groups of at least 16 dishes were treated with the appro-
priate ses of CY or DMN for each assay.

3. MTERIALS (Continued)
of sycoplasss contaminatien. Cultures are grown and upd.mld
in Eagle’s Minimum Essential Mecdium (beN) m‘lmtzr with 10X y

4. EXPERIMENTAL DESIGN
A. Dose Selection
The solubility of the test article in growth mediua, DMS0, or other

. solvent was determined first. Fifteen dose levels of the test article
were then chosan, starting with a saxisum applied dose of 1 mg/ml




Cottomst)

aweek, Tha dishes wers exantned by ey and isfcroscope to
- diteruine the wust v of foct of transformed ealls.

"~ Aetivation Assay

The metabolic activation procedure used at LBI uses x-{rradiated
rat liver cells to mediate the biotransformation of test articles
not metabolized by the 3T3 indicator calls and is based on an
*& {tro protocol daveloped at Litton Btonetics, Inc., (LBI),

, E.J., Guntakatta, M. and Rundell, J.0., 1981).

A sarfes of 60 sm dishes were seeded with q:gmiutﬂy 1 x 10¢
313 colis/dish and incvbated for 24 hours. Then 1 x 10% prisary
ret hepatocytes were seeded into each 873 culture. After

3=6 hours incubation, the supernatant culture mediuva was removed
and at least 16 dishes were treated for each of the following
conditfons: five doses of test article selected from the results
of the Activation Cytotoxicity Assay; positive control (up to
three concentrations); and negative control. The dishes were
incubated for a 48-hour exposure period; the cells ware then
washed, refed and incubation continued for 4 weeks with refeeding
twice & week. Assay scoring was done as described for the non-
activation assay (4.8.1). - ’

R1 F 1
At the end of the four-week incubation period, cultures of norsal cells
yield a uniforaly stained monolayer of round, closely-packed cells. Trans-
Tormed cells from a dense mass (focus ov colony) that stains deeply (usually

blue) and is superimposed on the surrounding monolayer of normal cells.
T™he foct are variadle in size. '

Scored foci have severs! variations n morphological features. Most scored
foct consist of a dense piling-up of cells and exhibit a rvandom, criss-cross
. orientation of Tibreblastis o2lls at the nerinhery of the focus and exten-
sive {nvastivenass fn to the contf mono! . Other scored foct are
composed of: 1) more rounded cells with 1ittle criss-crossing at the
rriphory but with necrosis at the center caused by dense piling-wp of
arge mumber of cells, or 2) foci without the nacrotic center and large
nusber of cells but which exhidit the criss-cross pattern of overlapping
cells th sost of the colony. Foci that have these characteristics
and exceed 2 am in diameter are scored ++* and those <2 sm in diameter
are designated .

Seme densely stained areas are not scored as transformed foct. These
{nclude foca) areds where some ninrnt of rounded calls has eccurred
but the random orientation of fibroblastic cells is not sbserved (*).
Microscopic examination is employed for scored foct and in the final
Judgement of transformed charecter for any sarginal foci.

BIONETICS




EXPERTIENTAL DESIGN (Comtinued)

s woek. The dishes ware exsmined by and afcroscope to
deteraine the mumber of foct oftryug'md cells.

" Activation Assay

The metabolic activation procedure used at LB uses x-irradiated
rat liver cells to mediate the biotransformation of test articles
not matabolized by the 3T3 fndicator cells and is based on an

{n vitro protocol developed at Litton Bionetics, Inc., (LBI),
Thatthews, E.J., Guntakatta, M. and lundell, J.0., 1961).

A series of 60 ma dishes were seeded with apgrh:xiumy 1 x 104
373 calls/dish and fncubated for 24 hours. n 1 x 10% primary
rat hepatocytes were seeded into each 3T3 culture. Aftar

3-6 hours incubatfon, the supsrnatant culture sedium was removed
and_at least 16 dishes wers treatad for each of the following
conditions: five doses of test article selectad from the results
of the Activation Cytotoxicity Assay; positive control (up to
three concentrations); and negative control. The dishes were
incubated for a 48-hour exposure perfod; the cells wera then
washed, refed and fncubation continued for 4 weeks with refeeding
twice a week. Assay scoring was done as described for the non~
.ctivation assay (4.8.1). . -

SCORING OF TRANSFORMED FOCI
At the end of the four-week fncubation period, cultures of normal cells

yield a uniforaly stained monolayer of round, closely-packed cells. Trans-
formed cells from a dense mass (focus or colony) that stains deeply (usually
dlus) and is superimposed on the surrounding monolayer of normal calls.

The foct are variadle fn size.

Scored foci have several variations in morphological features. Most scored
foci consist of a dense piling-up of cells and exhibit a random, eriss-cross

~ orientation of fibroblastic cells at the periphery of the tocus and exten-
sive invasiveness in to the contiguous monciayer. Other scored fog! are
composed of: 1) more rounded cells with 1ittle cﬂu-crossfn? at the
pert>hery but with necrosis at the center caused by dense piling-up of 2
large number of cells, or 2) foci without the necrotic center and large
number of cells but which axhibit the criss-cross pattarn nf overlapping
calls th sost of the colony. Foci that have these vharacteristics
and exceed 2 mm in diametar are scored +++ and those <2 mm in diameter

are designated ++.

Some densely stained areas are not scored as transformed focf. Thuie
include focal areas whare some piling-up of rounded cells has occurred
but the random orientation of fibroblastic cells {s not sbsery it {*).
Microscopic examination is employed for scored foci and in the {nal
Judgement of transforsed character for any sarginal foct.

BSIONETICS




! ALR/ST trwfmuon asss nedsures the sbilf y of & test srticle
7 to induce & spacitic type of cellular morphological alterstions. This
= : 4s_correlated with the u‘msion of encegenic poten-

1) amung the popuiation of mrpalogteatly itared (transteriad) il

“Thus sarance of morphologically trensformed foct in treatad cultures
_ §s thought to be the result of an inductive precess constituting the first
" measurabla step in the progression toward the in !P cellular acquisitine
 of the neoplastic phenotype. This hypothesis can readily tasted for
specific test articles by asasuring the cofncidence between the expression
of the anchorage {ndependent (ar+) and/or tumorigenic phenotype
1solated test-article induced, urphologia‘ll(trmfomd foct.
confirmation studfes are described in Protocol Nos. 486 (Isolation of
Iorphologiu‘l Transformants), 485 (Growth in Soft Agar) and 483 (Confirma-
tion of Transformant Tumorigenicity). Protocols and price quotations for
these studies. are availadle on vequest.
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ASSAY ACCEPTANCE CRITERIA

Tha 2222y iz saneidevad accentable for avaluation of the tast results if
the following critaria are met:

The tive control dishes consist of a contiguous monolayer
of cells which may or may not contain transformed foci. The

Jack of contf sheet of cells indicates growth conditions
too poor to allow the relfable detection of weak transforming

agents.

The negative control tnmfonin’ frequency doas not exceed an
average of about 23 foci/dish after 10g;0 analysis. Attespts
are made to isolate and meintain cel) stocks (subclones of
uw:g: 1-13) with @ very low spentanesus frequency of trans-
formation.




8. ASSAY ACCEPTAACE ERITERJA (Coutimued)

«  The positive control yields an average number of foci/dish that
1s significantly different from the negative control at the 95
or confidence level. -

A sinioum of 10 flasks per test condition are available for
analysis. At least 3 dose Tevels of test substance are assayed.

The dose range of test article sssayed falls within the 10-100%
survival range as determined by the preliminary toxicity test,
which seasures relative cloning efficifencies.

EVALUATION CRITER]JA

The appearance of transfmored foci is usually symmetric for any given
treataent condition. However, large numbers of foci may appear at rardom
in one or more dishes in a set resulting in skewing of the mean number of
foci in that set. This skewing appears to be due to a technical rather
than a biological cause and this conclusion {s supported by the finding
that dishes with high numbers of foci eccur randomly in all experimental
data, in treatad dishes as well as in negative controls. The appearance
of large numbers of foci in a dish, compared to other dishes in a set, is
considered to be caused by mechanical disruption during the refedding
process that occurs twice weekly during the 4-week assay parfod. Recent
analysds of the historical negative control results showed that when the
data was converted to logarithmic fcre {base 10) a normal distribution
was obtained and N few dishes with abnormally high numbers of foci

(e.g.: >10) did not disturd this relatfonship. With the transformation
assay data in a norma) distribution, a t-test can be applied for determining
statistical significance.

Sailey's modification of Student's t-test (Statistical Methods in Biology,
Wiley and Sons, Inc., NY, page 50, 1955) will be used to determine whether
the results for each treatment condition was significantly different from
the experimental negative control (~p<.05 or ~p<.01). The Study Director
will evaluate the results of each treatment cendition in relation to the
observed activities of model compounds and will exarcise scientific /' dge-
sant in the evaluation of each test article. In general, a response at
only one dose level just attaining the 95X confidence level will normally
not be considerad sufficient evidence for activity in this assay for acti-
vity in this assay. However, responses at one or more treatmant levels
attaining the 95X confidence level and exhibiting evidance of dose depen-
dency will be considerec as positive evidence of transforming activity
and responses achievin? the 93X confidence level over one or more test
saterial treatments will be similarly interpreted.

-
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This #inal study report was reviewsd by the LBI Qualiey
Assurance Unit on Z /'2 s & report of findings was

submittad 20 the Study Director and to Management on 2&[!4 .

Tha short-term natury of this study precluded inspection while
1t W in process. The Quality Assurance Unit fnspects an in-process
Study of this type pproximataly once per month to usm ‘that no
significant prodlems exist that are 1{kaly to affect the integrity of

this type of study.

\

Auditor, Quality Assurance Unit
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